(e mTtHEAERICEDER) 2V AT VAL L7
B LWL T DY VA RIEORSE
Bh Bk W 92 & hEBRE Al R

HTHEABKRIZEGODE) 2 V2T VAt e L 7~
BEEICELWLWT O VBB KREDORR
A e
(Fpi k%)

Oxdation of Cyclohexene to Adipic Acid with Hydrogen

Peroxide Catalyzed by Polyoxotungstolanthanoate

Eri Ishikawa
(Chubu University)

Abstract :

Acidic acid, an important industrial chemical, is used as a precursor for synthesizing nylon-6,6.
The industrial production of adipic acid involves nitric acid oxidation of a cyclohexanone and
cyclohexanol mixture; however, harmful N:O is released as a by-product during this process. This
study reports a process using a 30 % hydrogen peroxide aqueous solution as an oxidant to convert
cyclohexene to adipic acid in the presence of sodium salts of [L(W50s).]" (L=La*, Sm*, Eu*, Gd*,
Tbh*, Dy*, and Y*"). At 90 °C in 3 h, the cyclohexene conversion rate was >80 % and the selectivity
for adipic acid was >90 %. The [L(W50s).]" (L= La*, Sm™, Eu*, Gd*, Tb*, Dy*, and Y*) sodium
salts notably exhibited high catalytic activity for the formation of adipic acid under organic

solvent-free and phase transfer reagent-free conditions.
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Scheme 1. Industrial processes of adipic acid production.
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Scheme 2. Oxidation process of cyclohexene to adipic acid with H,O,.
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F 2 7 v &AL AR (30 % VAW % ) O A TSN 2 /5K L T2 0T, BILKIGIZA
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72T, S AR A AT &R T 5 T & A Mg 2 AHBIR A A A X S B Db B, FHEE
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WALS 22 enTED, FREHII Y TAERIBRTH S &b, AMERIER & Rl 7 QL8
ALaL CHEEKEY 21— 2§25 Z EAARETH - 7=,

%, Nao[Eu(WsOu):J+32H,0 & Ml i 72 KSR OFER & i o 7 1SR (La™, Ce,
Ce", Sm”, Gd¥, Tb", Dy", Y*) & fl\ =454 & Dk S22 T M T 5,

2. EBFE
2-1. flEA R

L AERA A ¥ & L TCe®, Ce®, Sm™, Eu®, Gd*, Y* % ®H K IZ W b A A 72
NagH:[Ce"(W501):]#30H:0 [1,2]. Nao[Ce"™(W;015):]*NaCle30H.0 [3]. NasHs[Sm(W;015);]28H,0 [4],
Nag[Eu(W5015):]+32H,0 [5]. NasH[GA(W;015):]*30H.0 [6]. Nas[Y(W;015).]35H,0 [7] (2B L TRk
WMOFHENHE > THE L. KBr XL » METHIELZIRZNRY PILIZ & > TEML 728 D % F6
IZJH W 72, La*, Tb™, Dy* % HL D 3A A 72 NagH;[La(W501s)s] 31H,0. Nao[Th(W;01)2] 30H. 0,
Nao[Dy(W501s)2]* 33H,01& Nas[Eu(W501s):]* 32H,0 [5] DA EE 2512, EuNO0:);*6H.0% Zh 7
NLa(NOs);*6H,0. Th(NO;);*6H,0. Dy(NO;);e5H,012ZH L TAK L 7z. KBrXL v b CHlE
L7ZIRAXRZ P IZ & 5T [L(WsO0uw)]” GO & MR L. HOUX#AHIC K 2 LR &
TG-DTAZ HW=BEHBE I K > TH R 2 RE L 728 O & FEERIZHW 7=,

2-2 BLRUE

Nao[Eu(W501s)2]e 32H0 % Il IZ - 2= B ST i 2/ §, 7 9 B VIBREEIE, RO F&M % SidE L
L 72o Nag[Eu(W;015).]*32H.0 (300 umol) %30 %1tk 7K (100 mmol, 10 mL) IZ58 4T VAR &
B2BIZy 7 aAFE Y (20 mmol, 1 mL) ZMIA. T OVATR A SR, — R THE L & 51590
COMEGER L 7z, MEGER L 72 RIDER & —W. 4 CCTHRET 2 L MEEHAMMSRE LT T Y
VBN Lz, AL 727 V¥ VBOEEIZKBrXL v FETHIE L ZIRA XY L2k 5
Thiro7ze ML 27 DV RIERG[AMIC K > TR L, WRIEL 727 ¥ 7 — 4 — N T s vghi
CETHhoEHEZIEL, TOHEEEZECARIDRICZET S 7 V8V BRAERDONE KD 72,

3. EERAER

3-1. R A L& MG

filfi e L C2—a ¥y AEuZ B IZHLD JA A 72 Nao[Eu(Ws01s):] 32H,0 & FIV T, SRS HER, K
IS, R R E AT A =2 =L LTT VY BARELT - 7R %4 Table 1IZ/Rd, flEL
SRR T O RS Z AR & A O IS8 L 7= IRREIC 5 5. ARBIC W0 TRIC RIEIE D8
BIFREL, 50 CTTOMBL 2 RISIEIEICIZ S 2 u~F L U AREL, TV VBBFIEL RN T
ENPC NMRAXRZ FLOWIE» G S Lm0, 7V VEEOAERKIZIZ0 CLLEDMED BE
Td -7z (Lane 3. Lane 4), F7=AHBIRSENMEE 2 O 2 WAKIS R, il & BRALHIC b 2 R
LRI AET 2 A 2 aAF v 2PN 2 08235 0, HIPHE A8 3
WS> THERT 27 VD VBONESEENM L 72 (Lane 1. Lane 2, Lane 3), & Z A TAKIERA
TRHEITT 272D, YrunFE LV OWEED 4R FOMBILAREELE L, 20 1
T, RISMTH 5 7 a~F &2 20 mmol (25 L TR % 100 pmol #*5 300 pmoldLAF X+ 7-35
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By B R 2 BIZHE > TIRRALIIDEE X R L, RIDRM 2835 Z &N Th - 72
(Lane 3. Lane 5. Lane 6), — 5 CTA#E %100 pmol L FIZ§ 5 & MR AZ RS LTS, 79
YUK L B o T,

Table 1. Conversion of cyclohexene to adipic acid by H.O, with Na,JEu(W;0.s).]*32H0.

Reaction conditions: cyclohexene (20 mmol), H.O, (100 mmol)

Catalyst [umol] | Stirring [rpm] Temp [°C] Time [hour] | Yield [%]
Lane 1 100 0 90 3 2
Lane 2 100 500 90 3 14
Lane 3 100 1500 90 3 63
Lane 4 100 1500 50 5 0
Lane 5 100 1500 90 5 81
Lane 6 300 1500 90 3 87

Table 2. Conversion of cyclohexene to adipic acid by H.O,

3-2. HFTFHEEEDEHICL A RICHEDEWN with various catalysts. Reaction conditions:
Lk " o " o o cyclohexene (20 mmol), H,O; (100 mmol), catalyst
fi LHElE & LCLa™, Ce™, Sm™, Gd”, Tb", (300 umol), reaction time (3h), 90 °C.

Dy", Y7 ZIDAAZZ [LWsOn)e]" &I Catalyst Yield [%]

W72 A ORI A Table 21283, ZhZho NagH;3[La(W5015),]*31H,0 85

ﬁmﬁ@;l\ff fi‘ *EE#QN&Q[EH(WSOH&)Z]. 32 HzO & j( % Nag[Cem(W501g)2] *NaCl- 30H20 0
. . Nast[Celv(Wsolg)z] *30H,0 0

EyEWTI AN 5720, 1T U g

EEWT R 5729 ) 7 L CeZ BAGIZHLD NagH:[Sm(WsO15)2]-28H:0 <3

AR A O 2551238 7Y B VR Nag[Eu(W5015),]*32H,0 87

R E N a7z, —MRICH TSR +31 NagH[Gd(W5015)2]*30H,0 82

DEALIRIERTE 22, £ ) w7 ACelzBIL T id Nas[Th(WsO15)2]-30H-0 83

3l +4fl & BRI AAE L. FBEZCe” ALY P Dy (WO 33110 at

KR AL Ly Kbri-Le Nas[Y(W5015):]-35H,0 80

A A 72 Nag[Ce™(W;015):] *NaCle30H.0 & Ce* %

B0 3A A 72 Nag[Ce"(W5015).]* 3S0H. O DIl F D& A i S h T 0. Zh 61 URAEK %KD
TENEREIN TS, TN E LGBl T YV VBB ER L G2 57201, 1) v L4
F OB PELS, BILAITH 2 8MBILKKEE BT 2720 ThD(eq]). FERIC
Nas[Ce™(W;015);] *NaCle30H,0 & Nag[Ce™(W;5015).]e 30H,0 % filt i 1= Fl 72 KSR Tl KIBRIE &
AR 23 L Fé v (SR J2E) 2Bl & 7z,

2 H.0; — 2 H:0O + O, (eq.l)
Table 212 /R S - T, MMICRHEBMWEETHE2RL 20 EL TR
NasHs[La(W5015):]031H, 02 % %, 7 ¥ ¥V BRAR BB 9 5 s PE i o fil it & ok % < & h

570 H, NagHs[La(Ws01s)]e 3STHO U YR IE % 5 < 95 (300 nmolA L) & ISR A % F5 -
Tt LTl v, KIeEMET L7,
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3-3. £HRLAETIECEBOME

Nao[Eu(Ws015)]o 32H.0 % filthit & U THW 22 R B 5, k& LTI L7227 ¥ ¥ Vg4
D B 72086 (1 1F Y — 25 AKEEH) DPC NMRA X2 b L AFig2l2md, 7V VBE T TEL,
ZHUNOEEMRBI N -2 Bl h 722 » 5. 7 V¥V BRUNOBIESRDOFLER
RSN b, L2 ULARKIBRTERL T Y VEBEOKE AR E UTHH (87 %) LT
%, ZORELEET D LIERIBGET26RIORIEZLTE13% THH, X5I2ZDOHTY,
BHELTWA TV VBAED DA HKRENI LS, ke LTEERDORIZ Dm0\, $72
CHNTCZE T O#ER, ke LTHH L7 O VBOEKY L L TOMEIZIFIEI00 % Th -
Tzo FIMMUL 72T DK VBEMN T DB, AR A S 2 TRENE & HOEXHRIHTIC & > THGY
UZzo ERI#E. BEHRL COARWT D VB SCUTOMAKTHREFLZT DV VIR, B LET
VEVIRIZGEENE AV AT VW2 -0y ABUDERE% Z KDL 2 A, WThoy v T
b g ar—uby sEudithEhd., 4727 VWICBL T L e >89 v Tens
130.3%. PEF LYY T n5130.025%. L2y v T r 3t Sk o7, KE
DFFEA12.01, 4 V72T VORTEN183.8THSHI L A4HFE TS L. WIHFOHFEIIEDLS
FTEHONEZTVEVBRTICEEINE 2 V72T VOWERE R, ED Dy, ZhED KISIZHG
il R & LTI L7227 O ¥ VIBICIRAT 2 Z &3k <. ARG RTER T2 7 0¥ Vi
EAME TR O N T L AMER X N,

a) Cyclohexene ipic aci
(@) Cycloh (b) Adipic acid
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1791

150 100 50 0 200 150 100 50 0
(ppm) (ppm)

@D

(c) Aqueous solution after reaction

adipic acid

200 150 100 50 0
(ppm)

Fig. 2. "C NMR spectra of cyclohexene (a), adipic acid (b) and aqueous solution after reaction (c).

3-4. FERIEROY 1—-X
1O HB] Tk RS 12, AERISREINGH TH By r7untt s L ERMTH BT
DY VEBLA AR A G E R OIEEIZY VIV ERIBR TH B, 7 CMBEKIGRDY 21— 2 &
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ATz, R U727 D ¥ VB % %O MBEAIRAT§ 2 URHRIC, BUY 7 and v v Ltk R
A TI0 CITHEAL 72, 194 2L HORIL TIERIBKREE 2 3K & U7z A3, 244 7 v H DR
B IEE A 6IFE & L7z, ZORRIVA ZLHT87%Th - 2L, VL —A L7294 2L
HLI#IZ80 % FREIZ TR 5728 DD, 494 27 L% T80 % i TRIBAMEFF L7z, 544 2L H
P ST EBUC IR AME T (40%FEHE) L, 69 A 2 LH» B IR TV VBRMEbh AL Aot Th
D TEEAE B 72D TIE A <L DR L 30 % @b AKREAKRE10 mLEOMAZZ LI2k > T,
R R 3 A R DR P L 727200 e E 2 5, ) 21— 2240 ET Z 12k > THINYT 52Kk %
BHIZHOBRL ZEAMEIc AT, K0 Z0nEKOY 12— 2T MBEHIIRETE 3 L5 1
%,

3-5. MhiEEME

A R IEAE T %, BB SRICHRAET B DIR 2 X2 b LB BRETD 2 X2 ML 52445 Z
L6, NagEu(WsOis)2]* S2H O IEH, Z DOFHEE #Z(L X B T3 Z Ml Eh 3,
Z Z TNa,WO,* 2H:0 X Eu(NO;);* 6H.0 & fill 5 & L TH W 72 O, % 72 idNa,WO,+2H,0 &
Eu(NO;);*6H.0 % A7 & T T V¥ VAR A RA LD, BT VEVBBIZAER L &2 57z, filtl
& LU TNao[Eu(W501s):]* 32H. O DHfi & £ > 72 IRRE (%12 F 213 [Eu(WsO0uw).]" HH& % £ - 72 1K)
TRIBZEFBLZEBADOR, 7TYEVEBAEK L, 20X 2R 5 Nag[L(W;s01s):]enH.0 12
il R s, MR E & Y 7 AT VTR E N B BIOREEIZZEL L 721, KIS ERTE
AROMTHESEY A MIOBRBRILKE S A 2. ZORETYEPIZY sanF v E IO
PA MIBIETFEZEI2X5T, Y27 untt yOBILKIGHETTS 7ot 2 448K L 7=,
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