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B-Cyclodextrin nanoreactor catalyzes the oxidation of cyclohexene to adipic acid
DENG Yi-da'?, LIU Yi-bing"*, ZHANG Dian'*, CHENG Yu-giang"*, DENG Min"*, HU Xu-ze'*"
(1.Chongging Key Laboratory of Water Environment Evolution and Pollution Control in Three Gorges Reservoir,

Chongqing 404100, China; 2.College of Environmental and Chemical Engineering, Chongqing Sanxia University of
Science and Technology, Chongqing 404100, China)

Abstract: Using B-cyclodextrin as the framework, through stepwise functionalization modification and the
introduction of tungstate ions, a quaternary ammonium type supramolecular nanoreactor ( B-CD-PPQAT ) was
constructed ,and it was used for catalyzing the oxidation reaction of cyclohexene in the hydrogen peroxide system.The
target structure was confirmed to be successfully constructed by Fourier-transform infrared spectroscopy ( FT-IR) and
nuclear magnetic resonance (NMR) characterization.The results showed that under optimized conditions, the conversion
rate of cyclohexene could reach approximately 96% ,and the yield of adipic acid was about 78%.This system promotes the
deep oxidation of intermediates through confinement effect and phase transfer, improving the selectivity of the target
product.At the same time,the catalyst has good stability and reusability.This study provides a new approach for the green
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and efficient preparation of adipic acid.

Key words:-cyclodextrin; phase transfer nanoreactor; cyclohexene; adipic acid
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02 04 06 08 10 12 14 16
B-PPQATHR I /g

I—F R 2—B IR
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BRIHER . 25675 IR N ACR 5 1R FI AR, B-
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546 HBIZT 2

AR W /D, 24 s N A DR A 16 h J5 (18 ~
24 h) O R REAETRE (2 76% ~78%) ,
P N VAR £/ i B R VNA N vl RS e A R DA E
B SN R 50 i — 25 FE K B Ny B[] X6 7= 32 4
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PPQAT A5 K4y ] 5 &2 {f FH P s e vk

80

70F
e N
50+
L 40k
1130F
m 20f
10+
0 3
NS
K9 B-CD-PPQAT 7 [ & ¥ Kk & T th
- S

2.2.4 HIIFT B ey L AL

Xof A5 0 O R -5 W S A AR C IR it 23l
#4177 "H NMR FT-IR DL J XRD RAE, FIELS
mE 10 iR,

R BE/a.u.

2 |

14 12 10 8 6 4 2 0
&/ppm
(a) "H NMR i




2026 FE 10 B

R=a ik

2

BELRI%

4000 3500 3000 2500 2000 1500 1000 500
BB /em!

(b) FT-IR Y3

R B /a.u.

llu 2

10 20 30 40 50 60 70 80
20/(°)

(¢)XRD Ji
1—H 4 B 282 ;2—C ZRARfERE i
10 'H NMR ¥ i% FT-IR %4 XRD %

45408 10 7] 41, "H NMR . FT-IR &% XRD AiF
55 O R IR IR AE — B, R WER 3 B B 4y
AR5 B AR, ULRH = M 5K B . 2R G HT R
BRSO RAl B, R R LA RAF s 8k

3 4#ig

A SCHE KA B A& T B
FEHLAY B IR L B-CD-PPQAT, 33 i NMR LA
K FT-IR SERAE J7 % Hilb A7 1 4540 5341, % B-
CD-PPQAT WA Fy i 430 % £ 9 oK J 1 2% H T
AR CER S C R, UA KRN
TR R ANFEIR, H T B-CD-PPQAT M fiEfL
PERE

B-CD-PPQAT R I B UMbk RE 558 e
Pk, FE VIR E A 85°C . 8- CD —PPQAT &
42.9 mg/L 30%id AL E 5K 22. 97 mL S}
] 20 h (Y 50F T, 3 C IS AL R AT I8 2 96% , C —
PR 7 3 e e 24 78% , HAR AL R FE 2 A B4 5 T3 A 4
B TSR REE S Y R I AT SRR
B—CD 4 2 A B 8 G P 15 B8 405 A R 3 B 1L 1) 4 26
FAbE R B B AR iR e, AR ORI
FLHB > TGN 5 7E S (S AR 2R v 1 07 R 43t
TR SR S AR

S 30k

(1] &, 248, BiRl. O MOt )]. masekfes

IB—IkZE p- IR NAK RN B EL RS BRHIS "R - 183 -

2F4)%,2000, (7) :1121-1123.

[2] AR, 1R =2 C " BRAE T HORMER Rl o #r (1] AL T4
32021, (26) :57-58.

[3] #EHEAN, B0, XUHfh, 4. C M A BRI R R[],
IR T ,2023,52(22) :95-97,100.

[4] BN =, ZFH.C R FERM A B[ 1], ML T, 2014,
(42) :24-26.

[5] Akify, BREEMR. C MR _F R R L 2M5E [ )] R g aim i
T.aERE,2011,12(11) :37-39.

[6] 22Xk, Senr. O R4 h 5 T0U T R AL REERY G
AEALLI] AR LT, 2025,42(5) :42-44.

(7] Tz H 2000, 220, &5 SR R RO Bk s it e [ 1] 107
16T.,2023,52(3) :433-435.

[8] Van de Vyver S, Romén-Leshkov Y.Emerging catalytic processes for
the production of adipic acid[ J].Catalysis Science and Technolo-
gy,2013,3.1465-1479.

(9] ®kt, 2210, & L0 H R/ TCHL IR P T Mtk Ak S Pk B 2 4 5 i
BT[] A AT, 2004, (6) :34-36.

[10] Jiang H,Gong H, Yang Z, et al.Clean synthesis of adipic acid by
direct oxidation of cyclohexene in the absence of phase transfer a-
gents[ J ]. Reaction Kinetics and Catalysis Letters, 2002,75(2) :
315-321.

[11] Jin P,Zhao Z,Dai Z et al.Influence of reaction conditions on prod-
uct distribution in the green oxidation of cyclohexene to adipic acid
with hydrogen peroxide[ J].Catalysis Today,2011,175(1) :619-
624.

[12] Holmberg K.Organic reactions in microemulsions[ J ].Current Opin-
ion in Colloid & Interface Science,2003,(8) :187-196.

[13] fRXGE, BRIIER 2 2 K, 5 SR AL SR A G e R
[T].4 Ak ,2017,25(8) :681-685

[14] Oguchi T, Ura T, Ishii Y, et al.Oxidative cleavage of olefins into
carboxylic acids with hydrogen peroxide by tungstic acid[ J].Chem-
istry Letters, 1989, (5) :857-860.

[15] Sato K, Aoki M, Noyori R.A “Green” route to adipic acid: Direct
oxidation of cyclohexenes with 30 percent hydrogen peroxide[ J].
Science, 1998 ,281(5383) :1646-1647.

[16] EFEFF VTHRVY W Fmn, 55 AR g FRWIRS U 2 i 4 T 20
AL ] BRAET,2017,37(1) : 136-139,141.

(17] TImE, 23505, 000 , 45 8- BRI 25 52 & AR DRk Mg B 75
YIRS HER [ ] BARAE T ,2019,39(12) :34-38.

[18] Kim M, Alizar Y Y,Syam R H R, et al. Thiolated B-cyclodextrin-
based host-guest interactions ; Investigating and tuning chemical in-
terface damping in single gold nanorods [ J].Physical Chemistry
Chemical Physics,2025,27(28) ; 14754-14758.

[19] Mazurek A H, Szeleszczuk L. Current status of quantum chemical
studies of cyclodextrin Host-Guest complexes[ J].Molecules,2022,
27(12) :3874.

[20] Baghel D,Banjare M K. Host-guest complexation between B-cyclo-
dextrin and phosphonium-based ionic liquid and influence of its in-
clusion complex on the binding property of paracetamol drug[J].

Journal of Molecular Liquids,2023,389.122867. 1



