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Separation and qualitative analysis of the products of catalytic
oxidation of tetrahydrofuran with O, by
L-glutamic acid cobalt complex
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Abstract: The reversed phase high performance liquid chromatography ( RP-HPLC) and gas
chromatography-mass spectrometry (GC-MS) were used to the separation and qualitative analysis of
the catalytically oxidative products of tetrahydrofuran (THF) by L-glutamic acid cobalt complex with
O;. The effects of mobile phases and pH values were investigated for optimization in RP-HPLC on
separation. y-butyrolactone (GBL), vy-hydroxybutyrate (GHB), 2-hydroxyl tetrahydrofuran, 1,4-
succinic acid, isobutyric anhydride and tetrahydrofurfuryl alcohol were detected by retention time
comparing method under the optimal conditions. In addition, one of the target products GBL was
separated and purified by the methods of solvent extraction and column chromatography, and was
verified by nuclear magnetic resonance (NMR), which demonstrated that the qualitative results were
reliable.
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0 3l&

SHBERE KB MEREANIESRELREY, ERIK O, WRAK, ¥ O, i, HIE—RIR
FRMEA O, EMEWAELT . RN, O, KW, BAMK, REFREEEMLN., Hik, e
BHEANSE S B SYH TRAEN O, IR, T O, AENFKHRAAFTEER X,

B o H SR —REENEIM RN, JTHREHE THF M#EAEL" &K, THF X
W S BRSPS, BREFERR T HELMHT Fe(l), Cu(ll), Ru, Mo, Rh%
WELBE SV THF RELEAS ), FE>WH GBL, 2-RENEKRE, +R2ETRERSE, HAF
BAFBR FE=YAN, XEARERANEERSELEWIERNUT, BHTHL O, EIUAKR
WA, B TIREGMR, ERBIMESY ST ERR, FEiEERSE S WIERLFRN =Y
HAT BT,

SBESNHELEN THF YR FEEER . SMHBEIED: (gas chromatography, GC), GC-MS
¥E. a4M6IEE: (infrared spectroscopy, IR), NMR yE& -4 HE, A& THF W= E 2%,
RERRE, FYREHMNEAKRL, BHSEN=YHENRNE, SERNLLERE, Fik, &
SEAETH S B RS MT P S AT T EE A TE A O, AR R A EEAEH .

FIH RP-HPLC ¥/ GC-MS EXT R ERA & WL THF S48 WiHAT 4 BMEES . X
BRBHAERE, EEFTEXN B2 —8 GBL # — 35 o8k, 3 A NMR KiF GBL 45#,
FENEAN THF LELARR B e B iR 2EA,

1 3LI§
1.1 FEUERSRAHN

4% : SHIMAZU LC-10A RsBAl i (HABEAF); SHIMAZU GCMS-QP2010 GC-MS
X (HAEZHEAF); Inova-400 B NMR ##1% (£HE Varian 2%]); ULTRA ANMK2 #B4iK{X (£
H ELGA AF); BORAN (LEFERRSTABAF); REZRN (LEREMSED; A4S
Z—HBTHNRE (LEFREPNBRAED; MIALEE (0.22 pm, EH Pall 27),

R THF ASHaE (ERAFAF, BHBE N, R T—26CRF); N,O N=FErEHR=
BOBER (BSTFA) ., =FREES (TMCS). R, B, WEA®GIEL (SIGMA AF); 2-7EN
ZRM (Toronto Research Chemicals A7]); GBL, 1,4-T B (FIHR TN ; HTERE. WEEE
(BRBAF); 4+RETHR (GHB, ILAHANKEA AT ; ZRTE., ECkASITE CRESTNS
WAVAFED; SERAKAELAK,

1.2 RP-HPLC
1.2.1 faikss:

Inertsil ODS-3 Cis i H: (250 mm X 4. 6 mm, 5 pm); FEi 30°C, HFER 20 pL. WEHHE AN
0. 01 % HI R /K YA, B AR, i 0.80 mL/min, ZEYEH: 0~15 min, 95%A.

1.2.2  beAERS R BCH]

PRYERE SRR . FETEN 45 L GBL, GHB Ml 1,4-T ZMRA AR 50 mg, ARAKEH 2
25 mL ZEMF, HIE 2 g/L FBREHFEMSE, £0.22 pm BALIEESIE, 4CRBEAHFN,
1.2.3 FRReH

1 mL ## THF WERMIBEYWT 10 mL BLOEF, BOREEI BB, € 40°CEHTRER
RAORBEIET, WmaAKERERS 25 mL FEES, —26 CUKEIRESFN,
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1.3 GC-MS &
1.3.1 ik, Fiksek

@it 4&ME. DB-5 Gitk; BFEFE: WHER 60°CHEFF 1 min, FHEEERN 10°C/min, FEE
180°CORHF 1 min; HEFEE 1 uL, He /EER, H3KEJ) 50 kPa, 233tk 100 : 1, BEREEEE 290°C,
BTIRRE 250°C, #HEE 250°C.

SR &M, MFEHHTFHE, 70 eV; SCAN 2B, HHETEH, m/2=50~500.

1.3.2 bR ACH] Sk s AT A4

PRUEVEIR . BARHERIREEL 50. 00 pL 2-32ZEIUSRKME . GBL, St T MRFAI DY SMEE, REVEMT
%) 1 mL, 8% 50 mL/L WIBRAEEMEE, T 0. 22 pm HALEIE, —26'CKFFRFRFN GC-MS.

PRERATAAL . HERIAREX GHB A1 1,4-T R4 0.001 0 g, BHA 200 uL BSTFA-TMCS, &%
JEBNKEF S, h 30°CHEE 70°C, f#FF 30 min, REWMH, AREBHBEEAES 1.00 mL, &
1.00 g/L MIbsHEIR &M, i 0. 22 pm PAFLUBAR, SLEIZEAT GC-MS WA,

1.3.3 FERATLE

1 mL RERRRNIEEY, BOWREE, B EBBEE, B 20 oL E3F A K S # e 253
2 mL, —26°CUKFRFRMN GC-MS.

HEmATAEL . B 20 pL BOEH LER, BAREMRES, MMA 40 oL BSTFA-TMCS, BSEHRA
KA, H30CHHRZE 70°C, FFRHF 30 min, RFWH, AR EAS 2.00 mL, i&0.22 ym HIL
JEIE, —26'CUKFERFRN GC-MS.

1.4 BREEE

2 HIFE R R R G W5 AT B O WRAE . e, RAUKEM., HOBER, FAHARTE S5
F 500 pL AERAI B EEVS AR, i 0. 22 pm BFLIBHE, —26°CUKAEMRAAN GC-MS. KAHHEHZ 8B R E
B, JieF)5 500 uL FE%H#E, 1T 0. 22 um MFLIEIE, —26°CUKFMRFRI GC-MS.

1.5 H2hrik

FREX 35 g BIEEFHI P ALO,, FiEdek:, KRS, BETHF=#LL CDCL, ¥# L#E, DUE
Tyl IR CE AWM BAT R ENT, REWE, 8% 20 mL, BT)5 2 mL H2KER, T0.22 ym
TALUERE, 4T RP-HPLC Wi,

1.6 HHEE

¥ 1.5 PSR L GBL BEATIEE. 7T, M D,OEWHN, TMS MWK, KEBRB A #E

H3iE4TTH NMR, ¥ C NMR 3R,

2 ZR51TR

2.1 RP-HPLC &
2.1.1 ik gphiEs

SERFEEEERT pH ELE 3. 00~4. 50 Z [MEAK-FEE, ZBR/ZBEZMWE (0.01 mol/L) -F
B2, BERR _EH/BERE_MEMHE-FEE. FRKER-FRE A MERN BRREYS BN, 0.01%
HBRKER-F I (pH=3.20) HRRIERIMHREN=HEERL, BREF, HibEHEESY
RP-HPLC AR Hs)AHE,
2.1.2 RP-HPLC MliA%%R

B 1 A RARRIRE X AR i B, B 1a IR ARRUES PGSR, 1~3 SBKER A GHB,
GBL M 1,4- T 2R, @I RERHEATE, B 1b P8 1~3 S5iE55% GHB, GBL fl1,4-T &, H
B, MERNEBIRE, GBLEEF=YIH LB K, 530+ GBL h# N THF S/ EF=#HF, E53C
R ARFERE, PHEE DR GHBM 1,4 T 8, (HAEHAMBTST SOk o e 0 3aE 0,
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1. 2X10*4 1.2X10%y
1—GHB 1—GHB

2—GBL 2—GBL
3—1L,4- TR —L4A-TZR
%B.OXIOL 1 2 3 % 6. 0X 10°%1

OAMLA\ O_M

8 9 10 11 12 13 14 15 8§ 9 10 11 12 13 14 15
Fif1E] /min 18] /min
a b
Bl WHEEE (1=220 om)
Fig. 1 Liquid chromatograms (1=220 nm)
a—FRHE R FOVRAE B ;. b— RS A A B

a-Liquid chromatograms of standards; b-Liquid chromatograms of sample

2.2 GC-MS

RP-HPLC Kyl =4 H (%) GHB M1 1,4- T ZRR¥ M KRT/ATEMN, PRREESWK, FERSHIXE
BARUE SRR ST A AL, BEINSMHAEENE 2 fin, B 2a 8 1~6 SEKKH 2-BE
PSP . GBL, 7T REF. GHBATAY ., WEREATEYN 1,4- T _BRAFEY., B 2b M 1~6 5
YT — RIS AR, FHH AR ES RN S E 22 P 6 FbsdE A,

B GC-MS KM R UEH . P9 2R NERm . 5 T TREFR TUSUREE 3 F =Y 78 A
ERAWE, RBEH GCMS ERRNZME . BRI,

1—2-F2 L PU&k  2—GBL 1—2-F2 L PUSRIR  2—GBL
3—5 T EREF 4—GHBRT AW 3—5 T IREF 4—GHBRT AW
S—PUERHEREATAEY)  6—1, 4- T —BRATAEY S—IURBERATAEY  6—1,4-T T4
6. 0% 10" 6.0 1081
%mxw | 5 , , 6 %3.“106- ;?
‘ 4
N N A RS N ¥
0 ) SN S VU - LA A
3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10 11
i 18] /min i} 8] /min
a b

B2 SMHERE
Fig. 2 Gas chromatograms
A EARATAE MRS, b— R AT U o
a-Gas chromatograms of standard derivants; b-Gas chromatograms of sample derivantsd

2.3 BRI SHRENTER

RP-HPLC fil GC-MS #3274 GBL, A#—PRIEKMER, REH GBL #HATRANH,
XRBEAERENEETE LB R NEEY. 2 FERBIET @ ENRE R, WHFERE GCMS Jl
W, B3d1, 25&EFHNNE, PEER - RERYEEE, 3 SEIRRHER - RERYEE
e, FTDAFEH, AEHXT GBL FWMRERMNAK—L%, GBL W LM —KRERTEe, Hik, ZBERERG,
P EE IR BUSR BT

HENTEFRA RP-HPLC EIMMS AR, B 49 1 5&% GBL ks failfig, 2~3 Sk
W EEE, SREVEERTEESZER>Y GBL.
2.4 NMR #1E GBL

¥ 2.3 TR AT 'H NMR #1¥C NMR K3, FrE%3E S GBL MirESHMAYE,
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1
n 1
251054 1. 2X 10
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0 ' : ; ; . . . ; s
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i} 18] /min ff 18] /min

B3 —&RER (&1, 2) FZRER
(& 3) MSAEEEE
Fig. 3 Gas chromatograms of extractant
(peak 1, 2) and twice extractant (peak 3)

Bl 4 GBL (1) FMEHEFLAY
(2, 3) HdAEEEE
Fig.4 Liquid chromatograms of GBL
(peak 1) and pure product (peak 2, 3)

H-BRIET AMA, WHERZRMEEMANER, RELBEDT. RAMREE, H NMR
(D;0, 400 MHz), &: 2.25 (q, J=6.6 Hz, 2H), 2.54 (t, J=7.0 Hz, 2H), 4.41 (t, J=6.9 Hz,
2HD. *CNMR (400 MHz, D,;0), §: 183.16 (C,), 183.16 (C;), 183.16 (Cy), 183.16 (Co. B
E¥¥R 530K 0 JiE B GBL £ — 3.

3 it

i RP-HPLC ¥:f1 GCMS ¥, Xf L-BRBRHAB S WE O, EAL NS RRE H) F= P HEAT T W1 43
BN, AMbRARE AN e GBL, GHB, 1,4-1 =, 2-R&ENE R, 71 REA NS HE
B 6 Frredy, FIAWFIZEERGE, BEEXN = GBL #4749 B4, A4k RKEF, NMR #—»
IR T ROTHEE, XABUEN THF TELFIRAREE T 7K.
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