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Abstract

A new route to synthesize glutaric acid from y-butyrolactone was studied. First, y-butyrolactone is
ring-opened to generate ethyl 4-bromobutyrate, and then photocatalytic carbonylation is carried
out with CO; as carbon source under light conditions, and finally glutaric acid is obtained by hy-
drolysis and purification. The rate is 35%. The reaction conditions are mild, and the required raw
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materials are simple and easy to obtain.
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1. 518

A% — M (glutaric acid, pentanedioic acid) 2 Tifik —fRER, [iFk GAC, MHK 1,3-INki R, FARHEIR
gEEEERRES M COR ), MR RS ER 1 T4 EK[L]. B2 A HUL ORI o )
e, BTN T R PR SRFAEAR[2] . AR S5 RE A R SN A AR, AT
BRI AR B, FERTERM NG &G RGBT E AN R R N FKIE ML HLAA 5 a3
(e s, T DA A R A T b S A R R 2 s e RO R R R R
R BRI [3]

R E A —JCRERAREL, TV A bR X Bk, KREZEMFRELRRENER, HE
BRI BB NTE JE [4] - 4 Tk b R — M B O R A P A vp = AR (R B =4 23 s 4l 45 5] [6] 7],
(HIT ek, CBRAE T2 A WAL, AR Sk D,  #o% T2 B 2R A
(8], WEVE R R 5 32 B E R ) o

BRI S = A VB 2B, R A B VAR S % T R [9] [10] [11], HH R
WL IR A JEURL A K ST IR & iR R [12] [13], Hh 1,3-TA B A JERIGI 46 R —R[141% . EiR &R IT1EME
FEWE 2 0], B Anivr 2 40 B FH 30 5 AU R R A IR B 33 A AN A RO AL 7058, TEI IR I AR
PRI AR P R TS G, ELURAA R S i S RN S B S SR A I B SR R . AT AR, LARE
ek A JEHRH 5], I A E AT — 0B R BRI 4 (B U AR 9 M R B A TR 58 75325, BT g
AN EE, TES R R BN KA S, DU A E N ENFI T2 — R R A G
Tl Qs pl, XS R MEER, FISBONVE R, EEIA NP TET IR, T2
1 F R AREA AR, EC T 2 SRR 1 g i R v R e e 10 P e e A [ B S0

PLoy-T AT A SRR B R R AR 88 7 [16], # y- T R TR i = B S, FEInN IR 3h
FRFRAL A5 2 R IR P EBE I, FNPOKMERIR . XA TSI E A RS, S48 Tl
A= TAE N DU R 22 A B i, W M PR BE B T BB R 4R 1), AT IR . JE Hix T2
HREIEAK B, AREEaENFIER, WRFEEEF T y- T BN E RS B BRI
WILE.

AR R IR E AR IA R, EHIR S5 SBAHE GIEEA E, 42405 7Bl y- T AR AR
BHE B RRIH L2, W U R AR 7 — 2% & BUk ZRR AR B B AR R AT

2. SRS ISy
2.1. LIS SR
YP BUH PR, R TAXES ) s R-1002 Jie i 28 A, K3kl TR A7 HiE/2# UFLC-2010 Plus
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R R4 Bruker Avance 11 400 MHz A% Wi 3EHR1X .

y-T N TG 3 A 2 B A PR A RIS, YRR T 7 s AL I 0 A PR A ], £1019%5(98.5%) « NagPO,
(98%)~ CuBy, (98%)FH &5 1& 55 FIFE i 35 A R A ml 3K, ZERE(AR) AT BE(AR) &5 1255 1 - [ 25 45
AR TR A A
22. BRIZE

DA y-THERNIER, =20k E U 1R 1) Jelld AR 4-IR TR CER)E: 2) FELIAHF
TG EEEAL; 3) AJE FKMRAIR R iR BARE BUR BT FERULE 1

2P + 3Br, + 6H,0 —LC» 2H,PO; + 6HBr

0

do +CoHsOH + HBr —J-C— 5" >"co0 ™ + H,0
<)

Na3PO4 , CUBI’2
(CH3COO),Cu, hv, 25h

(2)

~S00oc”™"Br + CO, + CH3OH ~>00C” >""CO0CH; + HBr

NaOH HCl
~700C”"C00CH; o006 an HOOC._~_COOH

(3)

Figure 1. Schematic diagram of the synthesis reaction of glutaric acid
1 R-BERRNTEE

23. A%

231 4-RTHRZEEHEK

AR A-BRAR T TR BB I 7 1 B A [17]4E 2004 46 8 B 0 5 3 AR AR T oK . BT g A R
Bh R —#E, BHEAERNARR A RIRAE R HBr, JNRE N 0°C, Bk NS BT
7IN:

e B RE . E IR AR AR Y 100 mL BEE . N y- T N EE(8.6 g, 0.1 mol), F/KZ
f£(20.0 mL, 0.35 mol), ZL#(3 g, 0.1 mol), FEUKAKIEH(OC)IRIE; TFah R FELIe s s, 43w
AEL I 39 5 R <1 R In 8.0 miL (0.15 mol) VIR AN 3.6 mL Z548/K, 76 [ S TR A HT 10 min Y, 1A B0
HN 2 mL FIVRIRAT 1 mL 7K, & FIITE KL 3~4 h i se . ¥ O IR A AE 0°C HIRE T4kt
WPk 24 h )5, BIRAIAIE A 50 mL UKok T, IBEBAZ EESAMRT, BESE, SEail
FEAUKAE, KEEHH SR RERNNR G, SENZEEIE. JEH 0CH 2.0%RRANETR, 0.5%1)
HCl WAUKBEEBANZIREY, FHTOKRER TR K G 2 L Z S RS0, 49 30mh S
RO N 4-B TR 418, 1% 99.261% (HPLC), 773 97%.

Heii LR (LTH NMR) 3 B i/ 2 fros, 76 & = 4.14 — 3.87 ppm AL T J&E T 2. g 3 - —CH3 AL
1E & =1.3—0.99 ppm A FUE T JE T L B8 3E F-CH2-[8 LA, 7F & =3.32 ppm A& T JE T AL fE 5
POf7 ik FIE, 76 8 = 2.33 ppm Ak M)A JE T4 7558 — ik ERIEL, 76 & = 2.01 ppm A& i 9 & T4k
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Figure2. "H NMR spectrum of ethyl 4-bromobutyrate
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Figure 3. 1HPLC spectrum of ethyl 4-bromobutyrate
[ 3. 4R T BR C 5 1HPLC T&[E
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TE 5 = AL A

RGBT 3 R, AREI A A 4.537 min, ETEFLSE 4,579,704, A 684,046, % IHIAN
P AT R, S5 RER W 4- T IR LRI ZEE N 99.26% .

4-FT 1R LR ARG S RO ik A R 20 1 3 B

232 RIBHER

1% F BAG s RS2 A SE BB S B, AERSLER N TECE 400 W iR R SRAT, s RAT TE AR 227 4
KEMHRE, NZEHHHE, NEEAETEET, 7052 EANERAEIK . HORIIEZ R N e
WIRLAAE IR AR T, TR R NABON KR R AT EIR KA & H 4-1RT R 4B6(100 mmol/L) &
TRALAHR (10 mmol/L) LA S 2414 (40 mmol/L) Y FH B 50 mL A E] 100 mL B =R, A oialE &
Wi A7 B SN B AMEE . s IR R AR A RN RN RS (0.1 MPa), TR JEIR, FEOGIR &t
THHTRBZ) 25 h

BB B R BRI R 250 mL (¥ = E R, FER N 40 mL NaOH 7K #(0.5 mol/L),
JEE, In#EIR BRI M 5E42(90°C, 3 h). M SEAJE, 2 E AR, MBI 50 mL /K, FHiE
TN 2R B2 (0.5 mol/L) B2V pH A 4~5. i i, IR T R LR AL 208 58%, [X BRI 2N 35%,
NN 59%.

ZEAMFT-IR)E [ Un[&] 4 F7R, 3042~2705 om* Ab Hy BRI IS UG U4 & T 32  E O-H K4 TR 514, 1686
em ™ Ak LA IR g VA8 TR L I C=0 Md4EdRzhIE, 1304~1263 cm ™ &b H LA IR ISCIE A 8 TR I
C-O [ 4EHR BN, 1465~1410 cm ' Ak H LIRS 4 I )& T Ak | C-H (5 ik 3hi .

W3R (LH NMR)#E B 4n €] 5 Frox, 78 6 = 12.07 ppm AL &8 T AN R & EiE, £ §=2.23
ppm AL T J& T 5 PIAN R FEAH B A ERIPYANE, AE 8 = 1.69 ppm Ab U U & T A O (R Bk BRI
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Figure4. FT-IR spectrum of glutaric acid
B 4. X=B& FT-IR &
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Figure5. *H NMR spectrum of glutaric acid
Bl 5. XK= "H NMR iZ[E
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AR, Chy-T WEAE R & BRG R T2, @Sk y- T WERFR A K 4-3R T BR 2.l
A, FREEMAERMEN FS COy MINARBUR IR X7 ik A BIE 4712 FR SR
W, PR T T2 g kg, Hoha suR R BRI T BT 201 4-98 T IR LB =22 Al FE #55
s 2 99.26% (HPLC), 723 97%. % &M LM TN = 507, HU LR LENRESR
e CO, MIEKE, RN FFAHRAN B 24 m, CO, MK IR, MuZ T2 A AWM. 7EEK
PR BRPF” FIRE ST, [ COMEMIE SR b2 M A MR TRE L . ARSCHTHR L y- T I G
BB R IDCE SRR ORI N R AL T — SR I R AR P T L

S E ik
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