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Figure 1 Downstream industry chain of methyl propionate
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Figure 2 Synthesis of methyl propionate by propionic acid
esterification method
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Figure 3  Synthesis of methyl propionate by methyl acrylate
hydrogenation method
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Figure 4 Synthesis of methyl propionate by propanol oxidation
method
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Figure 6 Synthesis of methyl propionate by dimethyl carbonate
and 3-pentanone carbonylation method
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Figure 7 Synthesis of methyl propionate by ethylene and methyl
formate carbonylation method
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Figure 8 Synthesis of methyl propionate by ethylene and carbon
dioxide carbonylation method
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Figure 9 Synthesis of methyl propionate by ethylene and carbon
monoxide carbonylation method

1.5 HiEmGZE

TEE RN IR F ER (U, I8 — S5k v ik T
SRS WP B, AR T SEBRAE . i, L
T B 1 LA % 2T A A e A 2 4 2 b 28 07 2 AR
Fo IXELTFVEAEER T AR S I0 = MU 1) S 56 Hh R B
T HAMRE A BB 71, AR R S R AL T T
(AT BB o X 5y I S5 o I FH R DR R A = v 5
— SRR R A .

1.5.1 RILBR MM E  RILMEMIEE %0 H MeOH
¥ RFLIR B AR N FLRR S, AR5 K a-MoC 1L 7]
T I U R RORE PR FR R R A MP, 1% T
TSt RN R an & 10 FroRbl. BARZ TS
EHEMA T2 = A B, (Hl TR T “RiE
7 WA, T DL S AR Y SR D v
DMER T =5, A R RS

1.52 Bk BRI E 4 KA AT B AT R
PR BRG MP, 1 %6 CBRE AR NAD(P) TH2- T
B 38 7 8 2- T /i, 4R J5 Baeyer-Villiger /il % B [NAD
(PYHPK 2- T Hi AL N MP,  Je B B2k an B 11 Tt

O

A

+ CH,OH
RHW%
0]
E 10 TEFLER AR & A R P g
Figure 10 Synthesis of methyl propionate by polylactic acid
degradation method

O
)K/ 0,
/AéMWWéngp
NAD(PH
OH O
A ~ A

Bl 11 B BRI T e
Figure 11  Synthesis of methyl propionate by enzyme -catalysis
method

%51 MP IR B N 43%,  H i AL T 5258 S HF
TR B .

2 ZHEM—EUHRRE LA NRRREENE
k&3l

Pt 25 SR A 1) A e R A o e 2R A 1 R BOR )
TR &, LN BE g K. I H M5
BB AN IS T 75 1) CO Al MeOH J5URE,  HARMEAIG
BEHAGE, NFEIRMP B AR B 17 A 1 iR,
BN T % TEON T I KR BRI BE T . O L
R, LM AN — AT B I A N 58 7T A TR T e O
PE, AR, XRS5, by
AHTA BRI R SONHESHRE. GaFE
MP ()2 N T RGBS B 1 3
PARA R, LA — A BRI S OMP (1 T2
H 2k B E AR AN B R, 5 SOR AT
X AR AN — E AT AR S F B Y R AL 7R R AT
IR P RSP SE

2.1 SHECEYIMELT

B A& WMtk 5, 0 [Co(THF),] [BF,],s
[Co(CH,CN),][BF,], Al Co(BF,),*6H,0 fit &%, 1
O AN — AR R F b e 7 A SR T HH A R i AT



486  LIEOIFL—E5 A RHLEF P THE, 16(5): 481-499(2024)

Pho IXEEEALR LLAE ST R Juim itk by, AMBEAIR
THEACHIR A, i s T LEMAFERS, BR
RS AR BAE 2R, (Hfr e — ek AR
R, BN, MR EWA R, BRI
AN B3 AR eI BV FE KU o R, SRSB4 T Y
SRR BONHZ), 75 B vl e e S A o 2%
AN T RERE, TP T H A
RSP 7 B RE A AR — R I AE, 5 2t — 2D
W FEA i .

22 BREEYIMELT

BRI AW R RER R T R — S B R S 1k
4 B MP, Robertson 2585 i 1% £ Rh(acac)(CO), {E
AT, MP IR &3 1% 0T LAk ) 34%.  Mizoroki
25I95F % T RhCly» 3H,0-CH, L AL 14 2 T 2.4 Al —
AR IR N, 16 R BLIR SN 156°C, R B 77
N 6.0 MPa [45 #L F, MP f 3% £ 7 LLIA 5] 100%.
B, BERCADMEAFITERE I fE,  [FAREAFEfE AL
FIEEE NG AT 72 1) 1)

2.3 STECEYIMEILT

WF 0N G2 [RIRE 6T FC & A AL 7R HEAT T IR N
Fi. Hidai ZF 0657 LA W01 AR 0 208 Fl— Ak
WP & CMP AL TR PEHEAT TER L, WE AR I
FAE FH Ruy(CO),, ME N HEA RIS, BIASEHRE 8 I
FEFE]190°C, RMEFMAEE . SR, EA
MY JG AT T R T . EARE R, A
AL T LA A S . M N AL 4 S CHL L
Phl. LAFILMMALAIT, SR 5E m 17 KME S0 £
AR FE YN CBRE . 2432 URu LLR, MP )
RS . 2RO ERN 190°C, N K]
796.5 MPa, PhI/Ru=1 [{{& 4L T, MP I3 a] DLk 3|
57%. A Nal. n-Bu,NI. Ph,PI%55E 1 Hib )R,
SRS LM U KR 2, IF B AR
YIFEENMP. Bfi% URu b $27, MP [ 04X
Wt AE NG N 190°C, JNJE J1N 6.5 MPa,
Nal/Ru=10 [ 154 F, MP IR ] LUk 5] 92%. A
it Uk LT A R AR OB S A T2 I R, SRR
J7 ZOUF & T RuCl,-Nal-NaOH-DMF i fk. & % F T

AL IR RN — BB TR S N o T 90 R BRAE S B 3
TR 2,2 25 5 T 2 S8R BRI =49 3- IR, T g
TR AT LA 1% ) B AR, $E T MP I B
SR ZONRE, BT A T Ru* AT A1 MeOH A=
R GRS, INNE B NaOH 7] LAAT R gl 7= 20 i)
AR FAh, RuTS 5T RAAAIE R B S B
TR, 7R ONAR R NN DMF /B N LA 5 Ru®
A BBE A YT LUAT X8 S Ru Rk AR EALIE R S B . 7
SN N 120°C, [N 7379 1.0 MPa S 3L F
MP [ AT L% £ 92%

24 SEECEYIELT

241 REBELCHA—EHEZ AR EIE HT
B BERET LAY N T 2R w2, 7B
e ) SN e B 5 I R e 0 T A RE 3R AT B ) S R T
o PR, BRI R T LG @A A M A O R S
GUMEAGT . BRRCA YRS AT BRI S
R R TR IR R R A AR B B AL 1) 206 N — A4k
T S A S AR AN ] B (AR FR AL EE, Gn & 12
Fonte2 - AJEIR DL PA-H AL TE IR, IRIRE D)
Pd-%iFE(alkyl). Pd-FEFE(acyl) H[E] 44, & AE R MP.
B i ¥F LA Pd- F 48 3 (methoxy) AMEALIE VIR, 1K
2 [Jj Pd- fig 3 (ester). Pd-alkyl " B 14, #x & 4 %
MPUO64, S I0E IR W5 0T BE A AL AL EE,
W TAE# AT TIRAWE L. TR R, M HI[PACI,
(PPh,), IfE NI, TER MR R F 78 T BA
1) Pd-acyl # [#] #&[Pd(COMe)CI(PPhs),]. [Pd(COMe)Cl
(PPh,),] 5 b Bt S R ] DAAE BSOAH 2 e, 9 30587
NS AER R JG P DRI AT . S IRER, i85
2 T Pd-ester 77 [8] {4 [Pd(COOMe)CI(PPh,),], 7F %
MALEEB 1, 245 0] LG N [Pd(COOMe)CI(PPh,),] )
Pd—C B 1T ik Pd-alkyl H (A1 . SRT, W 50 R 304y
25 tH 19 [Pd(COOMe)CL(PPhy),] A~ 5 I & & AR e Jwilo%)
A TCUERY, M R0 — S A B Bk B AL 2 DL PA-H 10
WLFEBE4T SR N« Vavasori 2001 3 6] 184k A4 2 vp i
AR R HERTERR A SR E L, S B
FHan, & RI[PA(COOCH,)H,0](PPh,),](TsO)7E f
At FE A AN B EAE F . Cavinato 251676815 B BJI {5
K H1 Pd-methoxy ¥ FiAE R MEAL T, K1 200 4k



TEY, 5. NRTEEEL SRRV TR 487

HNPA-HPFR . FRWE S ANGERT 1 Pd-H fE AL ALEE [
B

gk BRI, L0 A — A AR Bk SR A I BT EE
Pd-Hi&f%. B, PdRTARLERR(E IR AE T Tk
PAd-HiG WM, B 5 405 PdBCAL I HIE 8 4G
Pd—H ##J¥ i Pd-alkyl HH [ {4 . 4235 CO 5 Pd iC s ,
I 3 48 N\ B 5 Pd-alkyl #) il A= ik Pd-acyl 47
Flo BJ5, MeOH 3%t W Pd-acyl W [ f&, K A1
fift |2 45 2 MP,  If 5 8 A= Bk Pd-H 3 1 9 #pL0,
Galvanin ZU7O7E U B85 AT T 20 A — S8 A0 B
FAC BN 2 5T, S5 RR W], MeOH I B¥ il
ISR 0 R — S AR F A S I P s e 45 ) D IR
242 BEAGAEFRET  TELHA— RIS
S B, AR SRS A S B R A P IR, X
BRSO S PE AR B EAEAR KAR R E IR R AR
A R R 1) S v R AR (Pd-acy] Hh T 440) 16 45 46 A
Jii o Pd-acyl H (] 1) 25 4 A J5T 52 3] 9 150445 11 8
SO, X, AEREX A FE R P-PAIC &
YMEATEAT T2 B RS

TEWEFL CO 5 M e 3 5 A8 B BRI (PKC) 1D vy 205 4 4

e, Drent VR L, = ZRIEBEPPh)AIL, 3-X
( = 2% £5 %) M It (dppr) 73 71 5 Pd JE B (1) PPhy-Pd Al
dppr-Pd B & WAL, FE/= Wik B0 AR AN TA
HARKYL, PPhy-PARCEVIMEA A T EA B MP, 1Ei%
HEALFIER T, MeOH 41 A & 3555 #% 1 I Pd-acyl
Hoe o, (R RE AR S N R AR, EEFEYIN MP. M
S, dppr-Pd Bt A P A0 70 T 3 AR R A R
PK, fEULMEAFIER T, MeOH 3%t B Pd-acyl 1
IR R 2R PR, 1T 405 CO 28 Bl N I RE K
PRI R R N AR EEAT, R
=7 TR PK.

TEAE AL SN 2 P BC A 90 P REAEAE IR IR
PR, WE 3R, B8, RAEIMNKMEE AR
ARG R N, R, A B AEAE ¥ dppr-Pd BT
G LA AT RE R KRN, AR BCPK PR . T (RN A
TN RN 2 204 2L (¥) PPh,-Pd i 4540 5 1) - B A I o
IR, HERMP =),

Smith Z5£2L MeOH i 7, 7F H R R (i ik
ARG SHL T, WHIT T S B A0T P-Pd i & M AL
ANEVERIFEW . BT SR, AE P/PA JBE R P s 1

C,H,COOCH,
Nk (rapome /<
A MeOH B
[Pl [Pd]‘( [PdWOMe [Pd]_<OMe

>

(€0)

C,H,

E12 AR EDEAT ZAE A —E AR R ST EE(A: PAd-HPEFF; B: Pd-OMe EH)

Figure 12 Reaction mechanism of palladium-catalyzed ethylene and carbon monoxide carbonylation (A: Pd-H cycle; B: Pd-OMe cycle )
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1 dppf 85 6.8 1/1/20 1/1 27 96.4
2 dppomf 85 6.8 1/1/20 1/1 100 101.3
3 dppomf” 85 6.8 1/1/20 1/1 100 101.8
4 dppo 85 6.8 1/1/40 1/1 100 164.9
5 dbpmf 100 1000 1/5.3/1.5 9/1 100 —
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Figure 18 Aryl-bridged asymmetric bidentate phosphine ligands
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Figure 24 The acid ionic liquids employed in the ethylene and carbon monoxide carbonylation reaction
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Abstract: This article reviews the research progress on the catalytic synthesis of methyl propionate, focusing on the various
catalysts used in the vinylene and carbon monoxide carbonylation reactions. Methyl propionate is an important organic
compound widely used in the food, cosmetics, and paint industries. With the continuous expansion of its industrial applications
and the increasing market demand, systematically sorting out and summarizing its catalytic synthesis methods has become
particularly important. Traditional synthesis routes included esterification, hydrogenation, and oxidation, but these methods often
faced issues of poor economic efficiency or environmental pollution. In recent years, the carbonylation method using vinylene
and carbon monoxide has become a research focus due to its compliance with the atomic economy, no by-product generation,
and reduction of environmental pollution. This method not only meets the current societal demand for environmental protection
and green initiatives but also holds significant theoretical and practical value.In terms of catalysts, most current studies use
homogeneous coordination complex catalysts, especially phosphine palladium catalysts. These catalysts are widely favored due to
their mild reaction conditions and low dosage advantages. To promote the industrial application of this technology, researchers
suggest developing more efficient and stable phosphine palladium catalysts and exploring in depth their inactivation mechanisms
as well as the development of new reactors that simplify the separation process of products from catalysts.Specifically, when the
phosphine ligands had larger substituents on the P atom or exhibited larger P-Pd-P bite angles, such ligands could significantly
enhance the activity of palladium complex catalysts and the selectivity of the target product MP. Additionally, the selection of
acidic promoters also had an important impact on the reaction rate and stability of catalysts. For example, although boric acid
salicylate acted as a promoter with lower catalytic activity, it could significantly slow down the alkylation rate of PPh, and
improve the stability of catalysts.In conclusion, by optimizing existing technologies and exploring new synthesis pathways, the
carbonylation method for synthesizing methyl propionate is expected to achieve wider application in the future and provide an
environmentally friendly and cost-effective new alternative route for the production of related chemical products.

Keywords: ethylene; methyl propionate; catalytic synthesis method; complex catalyst; metal oxide catalyst



