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Homogeneous Catalytic Hydrogenation of Dimethyl Malonate into
Methyl 3-Hydroxypropanoate

Fang, Xiaolong™** Duan, Ning® Zhang, Min“ Zhang, Chunyan” Liu, Rui’

Zhu, Hongping™*?’
(“ College of Chemistry and Materials Engineering, Chizhou University, Chizhou 247000)
(® State Key Laboratory of Physical Chemistry of Solid Surfaces, National Engineering Laboratory for Green Chemical Pro-
ductions of Alcohols-Ethers-Esters, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract Ruthenium acetylacetonate and aminophosphine ligand were selected as the catalyst system and applied to the
catalytic hydrogenation of dimethyl malonate into methyl 3-hydroxypropanoate. With the focus on the catalytic efficiency, the
important factors with significant influences on the dimethyl malonate conversion and methyl 3-hydroxypropanoate selectivity
were well discussed, including the structure and dosage of the ligand, temperature, reaction time, solvent, and so on. The re-
sults revealed that catalyst system of ruthenium acetylacetonate and o-(diphenylphosphino)aniline ligand could obtain signifi-
cant catalytic results. Under the optimal reaction conditions, this catalyst system can also be applied to catalytic hydrogenation
of some other esters with high efficiency.

Keywords ruthenium acetylacetonate; o-(diphenylphosphino)aniline; dimethyl malonate; methyl 3-hydroxypropanoate

1,3-4 —-E%(1,3-propanediol, 1,3-PDO)/& & k&R EEHY
FEFR GEAER 1,3-PDO KIS0 %3255, H
B, 1,3-PDO il AL IRAT, WIERE K &S
TEPIRIR R L e R ALIED), seAM Y A BE L H
TR It AR 2 R A AT T R B k. BT
TR A A BR R A ER R TN S % SRR
B LA e 2, —BERSE 7T RO FF R L) AT LA 7R — R TS o &
% 1,3-PDO 47 A% 26 B 72 51 2 Ak 2 AT 5 ) ok
VL R R Wi (dimetyl malonate, DMM)ZE{# 4k N
AP EERAER RN WE 1 B, DMM B/

INEAR B a4y 3-F25 T ER F iE(3-hydroxypropanoic
acid methyl ester, 3-HPM), i —B &G B &&=
1,3-PDO. {Hj&, DMM 7 5 K AL IR S S A B R PR R,
[F] I 3-HPM ) g AL e d A2 RIS, Sy FEBR PR mi itk
AL B AT R AR F i (methyl propionate, MP)
SR R, DMM mRd RN % 3-HPM
FEIX— R S PR R A% O s D B,

H Al A R EE i & 2 48 H 1 308 2 A 4L
A, RSB AT R, SR AT RN
TR SEAE T mode B MR B H AR =4, AHEC T 2 A1k
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Figure 1 Reaction process for the catalytic hydrogenation of
dimethyl malonate
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B0 11 T 12~ i T i s 72/ % 1 o 10 B =& 2
TERER AN, A, SR RSB A L1~
L8(E 2), 4 il5 &1 I AT [Ru(acac)s] ZH B A 46 751 1
R, HRTHAH ZREEMAR R BIVER. [FR %GR
L1-Ru(acac); & &, W5 T W HEBZK5S T E2~E7(E

)AL I R
PPhy PPh, PPh, PPh,
N/
T T SO0

: PPhy HN B [Pth : PPh, <:PPh2

o O o O
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OH

E1 E2 E3
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o OEt 0
SoPyO mo O (0 [0
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Figure 2 Ligands and esters used in this study
1 HBR5WR

1.1 ELFIBIIFIE

1 1995 4F: Noyori 25! 5 18 % H i 74 A0 i i AR 4
R Ru(IDfEAL TR R PTA UL EE . B RIS
PN B LK, 1X— AR 2RI s S B i 9 BT
TEFENIREY. Tk, RATEEA S T % FB
BRI R Ru(Df &4, FERTh R T 2R A i
i3 B 25 22 TG 2500 1 I I 8 R AF 7 131300 (g gt
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FAEAFIR T DMM A& 3-HPM B¢ 1,3-PDO
45 RASELFE AR, 1997 4F, Elsevier 253 1E K
Ru(acac); 15 N4 @ A oRAk, 5 BEHEC AR AL 7 ik R
TE B, X — 1R R 0T RO A FE R — R R &
W SR, AR R PR AR R
W] DAL T B IR ES I AU B, 2010 4ELAK, Leitner
S — D X — AR RS T AR . CO, %%
TNEHME FE R R o T B INEUR S 7, S AR AN
FROAE AL S N R BT B IR B T R, FRATT 22 R
Ru(acac); FBEFZEC A AL R R, T DMM 44
AL INAL.

USRI L2618 e A RV, E 393
K. )46 Hy 577 7 MPa. R MEF[A] 16 h L& Ru(acac)s
AR &2 598 1 mol%. 2 mol%ac i 48 T it ik
AR RN PERERISZ . 4158 1 Fiw, L1-Ru(acac)s
ER MM RIS T 55%H) DMM #ALFR AT 45%0)
3-HPM YK (Entry 1, £ 1). AEBHE, ¥ L1 2800
i S8 o I IS IO AR L2 Tk A R R %A
HEATEPE(Entry 2, 3R 1), ZRMUSEER I RO O A
TS AT T L1 AR L3~L5 3 ) 2 R A 4 &R
T A E (4L iE T (Entries 3~6, £ 1). BAKK,
L3-Ru(acac); L iE A T L1-Ru(acac); (Entry 3, 3 1),
L5-Ru(acac); i L% PE 5 L1-Ru(acac); FEAAH 24 (Entry 5,
1), 1 L4-Ru(acac); ZEAE A #EALIE M (Entry 4, 3 1).
BT L4 Bk S Ru H0m BURA NN P- =42 S HLA7,
it 2 FOA IS FEE L, It L4-Ru(acac)s AL
K. ML, Bk LS 5 L1 AL, RSN 54T
A, TR B RIS A 2. L3-Ru(acac); fE1Li%
PEAE T L1-Ru(acac); A1 L5-Ru(acac); HIJE K, AT HESE H
F L3 SR R T BTk B 1) 23 e 7 B K BT, 78
FIF R RLZ&AT TR, BONFE AR B BCAA Le~1L8 4H
PRI A R 14 B389 22 (Entries 7~9, % 1).

F 1 KL DMM HNE SR 2

Table 1 Influence of ligands on the catalytic hydrogenation of
DMM

, ] Yield/%

Entry Ligand  Conv./% —70o 3500 MP _ Others’
1 L1 55 45 1 3 6
2 12 0 — -
3 L3 33 25 0 2 6
4 14 6 2 0 0 4
5 LS 55 43 0 8 4
6 L6 16 6 0 28
77 19 10 0 36
8 L8 9 0 0 18

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: DMM (7.5 mmol), Ru(acac); (1 mol%), ligand (2
mol%), methanol (10 mL), temp.=393 K, p(H,)=7 MPa, time=16 h.
® Mainly containing methyl acetate and methyl acrylate.
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BIHE

EEERUECE L1, % TRUAH B R
fEtERE sz, SRR 2 Pron. WTELEH, 4
n(L1)/n(Ru(acac)s) tLAE M 2 BF R REUAE T B4l
N &5 (Entries 2~4, £ 2), (& T8& T X — W ESA
FIF DMM [gIE &% Vi (Entries 2 & 4, 3 2). fHAE
B AE, ME A HBAARR, RN AR R JC A
(Entry 1, £ 2). ZxG UL EER, £ N 3CERATIEHY BT
=N 2 11 1 L1 5 Ru(acac); 1E NEAM FIEL A R IF
JEdE— DA

F2 L1 FHEXHEL DMM &R s @

Table 1 The influence of the dosage of L1 on the catalytic hy-
drogenation of DMM

: Yield/%

Entry n(LD/n(Ru) - Conv./% =2 3pDO MP_Others”
1 0 0 0 0 0 0
2 1 14 10 0 13
3 2 55 45 1 36
4 3 3 1 0 0 2

“ Reaction conditions: DMM (7.5 mmol), Ru(acac); (1 mol%), methanol (10
mL), temp.=393 K, p(H,)=7 MPa, time=16 h. * Mainly containing methyl
acetate and methyl acrylate.

1.2 RMFHHMIL

TEfERCAR A RS, BAT R & A43ET &
GutAk. e LR TR BEAIIT (A% L1-Ru(acac); 14 &
fELLHERE R, 45 R NR 3 FoR. MIEFERN 373 K i,
SR G TEAR, LA Rt DMM & (Entry 1,
%3). KR IREIR =393 K, MALEME RIS, R
% 8 h B3 44% DMM ¥4k, FHHUAZ 36% 3-HPM I3
(Entry 2, 3 3). %€ S N E] AT EE— 52 = DMM #4L
1 3-HPM i X (Entries 3 & 4, % 3). {H&, %It Entry
3 1 Entry 4 $085 7] AE H, 393 K XM 16 h Jaik RFIEAR
KBV, RS NI TR, ERPEL AL B AR =)
ORI Pt . PR R NIR 2 413 K, B4R 8 h Ik
ZEISLIL 50% DMM 4k, (H2 HARr=4Y) 3-HPM I3
B, NN 34% (Entry 5, 3 3). X 0] B2 H T 5 NI
MR FEURAE 3-HPM B ¥ B K S5 @I s B T .
I, 393 K 1 16 h 22 1A RN IE B RN it AT
.

1ECL BRFFL AR, SR B AR A ). TR R SR,
F i — D7 AR VR, 57— J7 LR Ru(acac); £
B Ru*', Ru® " SECAARBCALEAL A AR f A UL A
TR 0, Ru 2585 % & @ Ak & S A BEAE P K 75 3 R AR I
it B 56 19 S PO AERTIARF 7, BRATE MBS Ru
& @ LA AR A NE AL S, SR
AIIE, b4, Bergens SPGB TE KNV FIES 5
R A e AR A4, PASINE T FERIREAT. 7E
MHT R NAR R, i R AEEA TR S R AR
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3 RN EEAN [RDG AL DMM ISR R g2
Table 3 Influence of reaction temperature and time on the cata-
lytic hydrogenation of DMM

Entry Temp./ Time/ Conv./ Yield/%
K h %  3-HPM 1,3-PDO MP Others’
1 373 16 7 5 0 0 2
2 393 8 44 36 0 2 6
3 393 16 55 45 1 3 6
4 393 24 58 47 2 4 5
5 413 8 50 34 0 5 11

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: DMM (7.5 mmol), Ru(acac); (1 mol%), L1 (2 mol%),
methanol (10 mL), p(H,)=7 MPa. ® Mainly containing methyl acetate and
methyl acrylate.

REEA SRR, Rk, FRATTR A FR A DY &K R (THF) Y
BIIAE R, R e SRRy 10 mL, H5ET
R FH X L1-Ru(acac); AL INAMEREFIR2m, 455 4
3 Bk,

—A— DMM Conv. HEEl 3-HPM Yield
I MP Yield Others

A/A\ A———A

1,3-PDO Yield

Conv. & Yield/%

10:0 5:5 35:65 3:7 2:8 1:9
MeOH) : UTHF)

B3 A% L1-Ruacac); 4L DMM JIEL
Figure 3 Influence of solvent on the catalytic hydrogenation of
DMM

B 3 g5 RnT DU W, A BT AR R,
DMM #A4¢# DL J 3-HPM W Fiti 45 S i & 1 THF 4
ARSI 2 3 S B s BRI O L B AR 3. Y
FRPE AN THE 468520 50 2 A1 8 mL I, 4K REUE T &l
(RIHEAY B S 45 B, IE I DMM 346 % L) % 3-HPM Ui 4
AIEF] 86%H 75%, FINEEA %ISR — B Ina =
) 1,3-PDO ARk, BEAL, 75 F EEFD THF ARF15) 54 3 A
7 mL(EK 3.5 A1 6.5 mL 55) 5644 T, AR 105 AL
RBEgER. DL R gs R, 7 — 3 N SR R -THF
TR VAT AT LU 3R TF L1-Ru(acac), 404 2 AL N
MR, XEESET THF KI5IN, AR08 T NAE
AP HES RoERABBEASR AT RE, DLk
FRE o = A5 CO B AL 70 F 3R FE.

1.3 RYINIER

#%2 1 L1-Ru(acac); LA A G5B 07 INE )

KVPERE, SRR 4 Fon. & 4 PRTH BB > 745
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I 2. 3K 4 51T LA H, L1-Ru(acac); M LA L
4k 3-HPM hn&#l 1,3-PDO. X —45 R 5 L1-Ru(acac);
4k DMM I HLAS 8% 1,3-PDO WK 145 B — T (Entry
1, & 4), FEUHIX —IRH R RILAH f5dk— PR IE.
FHEC T AL AR E YA ZE B 3-HPM JI&, L1-Ru(acac); 7
IR N R DA RO AL 2- PR TR IR (E3) &
1,2-74 % (Entry 3, 3 4). L1-Ru(acac); fERMICIRE Nt
A LA B R R 2 T (B4 & ES)ER INEHIE L0
FRHEE(Entries 4 & 5, £ 4). BRI, L1-Ru-
(acac); fEA y-IX N BE(E6)INEH] 1,4-5% —KE, v LA
T T 56 4 (W D AL 2 A0 H AR =Y (Entry 6, 3R 4).

F4 HEBRBNEMOMHEALME R
Table 4 Substrate scope for the catalytic system

Hydrogenation yield/%

Entry Substrate Temp./K Conv./%

Product A® Product B¢

1 El 393 86 75(3-HPM) 8 (1,3-PDO)
2 E2 393 7 3(1,3-PDO) —

3 E3 423 83 82(1,2-PDO) —

4 E4 388 100 98 (MG) 1 (EG)

54 ES 383 98 97 (MPEG) 1 (EG)

6 E6 413 97 97 (1,4-PDO) —

7 E7 413 63 59 (EG) 54 (McOH)

“ Reaction conditions: Substrate (7.5 mmol), Ru(acac); (1 mol%), L1 (2
mol%), 2 mL methanol and 8 mL THF as the solvent, Py =7 MPa, Time=16
h. ® Yield of product A. ¢ Yield of product B. ¢ 2 mL ethanol and 8 mL THF as
the solvent. MG: methyl glycolate; EG: ethylene glycol; MPEG: ethyl glyco-
late; 1,2-PDO: 1,2-propanediol; 1,4-PDO: 1,4-pentanediol.

L,Ru
0 /
J MeO. |
R” “OMe © b=
R/
Ru(acac)s I?r/]Ph
+ H, P
PPh, — 2= L,Ru% I J
@[ in situ H/ E\I\H
NH, H a
He \ Ph _Ph
P
LnRu‘\/N@
Wb

3—HPM:\ y

R

L

A3 ER M2, L1-Ru(acac)s 7EMEALTR R 2 15 B (E7) 0
SHI IR O B RO, BRI T — @ Mg
M (Entry 7, 3R 4). 1EABKBRES 1 —Fh, BRIER £ e AT LA
MR 2R CO, Hil #1520, SR, T L
1PAE, R e R m, By inE™). Ding &'k
TEHRH, WA IRIR M lE S % S I E 1) omega i 727,
TEMEAL CO, FNIRE £ Jot 2% A il H AT 2 — R 2 ) 22
T EEERIMEZE. Ik, Ding VNI IRIR 206
T T 5 ) P I AR R 4 BR A R ) () B AR T R 2 —.
1.4 HENAE R AR

BT SCHR AR E DA R BRATT S A A A
FflH 13230240 i 7 Un i 4 R L1-Ru(acac)s fiE4L
DMM AW [ AL, B 5, 7R %A T SN R
Fi A Ru—H M N—H BRI G YR a. a
HHid Ru—H 5 N—H 7515 DMM B A H T8 R i
A TS, B A Rk 3-E AP R P R A R D% f
AR b, HER b ] LLUE S S TR [F 3
WS a, OUEILIEIR. BJn, =y 3-ER IR
g5 a @It BRI TS2, wAHEALA N B irrY
3-HPM. Zi& UL bR FEAT LLA H, a 2@ 454
N—H 1 Ru—H [RJ¥pE4E S0 &S B (0 fRE AL A 30
S N—H B A1) L2 Fifk 5 Ru(acac); T4 18
WA R, 15 F A & A E T 1) 5250 45 B0 E T
X— ML (Entry 2, & 1).

\/Ph
P
L, RUA\/N@
|
H b
Ho
Fhen
e P
Ln RU\N©
H "“H 4
Pen H
/P: 3 A/\ o)
N J
|_/| \H R H
1 R = CH,COOMe
=0 TS2

L, = other coordinated groups at the Ru
Rutheniumin a, b, TS1, TS2 are all Ru?*

B4 DMM AN 3-HPM A B2 S SiLEE
Figure 4 Proposed reaction mechanism for the reduction of DMM into 3-HPM

Chin. J. Org. Chem. 2019, 39, 1450~ 1455

© 2019 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1453



BHLE
2 #Eig LL 10 K/min FHi iR & 473 K FF7EIX—IELE F 4665 20

LA Ru(acac); M o- — 2 FE I e he) ST A b
FE R, BT DMM hi&] 3-HPM B 1,3-PDO, R4t
PRI T AR B s I P AT ) DA R 5 771 5 Je o 2% A
WA RE RS2, BRI, Ru(acac); F o- — 2R JE [
RIER RN 1 L 2B EE; thah, ML TEH
A VR, %P H RE-THF IR A VA7 i A SR THE L
RPN AR, fERAEI RBP4 T, DMM %%
EILF] 86%, HARF“¥ 3-HPM Al 1,3-PDO YLK 43 5
N T5%H 8%. X —MEAIR RIE— @ A& F T AT LA
GRS EE . - IRNER . TRIR L )RS5 2 Rl 2 0y
FHInA.

3 SEEEy
31 X5

fHE A0 R TE PE VPN SR L 46 SR DU 3 & 0 N A4 1
PARR 5500 & [E e N 28, SRR 100 mL. [ BEER
FHC %A SU6 5 LRI 88 (FID) . KB-Wax 43 4:(60
mX0.32 mmX0.33 pum)LL K& #&# Collect A A =1 H
BNHERE R (AS-2920) 48 37.-979011 A AH (i 34T 70 Hr

HZK, Cbt. THF LK R S5 A LV 770 K [ 24
£ 4] Figik ) A A ; Ru(acac)y Bk i T & Bk
DMM 45 i 25 46 & 4 DA B A0 R i & 7= 0 e S5 A
Aldrich. Alfa Aesar. R BB+ T 84k 2238055 A
"], SCrp Al AR L1 ~1L8 2% Uik vk A .
32 WK

S K TG R TG K IR E SR I FRfE Schlenk 57
AREEAE Mbraum FEH (0, fl H,0 & &K T 1.0 ppm)HH
BEAT. HHLEFR P, Ot THE 252 AL S, %0
SAA T A LRI EIUH. DMM S5l 25
S BRI R B IR 2 d R RST80T,
EAEAE T EM %M. B — B FIRRER 205 8 L3R
R EAEFEM B A,

DL, DMM I A5 60 & PP I AR 2k,
FREL— %€ & Ru(acac);« FC/R. DMM LK T 28k,
RS RG R N TFEM, BEE, HUIKOKAE
EREL 278 K, F Hy BB S =1kIF78 H, [JE /12 7 MPa
G, VSR E T n#E B N AT HR 2 38 e L R4
FE—E W), RFGERUE, DU ks EY) 278 K
HHELZPRARMEASR. &5, RN IA—E &R
X IRAE N AR, PR S) E AR g AT AT
AA T BAASEIN R RANE MR, HEE
FRHE N 25 mL/min; S A6 =R FID K355 5 53 51 N
533 F1 523 K; F&FFHREEFEUTT: 313 K 4E4F 5 min, J&
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