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Homogeneous Catalytic Hydrogenation of Dimethyl Malonate
into Methyl 3-Hydroxypropanoate
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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 consist of ruthenium acetylacetonate and o-(diphenylphosphino)aniline ligand could obtain
significant catalytic results. Under the optimal reaction conditions, this catalyst system can also be applied to catalytic hydro-
genation of some other esters with high efficiency.

Keywords ruthenium acetylacetonate; o-(diphenylphosphino)aniline; dimethyl malonate; methyl 3-hydroxypropanoate
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Figure 1 Reaction process for the catalytic hydrogenation of dimethyl malonate

A, AL P BRI N 2 6 F G AR AL TR, SR 2 P 20, B, SRR 30 T R S AL A 2% 1
T PRI H AR, AR LT Z AR B RO AR, draeck, [y U, T skl AL B AR (AL
INE AT & T A2 8 A SO AR, BG83 AT FUR, Baln, FRATE SR — B S A AL N 1) B IR
fig Jo & BT AT T R AUBE A0S, e bRt b, BRATHE— R0 R AR R B BRI A AL A, 3
IR R P BRIERCIR (L1-L8, I’ 2) , 75 B EIAT (Ru(acac)s) LRGSR, % 1 AL T BRI I
(KB Mk RE. AT R4 L1-Ru(acac)s R &, WHFT 7 HERERD T (E2-E7, & 2) MIfEMLInEERE

1 &R51R

1.1 IR TFE

[ 1995 4 Noyori MW ii & BUBSEC AR A BCAR M K Ru(U)HEAL TR R T AL S . B B ar L i
SRR, 3% — AT R 00 & i B P TS T RS R Ak, BRATR AL A R T 2 Bl L A R
JSH R, FE TN TSR TG I8 07 R TG 5 22 P i 28 401 O In U S EFF 7 v 30, (L stk 284 A 750 2 P
DMM AN ] 3-HPM B 1,3-PDO I &5 A #1481, 1997 48, Elsevier 25UHR i 5 ] Ru(acac)s 1E 94 & B 4R f2,
5 B R BRI A R FEHERE T, XA R A SRR RIS o Tl B, 2R T
RBLIX — PR A 2 0 AT DA AL 55 B IR A AU B 2010 4ELLK, Leitner ZEM8IiE— 5o i — (AL A 2 5

PPh PPh
(X, e 10
NH, NMe, N= N="N
L1 L2 L3 L4
PPhz PPh, PPh, PPh, o o
SO G O G L
N= ~ NH, NH, NH, \O O/
L5 L6 L7 L8 E1
o o) o) o)
)k/\ ~ ~ °N & OFt N0 >
~o oy O o t0 \Oé >=o
OH o) e} Y
E2 E3 E4 E5 E6 E7

B2 e HIBIRBCAR RN R A &9

Figure 2 Ligands and esters used in this study
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Table 1 The influence of ligands on the catalytic hydrogenation of DMM

NOTE

Yield / %
Entry Ligand Conv. /% T
3-HPM 1,3-PDO MP Others

1 L1 55 45 1 3 6

2 L2 0 - - -

3 L3 33 25 0 2 6

4 L4 6 2 0 0 4

5 L5 55 43 0 8 4

6 L6 16 6 0 2 8

7 L7 19 10 0 3 6

8 L8 9 0 0 1 8

# Reaction conditions: DMM (7.5 mmol), Ru(acac)s (1 mol%), Ligand (2 mol%), Methanol (10 mL), Temp. = 393 K, P¢i) = 7 MPa, Time = 16 h. ® Mainly contain-
ing methyl acetate and methyl acrylate.
THEVIRR . CO, SN EAME LB m ) 70 3 RIS B Fe b, BB AN RO OB BOR. 3T Bk et e, 18
IO I AT =R Ru(acac)s AR LT (A K BLAEAL IR &, BT DMM S AL N AL

Ll SCHR SN 25 PEDS BRATT Y SE LA R ONIA A, #E 393 K. WI%A Ho 577 7 MPa. JMiif[A] 16 h LL & Ru(acac)s
ANECAA R 57093079 1 mol%. 2 mol% ¢ A F 5% 1 BoiA X ik R AL ISl Pk BE 2. W3k 1 Far, L1-Ru(acac)s 7£ 5 M
FAFTNEUS T 55%I(1 DMM #4631 45%01) 3-HPM 0% (Entry 1, & 1) . A2, 4 L1 G5k b e B ey Ak
B3 Ee ik L2 TR AL i R B LS YE (Entry 2, £ 1), MU S I SCiR A iRIEM ). 74T L1 etk
[ L3-L5 7375 2 B AL 7R R 3R I T AN R AL S REvE A (Entries 3-6, 3% 1) . Aokl L3-Ru(acac)s L%
PE{XT L1-Ru(acac);(Entry 3, % 1), L5-Ru(acac); 4L 145 L1-Ru(acac); ZEASAH 4 (Entry 5, % 1), 1fi L4-Ru(acac)s
MEEA B A AT (Entry 4, R 1) HT L4 BAfA S Ru 0 AT BURA NN P-=A 2 S HUAL, i 2 Fofr B B 285 1t
Hule, Rk L4-Ru(acac)s iR TEAR. AHELZ T, Fofk LS 5 L1 AL, RAML S &8 08-S, Bk ik R aE0E
PEAEY. L3-Ru(acac)s fi 1L % A% T L1-Ru(acac)s Al L5-Ru(acac)s H 5 BRI AT B8 2 i T L3 45 #y v U5 1 T i 2k Bl i
(VAL BHAR T L. AEAR R BORLZR AT, BONZTRPOR K BRALBC I L6-L8 73 7 L1t ) fHE Ak ¥4 2R 1 BE 4 5 72 (Entries 7-9,
®zD .

R 2 L1 HAEXEAL DMM NS M 5 ¢
Table 1 The influence of the dosage of L1 on the catalytic hydrogenation of DMM

Yield / %
Entry n(L1) / n(Ru) Conv. /% 5
3-HPM 1,3-PDO MP Others
1 0 0 0 0 0 0
2 1 14 10 0 1 3
3 2 55 45 1 3 6
4 3 3 1 0 0 2

& Reaction conditions: DMM (7.5 mmol), Ru(acac); (1 mol%), Methanol (10 mL), Temp. = 393 K, Pgz) = 7 MPa, Time = 16 h. ® Mainly containing methyl acetate
and methyl acrylate.

EFRMACAR L1, BATE— P8 T AR R IERE R, S5 Rk 2 fos. ATRLEH, 4 n(Ll) /
n(Ru(acac)s) LAl N 2 Ik REUS T S AL R Ri 45 5 (Entries 2-4, % 2) |, & TEE TiX — HE AR T DMM
BeENE M. (Entries 2 & 4, 3£ 2) . HAAERNZ, L&A AR, AR THELENE (Entry 1, £ 2) . 48
G UL SR, 7 SCIRATE I EE R EE R 2:1 1) L1 5 Ru(acac)s 1E AEAL KL K R IF it — DA
1.2 RMNFHHRK

FEREFCARE A A B S, AT SBLFA AT KRG, BATE H 5 TR A X L1-Ru(acac); 74 &
AL PEREREE, 25 R N3E 3 . MiRE )y 373 K I, MR RIGTERAR, HELAA 2t DMM In& (Entry 1, &
3). B SRR R 393 K, MEALIEMEN] B, N 8 h B SEH 44% DMM %44k, FHU1E 36% 3-HPM UL (Entry
2, %3) . HEK S E AR = DMM AL A 3-HPM W% (Entries 3 & 4, % 3) . {H&, XLt Entry 3 /1
Entry 4 (45 7T DAE H, 393 K S 16 h 5K RIEAL P4 ARER e K NI [8], A EE A0 H AR = 3 6
AR E. SRS E R PIRIZ R 413 K, B 8 h WIRRIISLH 50% DMM 4k, {H2 HARr=4 3-HPM W34,
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Table 3 The influence of reaction temperature and time on the catalytic hydrogenation of DMM

Yield / %
Entry Temp. /K Time/h Conv. /% T
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

# Reaction conditions: DMM (7.5 mmol), Ru(acac)s (1 mol%), L1 (2 mol%), Methanol (10 mL), P¢) = 7 MPa. ® Mainly containing methyl acetate and methyl acry-
late.

N 34% (Entry 5, 38 3) . X AJBESE T S B ik 5 S 30K A 3-HPM B AL FR I I /K S FI OB AT 8. (8] 1, 393K Al
16 h A2 A R BN A3 R N L P R ]

TELL BT, BRATRA R EEE NN, BN, FE— e NER, 75— HERER Ru(acac); £
Ji RU%, Ru?* 5 e AR E A7 J5 A7 A A A 751 (P FHEOL Ak A 0, Ru 283t 4 B AL A S AR A K5 5 2 1 i e
e i, ZERTIART A, BATRBIREES Ru &8 B SR TGO 5, S AL b A ks e,
U4k, Bergens ZARiETE /N THES 5 RUPE AL e AL RC &9, FEAS NG FE A7, 78 2 e Bk &
it 2 FEEMAFERE W RE S BUR A& LIRS RE. [RIk, 78 NSOt AH, AR A FEERIIUE R (THR) B &V
VEREEF, FEE 2 EFEAARN 10 mL, 5% 7 A &5 L1-Ru(acac)s AL I MERE AR, 45 RanlK 3 Fiaw.

M 3 5 5T LLE Y, A b T AR 9 iA 7], DMM B 4L R DL K 3-HPM USSR B 25 S B4 28 THF R R 1
IS I S B0 5 AR AR K Ll AR Al %4 24 AT THF /R4 5109 2 mL A1 8 mL I, 1K RS T B AL 2
RiZER, I DMM B4 LK 3-HPM W7 5ilik 1| 86% A1 75%, [FIINHE A 8% i — A =4 1,3-PDO 4=
. BeAh, EREEA THF /KA 2058 3 mL A1 7 mL (2% 3.5 mL A1 6.5 mL 25) 4 Rk R WEUE 710 57 B4 SN
GE. DL RS RULHA, 7R — o A SR R RE-THF TR AV 7 AT DUA 2032 T L1-Ru(acac)s i A6 7144 & (1 f v in & v g
TAVANX FESRT THF I5INE RORGE 7 AR R S RUP R FIZE b S S 0 4 1 1 ] i DL F 4 it
7= CO FEAUMEAL IR HEFE.
1.3 KYBHER

BAMBH%E T L1-Ru(acac)s A R S5 FIE 2870 T INA R R NVERE, 45 Rk 4 FioR. R 4 R AT BIEE 289> 145
WL 2. M3 4 S5 AT UG H, L1-Ru(acac)s M LAV 2 fi#dt 3-HPM In&i 1,3-PDO. X —45 515 L1-Ru(acac)s fiEfk
DMM A HL43 8% 1,3-PDO WCE 4R —3 (Entry 1, £ 4) , SECHIX — IR 15 KR A ik — B850,
Fe b fa e M 221 3-HPM A, L1-Ru(acac)s 75458 SO i B R ml LA &b 2- 32 B IR FS (E3) &l

—A— DMM Conv. [l 3-HPM Yield | ] 1,3-PDO Yield
B 3 VP Yield F 1 Others

Conv. & Yield / %

10:0 5:535:65 3:7 2:8 1:9
V(MeOH) : V(THF)

B 3 I L1-Ru(acac)s fiE b DMM Jn& i
Figure 3 The influence of solvent on the catalytic hydrogenation of DMM.
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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)
5¢ E5 383 98 97 (MPEG) 1 (EG)
6 E6 413 97 97 (1,4-PDO)
7¢ E7 413 63 59 (EG) 54 (MeOH)

2 Reaction conditions: Substrate (7.5 mmol), Ru(acac)s (1 mol%), L1 (2 mol%), 2 mL methanol and 8 mL THF as the solvent, Pz =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 glycolate; 1,2-PDO:
1,2-propanediol; 1,4-PDO: 1,4-pentanediol.
1,2-I W% (Entry 3, & 4) . L1-Ru(acac)s fERURIELEE T 7T LUA ML F IR NG 70 T (E4 & E5) 0 Infi] L IR
Fig (Entries 4 & 5, & 4) . #E— P 7L, L1-Ru(acac)s AL y- Wl (E6) Il 1,4-5% —F¥ il URASHE T-58 4
R VIEFAL AN B AR =W (Entry 6, £ 4) . (EfHERMZ, L1-Ru(acac)s fEMEIRIR C Ml (E7) Ina i F g
MO BRI RN P HRIH T — & FEAENE (BEntry 7, R4 . MERBRIRERI—F, BRIR L J5 0 7T LU 2 b2
CO, il &33P, SR, o THLHOEEMIIIAEAE, TRIRRE fa e MR 5, B i), Ding 2 MRIE T, METHIK L
A e 2 S UM “omega 1R FEMEAL CO, FIFRAE LIt e A il FR R Al 20 W 2 [B) 4458 T — R BT HOAR 2. DAL,
Ding S5\ e R HE BRI <945 P N 220 F1) P I i ok R e U 1 el Y PEAE T S 2 —
1.4 #EMEY R MHE

BT SCHRARE AR BAT R R AL 3T A A RT3, JRATTHE T 40 R B 4 TR i) L1-Ru(acac)s fiE 4k DMM i
SRR, B, (RN T RN RS TR B A Ru-H A1 N-H B Re I AE D M a. BHH, a
it Ru-H 5 N-H 73715 DMM BREAEH, TR UL JEAS TS1, JFiE— P 5 A0 A i3-S AP R FR TR A0 A B2 LA B A Al 711
tiE A b, iR b A DOE I A S TR B ENEERS a, SCHUEAIERS. &JE, TR 3-A NI TR S a il
RIS TS2, RAHALERE R4 3-HPM. 35 L BSOS FER LI Y, a 2454+ N-H A Ru-H [
PRI P SERUIN U S O HEAL A 3. B 30rb AN S N-H B RERIAY L2 Bk 5 Ru(acac)s i BRAEAL 74 S 7E S B 26 AF
NV A T (1 S8 45 AU I SAIE T X — [N HLEE (Entry 2, £ 1) .

PT/Ph o
~ P
& T el I
o [N ~ S~ \_‘ R” H
)J\ Meo s HH R MeOH
R” “OMe \C=O/ TS1
R™ Pr{ Ph
e
Ru(acac); PT/Ph LnR“\Tn
+ H P
PPh, —— > LnRu< P H b
©: sy /"N H,
NH, H HH oa 4
Ph
Hz/‘\ P o /Fl,/Ph
/P/ LnRu\N@
L,Ru Z _7 N
"TSN Ph H HoHoa
. e
T A
3-HPM = oK d M R™ "H
>=C=C§ TS2 R = CH,COOMe
R L,, = other coordinated groups at the Ru
Ruthenium in a, b, TS1, TS2 are all Ru?*

4 DMM fEAINE ] 3-HPM 1T &8 {1 S B AL P
Figure 4 Proposed reaction mechanism for the reduction of DMM into 3-HPM.
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AL X LA Ru(acac)s Fil o- — 2R3 B R e h4 i3 AR AL AR R, S H T DMM In& i) 3-HPM 8% 1,3-PDO, R 4K
T RO S R P FH R[] DL B2 5 771 55 I 2 2% A WAL 1 BE A2 B 90 B, Ru(acac)s FH - o- 2 5k [ 2 Jiig %
IREEA 12 BONESE; A, ML B EEE N, R B EE-THF 1R A A SR THE LTI R AL I A
PERE. TEARALIR P26 T, DMM 4L 2185 86%, Hbrr=4) 3-HPM Fl 1,3-PDO WL H5371I2H 75%F1 8%. X —{iAL
TR RAE— 58 L2 N AT DA RO AL SRS . y- IR NG BRIR LM B S5 22 R R 2R T IO N AL.

3 SKWERS
3.1 UFE5EH

2. Ot THFE DU EEEEA LA I 5 3 B 254 1 ki AF ;. Ru(acac)ss FLRA BT 7 5 R DMM
SEREAL A LA SR R A= S - Aldrich Alfa Aesar. B 7 8% DL BT 7 T 2540 3R A 7). e A P I A4
L1-L8 Z% ik )y i 4 k2oL,

'H NMR #1 3P NMR #llit 7£ Bruker Advance 11 500 MHz 52, & CDCl; 8% CDg ATARIAR. MEALFIEPETE
R FBC %45 5 DU 3 205 P4 ) PARR 5500 7 i I B 48, SR RN 100 mL. s B yRCR F G 46 006 3 T A0S I 2%
(FID).KB-Wax {43 41:(60 m ><0.32 mm =0.33 pm) P A 7 ik Collect 24 ] A4 7 1) H ZhdE AT 25 (AS-2920) f 48 32.-9790I |
RS H R AT T
32 ZWHE

SERS TR P I TR TE /K IR AE 2K F FRHE Schlenk Hi AR B(TE Mbraum F£4 (0, f1 H,0 & &1KT 1.0 ppm) it
7. APUEFIR 2R, Okt THF SR TG, ZUA50 T FAVER & 4 RS BUH . DMM S5 AR RS F A4k 5
BOOKIRREEZRmBFE 2 RIEET R T A, MAEEFER A, B = HESFIIKER £ M58 B8 2818 5 i
EEFEHTEH.

DAL DMM NS {6 B0 B & VP R 1 %%, FRE— € & Ru(acac)ss AifE. DMM DL I T4,
SN SE R A TR BEsE, AUOKAEISIRE Y 278 K, A Hy P =1k IF78 Ho 5 /1% 7 MPa. 285,
KSR E T IS E PN THE 25 iR IR — e el N SERE, R SRR 278 K IRHEL &
PR ASR. BJa, RN I — & &X = HRAE NN bR, P55 A GRS T 2. SO Gk it &
EBHAINT : K N VE SR, 1 HRE Y 25 mU/min: 4620 FID A 2835 4 A 533 K A1 523 K; F4
IR FE AN R : 313 K 4+ 5 min, J5 LA 10 K/imin FFEi 2 473 K HAEIX — L N 4ERF 20 min. fR4E T35 B
PR TR e TR AR AT G A Z R0 2 2R (1) 5

%5 Bh M 8L (Supporting Information) 3 43 175 11 B4 K s = 0 B ASOAR i B, X SR RE T DL G B A A T R 3y
(http://sioc-journal.cn/) b R %K.
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Homogeneous catalytic hydrogenation of dimethyl malonate into methyl
3-hydroxypropanoate was systemically described in this paper. The catalyst system
composed of ruthenium acetylacetonate and o-(diphenylphosphino)aniline ligand was
proved to be efficient in this reaction.
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