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2 ¥ EB/EM Ru(OAC) (PhP), AI N, N--[M- (XXX T PFRIZ (¥
PNOEDNRAN - EFAXPEYIREN. A HAERTAFENEEREANITEEY
Ru(OAc),PN, + 2H,Of1 X &-RuCL,P;N, - 2H,0. 3 HA RS WHTT TEAH.IR £ NMR
FE. EEE1.0E 3. 0MPa MIENER 30 E 150CHBEEA.HRAT EMNML o, BFRERN
BYLLER. £R320, ERAWIAM S EWREMFGFTLARRRYARYAAMLN.

x@i7 FEEBREGE, R, RERNE, AR

KPILE BEMNTASYWEILAR ™\

MY A—-EZRANSER. BE,.X =N N==
B ERITSSGYEHERYY. AHE.F C( @
HEXBRESTREYHELR FATA PPz - PniP

HEL BRATHENSERD. MHESER g: vvascremzEszz-g
&, TUHEFEHEHZ S YRIRECR Fig. 1 N,N’-bis{o-(diphenylphosphino)-
M. End.CEREFHRERE benzylidene ] ethylenediamine
B4R HRTRE. (P;N; for short)

Ru(OAc),(Ph,P), B R EANMARERRREY. BEAREY . B4R TH
ERELNTE LY. BERRTHERNESY. PN B— S RERER A N EE
KED. IEHFRER BREREFE, XS REET 4 FEANE . IR W G
RE&SSREMLT. RAFRFAA Ru(OAc),(Ph,P), M PN, RN, &R THAHE
WERTSEY FERNAGTERT ENELRBRO LR,

L B B 4

1 {IBEPNHE FTANARERMERSATHST BN _EREMPERERE
MEFM4L. BRSNS E. . FERAEEIBERS BEMRER, ARS8
{£. Ru(OAc);(Ph,P); fl P,N, 4 BB XM A A TXAFREAFEB ¥k
W AEVAL XTI RTEM. 403 B Hitachi 270-30 X Digilab FTS 45 41 4h 68X 3
5. F JEOL FX 90Q =% JEOL EX 270 B3 #R{X , 4> B LAY E &4 =L 85 %6 49 H,PO,
JAE, BEH M7P NMR .

1.1 Ru(OAc),P,N, - 2H,O0 & ¥ 15 ml —EHEME Ru(OAc). (Ph,P), (0. 372
g, 0. 50 mmol)# P,N,(0. 303 g, 0. 50 mmoD)MBESYF . M{EF 12L B, BLERN

1994 £ 3 A 15 H|H.
» EIRKEA.
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W 2HEEETESI~200E., 2% 5cm), FHMESER WETEHBE. RER
BHE.BR 0.26 g LA METREY Ru(OAC),P,N, « 2H,O, X 62%. 154 216~
219°T (4 8. TE 41t Ru(CH,CO0), (C, H, P,N,) » 2H,0, ¥ {E: C, 61.3: H,
4.8; N, 3.1%. 8. C. 61.5; H. 5.1; N, 3.3%. IR(XBr, cm™'); 3400 s. 3048
w, 1608 s, 1582 vs, 1562 vs, 1478 w. 1430's, 1380 s, 1326 w, 1264 w, 1182 w. 1138
w, 1050 m, 1020 w, 740 m, 684 m, 508 m, 458 m. P NMR(CDCI,): 6 48. 6 (s) pom;
'H NMR (CDCly): —CH =, & 8.97 (2H. m); C;H, —, 3 6.80~7.53 (28H, m);
—NCH,CH,N—, 8§ 4.59 (4H, s); H,0, 5 1.69 (4H. s); CH,COO—, 8 1. 07 (6H. s)
ppm.
1.2 RuCLPN, - 2HOM8 R REBREMNZSARSLAXM (U 10 ml BERE
—ERREREEN H_EER/NEQ: DIERSEEMSERE, . I8BL 6N
Y. BEREBEANE B ZEARKBE TSP - MALBHECK . REFKER -
5C), FXEBAMIEHFE, RuCLP,N, « 2H,0(6. 36 g), A4 92%. K& 168
~171C (5 #8). TTESAH RuCl,(C,Hy P.N,) « 21,0, LB {H: C, 59.3; H, 4.5; N,
3.3; C1 9.0%. 3+HIE: C, 59.1; H, 4.7; N, 3.4; Cl, 8.7%. IR(KBr, cm™"): 3476
br, 3044 m, 2916 w, 1628 m, 1478 m, 1428 s, 1344 w, 1298 m, 1264 m, 1216 w, 1186
w, 1156 w, 1134 w, 1088 m, 740 s, 68€ vs, 476 m. *P NMR (CDCl,>; & 46.1 ppm;
'H NMR (CDCL): —CH=, & 8.99 (2H, m); CiH; —, & 6.80~7.60 (28H. m);
—NCH,CH,N—, & 4.35 (4H, s); H,0, 31.53 (4H, s) ppm.
2 R BUENE—IEEI20ml, FEEERHENSESTHRT. BE
ERNEFARTHEHIERERE . BEFHEZEL1C. EXZRBT . B BB #LHME
AHEBEINARREANER AERIERAEF . AELR . BEKRE=K.IINERER
EHENREMBEFENERF FHBER. RNEFYL2AHEEER(T KL
“HERE.EK2m).
£ £ 5 # #

1 %49

% Ru(OAc),(Ph,P), HI PN, E_EHETERENE . AFEPH IR #7E 1562 f1
1380 em b i U E AR RULEFH NMR EH 4L H 1. 06 ppm BER . RERTE
%4 Ru(OAc), (Ph,P), MMM MEHFBAEE, FARNZFEBA K P.N. B
EOPHRABREF AP NMR (XA 048.6 ppm . BERTRABRETEM 5+
CEHEFRA. FMEERASSTRATEEFOE 2 AR RAMAEE. &
RuCL,P:N, « 2H.O f) S R H o RH WA EFHEURKX S FE TR EHi.
AN Ru(OA). PN, FEABERATIURRNER 5P LT RFELNTREERX.

LUEREFEARTERREE ERT L% ew. NERAZERKE/ 28
FEZGBAIN =Y ERERY. AW FRLECEEYRBRE_EFRE MAE
CR BAXFRIAESTSFRENBLERE TEAN EERUENSHHERA K
AMEEFURRETEFRME, PN EANEREEASFOARTFEES. KEEWEEY
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FERHESEK TRESERESHEA KRR
B-_ERRIFNE, HEMNEE Bkt
B K. %‘%%‘Fﬁ’?‘iﬁ?é‘]ﬁ%fﬁfﬁﬁﬁﬂi(‘? T

TOFHRE. ] wo=E—n,
Ru(OAc); (Ph,P),+P;N; —+[RuH,P,N, ] N:'l’ \O-E- cH,
[RuH,P;N; ]+CHC!, —+[RuHCIP,N,] o
+CH,Cl,
[RuHCIP,N,]~+CHC!l, —>RuCl,P,N,
+CH,Cl, N T p

= P,N,

france ~

REERFRAMEZETUTHEIRE B2 Re(CH,C00.PN, HRXHELR &
EHFEHERAYYRE, EXREBHTLR Fig. 2 cis- and trans-isomer of
SPREIANEED. #W. rELERELY TS Ru(CH,COO):F.N.
ERBHAGRERN  ERENNER LY  BRRNEIEIRBEI FPIERRT

¥ E MM . CH,CI<CH,Cl,<<CHCIl,<CCl,™1,
2 AERNHSt

2.1 ERNNE HEtAHRTAKEN, FRT RCLPN, - 2H,0 #ARERHG /4L
. HERORIFHR R 1T FRERENRNEHN. £EEHN3.0MPa, RN
BEHOTHRAT .AE1LShE ARRULERAEITR. BE=ZRRKHEHNT,
BEFMNTFEREE. TENRER-EPRSEAEETEY - TECORE, i

AL BT S TR,
%1 BNHELEEHER %2 FRETKHBOIALTE
Table 1 Effect of solvents on actiivity for Table 2 Hydrogenation of acrylic acid by
hydrogenation of acrylic acid various ruthenium complexes’
Conversion of Catalyst: Reaction Conversion
Run Solvent acrylic 2cid (%) Run Catalyst olefin temp  of acrylic
molar ratic  (C)  acid (%)
1 acetone 24.5 RuCl HO
«3
2 tetrahydrofuran 9.6 ! e ! 1100 <1
2  RuCly « 3H,0/P;N,? 111000 120
3 toluene 21.9 8.6
A Ph,P 000 00
4 ethanol 45.1 3 Ro(OAk@hPa 111 ! 412
s methanol 100.0 ¢ Ru(OAc)PaN: + 2Hi0 1+ 1000 100 47.0
6 dichloromethane ) 79.8 5 RuCl:P2N, « 2H,0 111000 80 70.7100.0
7 chloroform 1.6 § RuCL:PaN: » ZH,0 1r300 80 85.6
7 RuCLPyN, « 2H,0O 11506060 80

r

Reaction conditions: catalyst RuCl,P3N, »
2H,0, 0.05 mmol; acrylic acid 15 mmol;

catalyst ¢ olefin (molar ratio) =1 1 300; P,

= 3. 0 MPa (initial pressure at room tempera-

ture), 60C; 1.5 h

(molar ratio)

1) Reaction corditions: catalyst 0.05 mmol; solvent,

CH,0OH 30 ml, PH,=3- 0 MPa (initial pressure at room

temnperature); 1.5 h, 2) RuCly « 3H,0 s P;N,;=1:1



58 % f = 8 16 %

2.2 FEGRLYNELEE F 2R TARRANTSS YR LRARSLYS
R, OMAZ 2 4. Ru(CAc), (Ph;P). M Ru(OAc),P,N, » 2H,O W E¥HIE, T Ru-
CL,P,N, - 2H,O $EHRH. BT ARBNERFAHOTRFORFRERASS 5
—ATMENRERN - ESETRALRE,  FRAO S, RESUERE. 558
SHAEM FHFHERRYSSFL AL 2FTHH, RuCl, - 3H,0 HERLE
ZTE FEHE, RuCl - 350 EPN, ARMKEBLBRELELE ZBREERN
BOERTOaRE BREEISARNAKXMHAT, K& RuCl, - 3H,0 -'a PN, £RT &
e EE . -

2.3 EMREXMILEHHTPE. E3 !EﬂTJE% FEHEABENER. AERY
FERERE, ARARUHZ L. BRARRS A0S RE, BERORLET
. %3 TWALFELE 3. 0 MPa-RIRHE 30CT, Ru(OAc):P:N; « 2H,O L BR T +%
BEMEERun 1; 2). BERERS AR LE, B ELRENE, BRETESE
T B AT EAL YT (Run 6).

X3 EAREMELTEOES

Table 3 Effect of substrate concentration on hydrogenation of acrylic acid

Ruri -é;x;ly;t .'Ct‘n.a-lys! ..Nolerﬁn " Reaciton , Reaction Convell'éion of
: - (molar ratio) - temp (C)  time (h) . acrylic acid (%)
1" 'Ru(OAc):P;N; » 2HO 11 360 30 5 43.3
2" Ru(OAC)P:N;+2H,0  11800. 30 5 27.3
3 Ru(OAc)HP:N,+ 2H,0 111000 100 1.5 47.0
4"-Ru(0Ac)gP;N; 2H,0 111500 100 1.5 “35.5
5 RuClgPN, . 2H,0 14300 60 1.5 100.0
6 ..RuCLP\N;+2H,O . .1:1000 80. 5 98.0

Reaction conditions,; catalyst 0. 05 mmol; solvent, CH;OH 30 mi; Pu 3 0 MPa

2.4 SEMIHOGE® SEMNERENEMME SR RRAE ASRG%L
RBERW. ST SELHSFHERMBIRL Y 1+ 300 6, RBLEE 8.0 MPa, |
BRELHBALETIA100%. HEXRNEAGH T, RNEHERCEHALRECHE
BLERT BUHNERAKRE, _INTRTFHRIEEELFNHERE.

2.5 &E:ﬁ&ﬁ%mﬁ%m B &KX 3.0 MPa, REFBEEM 30CHR#Z 140C, A
Ru(GAc),P.N, « 2H,0 fE #{LH 8 4 E R ME 4 FFR. 72 1 38 B 9 BB 0, AR PN
REBEHREMEERT. HURNBERT 100CH, R NFH BRI G LK
BT, SEEXT 8.0 MPa U RARL EREXET, %MHE&%JEH:&JE
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Fig. 3 Influence cf hydrogen pressure on Fig. 4 Influence of reaction temperature on
hydrogenation of acrylic acid hydrogenation of acrylic acid

Reaction conditions ; catalyst RuCl,P;N, « 2H,0  Reaction conditions. catalyst Ru(OAc),P,N; -
0. 05 mmol; catalyst: olefin=1 1 300 (molar 2H:;O 0.05 mmol; acrylic acid 75 mmol; scl-
ratio); solvent, CH,OH 30 ml; 30C; 1.5 h vent, CH;OH 30 ml; Py,=3.0 MPa; 1.5 h

- % #®

1HESEWN 3.0 MPa, N EE# 30~ 100CH ¥ B A, Ru(OAc), (Ph,P),,
Ih«mammrszwRummNpZEOEWﬁﬁﬂkwﬁamﬁdﬁﬁﬂlKﬁﬁ
BFmT -
RuCL,P,N, « 2H,0>Ru(OAc),P,N, - 2H,O>Ru(OAc),(Ph,P)z>>
RuCl, » 3H,0/P;N,>RuCl, * 3H,0 ‘
2 FABFHBEELWELIEHE. 7 3.0 MPa, 60CH &4 T, RuCLP,N, - 2H,0
fEREALH , ERRBHPHEABENTHRR:
HR> —EHR> ZB> > B E>S k> 10
3FEEEN1.0~8.0MPa, ENEBEE 0~120CHEER S EEHBEERR
MEENEETHBES. BEEEXT 8. 0 MPa MIRNBE®T 100CH, k4
B HEER. RENRNZGRESE 2. 0~4. 0 MFa, BRI BE 60~80T 2 [H.
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SYNTHESIS AND HYDROGENATION PROPERTIES OF
POLYDENTATE DIIMINGDIPHOSPHINE
RUTHENIUM (1) COMPLEXES

Gao, Jing-xing and Wan, Fui-lin
(Department of Chemisiry & State Key Laboratory for Physical Chemistry of Sclid Surface,
Xiamen University, Xiamen 361005)

ABSTRACT

The reaction of Ru(OAc),(Ph;P), with one equivalent of N,N’-bis
lo-(diphenylphiosphino) benzylidene ] ethylenediamine [P,N,] in reflux-
ing dichloromethane or toluene gives Ru (OAc),P.N; - 2H,0 or Ru-
CL,P,N, « 2H,0, respectively. The two compounds have been fully
characterized by analytical and spectroscopic methods. The complexes
Ru (OAc),P:N; * 2H;0 and RuCl,P;N, « 2H,0 as catalyst for homoge-
neous hydrogenation of acrylic acid have been investigated. The results
indicate that in the range of reaction temperature 30~120C and hydro-
gen pressure of 1.0~8. 0 MPa, the hydrogenation rate is proportional
to reaction teraperature and hydrogen pressure. A significant high activ-
ity was observed in catalytic experiment carried out in methanol as sol-
vent. The various ruthenium precursors give different activities in the
following sequence:

RuCLP,N; » 2H,0>Ru(OAc).P,N; » 2H,0>Ru(CAc),(Ph;P),>
RuCl; « 3H,O/P,N,>RuCl; « 3H,0

I
i

{ev words polydentate iminophosphine ligand, ruthenium complex,

acrylic acid hydrogenation, propionic acid



