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Synthesis and Catalytic Property of New Aminophosphino
Ruthenium Carbonyl Complexes

Fang, Xiaolong®”’ Zhang, Min“ Duan, Ning“ Wang, Xin™“ Zhu, Hongping™*”
(“ Key Laboratory of Micro-nano Powder and Advanced Energy Materials of Anhui Higher Education Institutes,
College of Chemistry and Materials Engineering, Chizhou University, Chizhou, Anhui 247000)
(® State Key Laboratory of Physical Chemistry of Solid Surfaces, National Engineering Laboratory for Green Chemical
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Xiamen University, Xiamen, Fujian 361005)

Abstract New carbonyl ruthenium complexes (u-0-PPh,CsH,NH)Rus(1-H)(CO)y (2), (0-PPh,C¢H4NH),Ru(CO), (3) and
(u-0-PPh,C¢H,NMe,),Ru(CO); (4) have been successfully synthesized by using ruthenium carbonyl and o-PPh,C¢H;NR, (R=
H, Me) ligand. The three complexes have all been characterized by NMR and IR spectroscopies, elemental analysis and X-ray
crystallography. Complexes 2 and 4 could catalyze the hydrogenation of benzaldehyde into benzyl alcohol. However, complex
3 showed no activity. This study reveals a correlation between structure and catalytic property, where the possible deactivation
mode for the hydrogenation reaction using the aminophosphino ruthenium catalyst is discussed in view of the experimental

NOTE

work.
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eI B A S VA NS R B, H1 T H,
S FHIEA T N ZE R, HATEEA B ML
H, 2ol 4 B - E AR EE R Y & R IS A X T REML
PE” (metal-ligand bifunctional mechanism)F14: )& # 0 fE
HTH “HWZInENLHE” (inner-sphere hydrogenation
mechanism)!Y. P& ALA S B Ru (L &R N
A, Hy 571515 Ru—NH G54 5 oE B A A Al
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JEM TR C=0 8 H /H Rk, SeIELins
(Scheme la). IXZMA) “& BN RENLIL” . 28
TR CHRINENIE” 24 Ru @A R 1%
Ji RuH,MY. 7EiZ B, Hy 43 T HIRE P AN &R A,
Heo &g ommasd o A h+2 . fEf NS
i, — M EEAELSIRYY T C=0 BTk
L, A A0 5 AN R AR A SR
BRI, A = #(Scheme 1b).

UEAER, BATHR LA 58 0-PPh,CsH,NHR (R=H,
Me, Et, CHoPh)ELAR A B T R AIA R ZE R ) 0-PPhyCeHy-
NHR-Ru FC&90, 35l ok S8 T S A Ak in &
N, RGeS PR 40 (0-PPh,CoH4,NH,)(0-PPh,CH,-
NH)RuH(CO) (1)%], TAMIFFIE TR M3h 715 P I %
FEiZ R F T BT 7T, 45 FAESE T Ru—H 5 N—H [
VR RER-0L 2018 4F, BATHE— 54 2. B R E %7
A1 0-PPhyCoH,NH, FRAARZE 35 (10 18 Ab 7744 2 B2 F 70 R

TN A 3R IR P I PR B N B T %o
A VEVEA B2 RS e . FEAR R SR 26 A, SR AT
(@) o)
R
H o H RT—2
L Rulle— o H H
LnRu”<—N~\“‘
H, LoRu'—N /RR<—OH

2 USRI VR A AT (AR EE Y 2 0 8) SR FR A
NEEFUARLE, 5 R — R LR DA K 3R BE T IR F S
R 33 B 55% K0 45% 3T 21| 86%F1 75%. X —45 ik
R SR FH YR VA 351 AT A R0 2% e I ot 2 A 7)) R 0
B R PO S K (THE) /2 — R R 0 i T4 ik, —
SEFERE FRE T & @I, PR T R e e
CO B A AR, AR, TATRH
Rus(CO)1» 5 0-PPh,CHNR, (R=H, Me)fcik 5, F%
Ui & T 3 Fl B AN [F) 25 R R AIE R B T IC &4 2~
4, WIBHLE T EAMEINE R BT, St ss R H
MR T Ru—NH AL b R R 2, Rt T
AL SR IR SR AT ATL.

1 HR5R

A 2~4 WA MIEREM Scheme 2 fizw.
Ru3(CO)y, 5 1 equiv. o-PPh,CeH,NH, [ H 2815 AE
60 CHMF T &M 24 h, 15 2](u-0-PPhyCsHNH)Rus(u-H)-
(CO)y (2). LMbEY 2 AEkNE—5 5 equiv. 0-PPhy-

(b)

L,Ru'—H

B 1 ST SR AL IS PR AT R S S HLER

Scheme 1 Two proposed reaction mechanisms for homogeneous hydrogenation catalyzed by the Ru complex

Ph_Ph
PPh, oc\é PPh, thg 30 o
SR @E \R& Ph
NH, oc *Ru\N,H NH; —RU~~pZL
M omeme s0c. 2%\ Lco 3 N~ | R>Ph
toluene, 60 °C ALY J; + "~ toluene, 100°C, 12 h H N
24 h, - 3CO oc” 1 f \ 130, - 3H,
co co 3
2
Ru;3(CO)12 —
Ph
@EPPhg Me\ I Co Co Ph Ph\FI,\IT co on
Y :2 Ru s
NMeg @ '}l/ \ ‘\P\Ph
toluene 100 °C \Q HH/’/\l
6h, -3CO PPy H
1
B2 a1 Mg mEr e a9 2~4 K&
Scheme 2  Structure of ruthenium complex 1 and synthesis of ruthenium complexes 2~4
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CeH NH, 7E 2R R T 100 C/ M 12 h, BRLEY
(0-PPh,C¢H,NH),Ru(CO), (3). HFERMAZ, Rus(CO);,
5 6 equiv.f 0-PPh,CsH,NH, 7E H 2R I5 W A 5w A1 AT A
REULE 3. R IR o-PPh,CeHyNMe, LA 5
Ru3(CO)pp KM, XSS 2 (1-0-PPh,CsHysNMe,),Ru(CO)s
).

SANACEN) 2~4 FFRE T R EAR AL A 2 DA
Jo X R B R AT ST S AR RAE, #ae T B 71
R X SRS R G 2 & — A = Ru R &Y
(B 1), B Ru e TAFEMEALL . Ru3) 54N CO
AT, HEI 5 Ru(1)M1 Ru(2)8EEE; RuQ)m =4
CO TR, s —A 1 JE 7. B N
J&F L& Ru(3)F1 Ru(1); Ru(D)N5HA CO 44F. —A4
H EF. BEREmEAF ) N AP JE-F LA Ru(2)F1 Ru(l)
HEI. Ru(1)—Ru(2). Ru(1)—Ru(3)F1 Ru(2)—Ru(3)HH#
Ko A2 0.27673(2), 0.28264(2)F1 0.28296(2) nm, XL
B 5 Ruy(CO),, H Y Ru—Ru #H24(0.2837~0.2859
nm)”, FH] Ru(1), Ru(2), Ru(3)Z [B1EEHE & B -4 @ it
EH, HA Ru(l)5 Ru)HIFEHEEE. Ru(1)—H(1)F
Ru(2)—H(1) KA 0.185(3) nm, F W2 u-H
Mrde. B EERI NO)ETEH —DER T, WL
HEWTHE w-H 7k B T B 50, 228 1 i B i
Fi Ak 5 Rus(CO), K AE T AR JF M, 78 TH NMR i
Edr, 6 —13.20 b1 =HI§EN u-H FFERIIL, 6 6.16
Ab F BRI S NH SRR, 6 6.56~7.73 2 B lg 7K
AR, Bk =R iy 101
14, SHIMNEIFRFHRBEYS. L&Y 2 1P NMR
WANAE 6 50.08 AbSs— MR, YZA A Rk A
g, ®C NMR i7E 0 171.66~213.34 23 9 MHRIEBR K
LIRS, 5 iR gs TS CO i H —%, K&
A CO 7 FA T AR ECAL AR,

&Y 3 IR SRS 1 Bs. WEARATLUE H,
Ru & J& P O & A A WA &5 7 i mwA
[0-PPh,C¢H,NH], Ru 5 /53 & N,P MUk S RN, TR
FaE 1) RuNPC, BUAz Fu e 4544, Ru HLGIEC A ECHN 6,
I ) )\ TR AL LA Y, PN CO 434 T Ru
HO PIBECEC AL, SRS NH Boh7 2, (H2 A
0-PPh, ¥4 F &l BHEATLLER, 2 5
0-PPh,C¢H,NH, i3t — 0 K4 T S8 R OB, 1] BEAE
PP H KA EHEBRIE R Hy. te &%) 3 tnf DLE 2
B Ru3(CO)12 5 0-PPhyCeHNH, BHIAF. AT LAHERT L
G2 AR 3 R, SEEGAE R BN W, 7R 1%
A, Ru HFt BoR 42 467, 'TH NMR #1°'P NMR
W A> AIAE 6 2.24 Ab R Y NH SR DL J2 651.19
Ak 7Rt PPh, (AR, Ui BAFEIE TR 3 DA S
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Ellipsoids probability level: 50%
Most hydrogen atoms have been omitted for clarity

B EAY 24 A
Figure 1 X-ray crystal structure of complex 2~4

FRIG 73 F A B AE.

a4 MG LE 1 Ea 74,
0-PPh,C¢H,NMe, 1% 0-PPh, 54 )& Ru FLfiz, X
P77 0-PPhyCoHy,NH, FEARBSAAN ], ZEBL) SL 40 3L
FOCHREAE RIEP. X — B G B R K AT RE 2 BT
NMe, HREH A FHELK, HS Ru(0)8EA RE /1558,
M LLEUR, CO 1 RuNPC, FLoe3R 45411, X o2 fir it
B SR, P(D)—Ru(1)—PQ2)A 178.14°, L HL. 7F
T =4 CO 4y 1 LUk P 5 &8 O Rl AL [C(1)—
Ru(1)—C(2) =116.70°, C(1)—Ru(1)—C(3) = 124.42°,
C(2)—Ru(1)—C(3)=118.93°]. I H., P(1)—Ru(1)%[=k
P(2)—Ru()##] A 5 /7B A, "H NMR 1 °'P NMR
TR A R BoR, TR A 4 Los SRR T
FBIAEAE. PC NMR HE7E 0 45.54 At B 7" NMe, A%
B9, H—PWIAE X —XFRI 7T 8L

DA A 248 FR RS o o) % 2 PR A S B IO, T
100 C. #J46 Hy K /124 5.0 MPa. [ Siff 8] 4 h DL
Ru L &P H RN 1 mol%%E M &A1, %5 THEY
1~4 EINENERE. Wk 1 Fos, MG 1 7E1Z N
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FAF TSI 100% 28 F G 4k, 2K H i o6 ik
99% (Entry 1). tb&%) 2 FIEMTE S Rus(CO), #H 24,
AR T 49% I 28 HE B 3 A 28 R 48% 1) 2K HH I i 26
(Entries 2 & 5, & 1). WEY) 3 W& SHEY 1 M4,
B & 3 A AT YE(Entry 3, % 1). (L&Y 4 7E1%
A TR T — & BN &S M (Entry 4,
R BEFALEN 27%, KRN 24%).
R LAY 1~ R R 0 &) % I 1 s it

Table 1 Catalytic performance of complexes 1~4 in hydro-
genation of benzaldehyde into benzyl alcohol

Entry Ru complex Conv./% Yield/%
1 1 100 99
2 2 49 48
3 3 0 —
4 4 27 24
5 Ru3(CO);, 49 48

“ Reaction conditions: Benzaldehyde (0.5 mmol), Ru (1 mol%), THF (2 mL),
Temp.=100 C, p(H,)=5.0 MPa, Time=4 h.

& Ru—NH ZhRESSH AL TIAE S ML A B,
Ru—H 5 N—H # RAF A EE P &4 1 7] LA
At Ru—H 5 N—H, R REA ZEALEE 277N
25, (A 1 B TR T SR I REOR. WL
a2 51 g LLE H, 2 MR 20 N—H,
B2 AW REEE T WIZIMENLEL "2 5 MU s, R
454 rh Ru—Ru BT 24 B A 24z, DA AL Hy 7017
A= RuH, 36 VR A, DRk 2 R HE — s 1 4 A0 3 e U,
Ru3(CO);, LA Hi 0-PPh,CsHNMe, 4 I A1) 4 3)5=
BLE — B AN EGEE, A BAE T ET “ RISl
H” Z 5ENINE —HE.

EY 3 51 et thae EA BEZER, A AR
T Ru—NH EAGTIFEBRFEAT ) 70 T &0l #x
TG, a3 5 1 14 EAETER 2 S BN,
LA 1 SR P AT B S AOR BRI . R 1
ZURTTLAE Y, 47 ¢ )d SR E S BUi s 52
Ak, UM Ru Hoe S PERE A H e
R B OETERC . (bGP 3 WA MAGENE, RIS
JEHOAER H, HAT+2 i) Ru ot —2Ed
JRBITE R HP. X — 45 RBIE T FAITE A IR 5 b A
I AENE, BN R HRE 7 i =4 CO, JF 5 e)E
L BCAL, S5 Ru drbdoikit— A R TERE ] H
M AT R ST Rk, T RAIA S, E R R AR R
o, ARBRIE 731 2B i Pk S B /2 5 20 Ru—NH L REZE
FE AT P 2 2R 3 11 e R 2 — 121,

2 g

PA Rus(CO) 1, #1 0-PPh,CsHNR,(R=H, Me)Jy 5kl
BT IR LAY 2~4, FER LALLM 2 Je X
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SRR B AT I S AR B AR FL AT 7R AE. ALK P
INEREENRRR Y, (AW 1@ “ SRR EE
FLER 7Rl Rt n e g, &4 2 F 4 mradid“ iy
IS " 5HAAINE, a3 BA HAEE. it
—SULBATE Ru—NH IhREE AT S5 10 R Nk &R
W, R SRR 2 T U AR R CO & S B AL R
BRI EZERRN 2 —. A FRAESE— R E
=201 Ru—NH T e g i b 7 v et fa 5.

3 LIRS

31 X5

Wi SLPR MR AE Bruker Advance 1T 500 MHz 58
&, LLCDCly B CoDe AIMARIE ;& A FH 4 £ Agilent
SuperNova X 54 HL R TN FoREE; Z0AM 615 LA
S C. H. N TR EERE 5 AIFE Nicolet FT-IR 330
B 1E A AT Thermo Quest Italia SPA EA 1110 Bt 54>
M4 I 58 8; HRMS ¥ F Q-Exactive 4 VAR (01— = 47 ¢
JoR R IR A (B I ESDINE. fAL S PR R Bt
TN T AR NSZ25-P4-T3-SS1-SV Bl mi e N &8, 1k
BN 25 mL. R RCR FIC 2% A SU0E &S R 25 (FID)
PR KB-Wax 34530 m X 0.32 mm X 0.33 pm) #4837
GC-9790 RS AR i AGEAT 7 HT.

2K, IEC5E A& THF 258 WA I S5 E E 254
Al EHEAGR A Al Rus(CO) oy A RECAR BT 75 kL, 2R H
it 2R R DA B TE A b A e S R A R A F.
fid 4 0-PPh,C¢H,NH, LA X o0-PPh,CsH.NMe, S % ik
(1317 VA .

S o KOG K TG A R SR bR A Schlenk F7AR
WSS AFERPET. AYUARIFR, IECkibl Kk
THF S A2 b HE 5, R0 N A& & R
JEHUH. CDs TEFEMTHH =R 2 dEid
JEEF; CDCL F S5 =i 34 2 d HRE R AAUR T
EREEE T FER P &H. KPS =0
2 RIGHEEAAR N, A ETFEfP &,

32 ZWHE
3.2.1 B4 (ur-2-PPh,CgHNH)Ru;(uo-H)(CO)o (2)
9 &A%,

ERSATFER T, A 0.19 g Ruy(CO)p, (0.3
mmol). 0.08 g 0-PPh,C¢H,NH, (0.3 mmol) T-%4 30 mL
F2ER) 100 mL KRB, %W G 0 FE48, 30
ME 60 C. X 24 h 5, AHRMREER. WEK
TR B IR E L 2 mL 5, N S mL 1E OV,
AT AR EYTE. T IEIER FE I Cbe el A Uit
VEIE, WUETE, 58] 0.15 gBLEa 2, 7F N 62%. 'H
NMR plus 'H-">C HSQC (500 MHz, C¢Dg) 6: —13.20 (d,

http://sioc-journal.cn/ 229
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1H, u,-H), 6.16 (s, 1H, NH), 6.56 (m), 6.80 (m), 6.90 (s),
6.92 (s), 6.95 (m), 7.24 (m), 7.73 (m, 14H, C¢H,, CeHs);
BC NMR (125 MHz, C¢Dy) d: 121.4 (d, Jpc=43.8 Hz),
123.7 (d, Joc=10.0 Hz), 124.0 (d, Jpc=5.0 Hz), 128.8 (q,
Jpc=5.0, 10.0 Hz), 130.0 (d, Joc=2.5 Hz), 130.8 (d, Jpc=
2.5 Hz), 131.0 (d, Jyc=11.3 Hz), 132.2 (s), 132.3 (s),
133.0 (d, Joe=12.5 Hz), 135.1 (s), 135.5 (s, C¢Hy, CeHs),
171.7 (d, Joc=27.5 Hz, CO), 183.6 (s, CO), 194.3 (s, CO),
196.8 (d, Joc=17.5 Hz, CO), 198.8 (s, CO), 200.5 (s, CO),
206.2 (d, Joc=6.3 Hz, CO), 206.9 (s, CO), 213.3 (s, CO);
3'P NMR (202 MHz, C¢Dg) d: 50.08 (s); IR (KBr) v: 1953,
1979, 1994, 2015, 2039, 2078 (CO), 2961 (NH) cm .
Anal. calcd for Ru;Cy7H ¢NPOy: C 38.94, N 1.68, H 1.94;
found C 3839, N 1.76, H 1.85. it &% 2 (CCDC
1934516) [ H 2 ETEM T, ET 2 P RERS
ECktZ2i5i%E 4 d Kk
3.2.2 B4 4 (0-PPh,CsH,NH),Ru(CO), (3)89 4 5%
ERSAFERMF, FREL 0.19 g Ruy(CO);, (0.3
mmol). 0.50 g 0-PPh,C¢H,NH, (1.8 mmol) T34 40 mL
H 2K 1) 100 mL [ M [ 0.17 g BLA 4 2 (0.2 mmol).
0.28 g 0-PPh,C¢H,NH, (1.0 mmol)], % M558 F&
F, FEINFRE 100 C. &P 1205, BWEIR NI E EE.
R RS AT 2 S IR 24 2 mL J5, JIA 5 mL IE
out, AT OKEEATTIE. IR I IE S ik A
FRUTHE 5, BETHE, /53] 0.50 ¢ BiL&W 3, 2% RN
78%(EX 0.35 g FL&) 3, KA 83%). 'H NMR plus
'H-"*C HSQC (500 MHz, CDCl;) d: 2.24 (t, 2H, NH), 6.00
(m), 6.18 (m), 6.82 (t), 6.98 (m), 7.45 (br), 7.53 (br), 7.65
(m), 7.75 (m, 28 H, C¢Hi, Ce¢Hs); °C NMR (125 MHz,
CDCly) 6: 105.2 (d, Jpc=27.5 Hz), 105.5 (d, Joc=27.5
Hz), 111.0 (d, Joc=5.0 Hz), 111.0 (d, Jpc=5.0 Hz), 118.2
(d, Jpc=6.3 Hz), 118.3 (d, Joc=6.3 Hz), 128.8 (d, Jpc=
17.5 Hz), 128.8 (d, Joc=7.5 Hz), 128.8 (d, Joc=2.5 Hz),
129.7 (s), 129.85 (s), 130.0 (s), 130.4 (d, Jpc=7.5 Hz),
132.1 (s), 132.6 (d, Joc=6.3 Hz), 132.6 (d, Jpc=6.3 Hz),
133.0 (d, Jpc=5.0 Hz), 133.0 (d, Joc=5.0 Hz), 133.5 (s),
134.1 (d, Joc=25.0 Hz), 134.3 (d, Jpc=25.0 Hz), 169.4 (d,
Jpe=16.3 Hz, C¢H,, C¢Hs), 197.0 (d, Joc=10.0 Hz, CO);
3'P NMR (202 MHz, CDCLy) d: 51.19 (s); IR (KBr) v:
1964, 2032 (CO), 2960 (NH) cm™'; HRMS (ESI) calcd for
RuCssHy N,P,0, [M+H]" 711.0904, found 711.0913.
Anal. calcd for RuC;3H;oN,P,0, (M;=709.7): C 64.31, N
3.95, H 4.26; found C 64.32, N 3.82, H 4.40. it &4 3
(CCDC 1934517)) 5 2 ETF BT, Z| T 3IMHFR
WA IE IR ZNB 21 4 d KRk

230 http://sioc-journal.cn/
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3.2.3  BLA4(ui-0-PPh,CsHNMe,),Ru(CO); (4)4 &
R

EESAFER B, AL 0.13 g Ruy(CO)p, (0.2
mmol). 0.37 g 0-PPh,C¢H;NMe, (1.2 mmol) T-2445 30 mL
FZKM 100 mL R, %G5 B FEH,
HE 100 C. KM 24 h 5, AERMNEESE. HER
FEFIMEOEREL 2 mL J5, A 5mL IEck, #
AT K EAL B AYIE. T EIEE I A IE O e el A L
PIPUHE S, s T, /53] 035 ¢ BLEY 4, mFEN
71%. "H NMR (500 MHz, C¢Dg) d: 2.37 (s, 12H, CHj),
6.84 (1), 7.03 (m), 7.09 (t), 7.11 (s), 7.16 (s), 7.17 (s), 7.44
(m), 7.91 (m, 28H, C¢H,, CeHs); *C NMR (125 MHz,
CsDg) J: 45.5 (s, CH3), 125.0 (t, Joc=5.0 Hz), 125.3 (t,
Jpc=2.5 Hz), 129.2 (5), 131.6 (s), 134.2 (t, Joc=6.3 Hz),
134.9 (t, Joc=25.0 Hz), 137.8 (t, Joc=22.5 Hz), 158.4 (t,
Jpc=3.8 Hz, C¢H,, C¢Hs), 209.7 (t, Joc=16.3 Hz, CO); *'P
NMR (202 MHz, C¢Dy) J: 47.96 (s); IR (KBr) v: 1878,
1894 (CO) cm”'; HRMS (ESI) calcd for RuC43H4N,P,0O5
[M+H]" 797.1635, found 797.1626. Anal. calcd for
RuC3H4N,P,05: C 64.89, N 3.52, H 5.07; found C 64.53,
N 3.38, H 5.25. Bl &4 4 (CCDC 1934518)[ H A E T
EBfh, 1£—20 CH&MFT 4 MHRKERS IECHEE
Bi% 2 d Kht.
3.2.4 4TECAAp0YE IR AL

EFERPRHFE LAY LR R K] THE %
W, WAFESFHEPEERHTEMR. B85, BRMK
PUEF S Hy, RIPRB ST, £ H, SHE S
MPa J5, #3048 T hn#hehke B i e 2 Im# b
RN GERE, PUEA SR ZTRRRNER. &
&, TERMEH AN —ERIE+ k, BESEEHE
BRI, A RERTI BT SR Ny AR GRE A 25
mL/min), SALEFR FID $M#HEE N 230 C, f2F
THEIFES 50 CHEFE 5 min J5LA 10 “C/min Fh i E
2200 CHHERF 10 min. 4B FTS1EE =4, R
B g B W TR RRBEAT A A 2R R0 = F ) A

4 Bh#1 Kl (Supporting Information) [t &4 2~4 () 'H
NMR, C NMR % P B i i 2 b $iedls . ik s bRl ar DL
2 WAFI 33 (http://sioc-journal.cn/) | N %K.
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