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G E. EI-MS dfi 1 Thermo LTQ XL 4y AH 1% -
BT BB S. GC-MS il g1 3£ [ Agilent
5975C RSB FH A A
1.1 [ Cis-Ru(dmbp),CL ]Cl - 2H,O (1) HI&E K
$:1.50 ¢ (5.74 mmol) RuCl, « 3H,0, 2.12 ¢
(11.52 mmol) 6,6 - FI3£-2,2” -k e f1 1. 75 g
(41.28 mmol) LiCl Jil A E| 50 mL [ O [&] i Ee il
Hr, FHTESTASBILA 20 mL DMF $0IR-G W)k, 760
AR E . 120 C i 20 h 5, R A, fiNA 20 mL il
UK, RIS SR (0. DR, AR YO 20 mL
JKFN 10 mL YR UE %, TR S S [ K
2.60 g, 7% 74.0%. IR (KBr) v; 3 425 (OH),
2930(CH,), 1617, 1563, 1 420( MtBERR) em™; El-
MS (70 eV): m/z (% ). 540 (38) [M-Cl]", 526
(41) [M-CH,CI]", 498 (39) [ M-C,H,Cl]", 454
(83) [ M-CH,Cl, ]*, 438 (100) [ M-C,H,Cl,]", 427
(5) [M-C,H,Cl, 17, 413(22) [M-C,H,Cl, ] Anal.
caled for C,yHygC1;N,O,Ru; C47.11, H4.61 N9.16;
found C 47.13, H4.64, N 9.12.
1.2 [ Cis-Ru(bpda),CL ]Cl - 2H,O0(2) I &R
$41.45 ¢ (5.55 mmol) RuCl, - 3H,0, 2.36 ¢
(11.12 mmol) 2,2 -BENLIE-6,6" - HEF 1.84 ¢
(43.52 mmol) LiCl Jit AF| 50 mL 7 O [& s e
e, FTESTAS A 20 mL DMF IR V)3, 780
EEHEE. 100 C 18 h 5, ¥4, JA 20 mL JBi
UK, RONIRE B . g, AR YO 20 mL
JKHN10 mL YR, TR IS A B A K 2. 67
g, FEXR72.0%. IR (KBr) v: 3415 (OH), 1 709
(C=0), 1642 (MEHEFF) em™; EI-MS (70 €V) : m/
z (% ). 567 (39) [ M-CHOCl1]", 512 (54) [ M-
C,H,0,Cl]", 498 (79) [ M-CHOCI,]", 466 (100)
[ M-C,H,0,Cl; ]*. Anal. caled for RuC,,H,N,O,
Cl,; C43.16, H3.02 N 8.39; found C 43.23, H
3.13, N 8.27.
1.3 [ Cis-Ru(dmbp),(H,0),] (OT),(3) {4
$:0.28 ¢ (0.46 mmol) FL5H) 1 F10.36 ¢
(1.40 mmol) AgOTf I A% 25 mL & JELEHH, A
FESHA A LS mL 487K, BEPE T T 70 C R 1
h, VRS, R, DS U8, uEmk
ARFFRERY , FH /D R R A R 0 e AT H AR
g, A TS s A EK 029 g, RN
68.0%. IR (KBr) v: 3420 (OH), 1 644, 1 607,

1468 (MEBEFR) , 1 246, 1 029 (FfRL), 870 (s,
Ru-0) e¢m™. Anal. caled for C,,H, F,N,0,,S,Ru: C
50.05, H4.20, N9.73, S10.10; found C 50.12, H
4.25,N9.61, S10.22.
1.4 [Cis-Ru(bpda),(H,0),] (OTf);(4) &M

#%0.34 ¢ (0.51 mmol) F54 2 F10.40 ¢
(1.55 mmol) AgOTf In A %] 25 mL R JELHF, A
TSP A 15 mL BAUK, T T 50 °C By
2 h R SR . R A, IR g, JE
WARTFRIR Y, /D £ DY TR 325 46 I I & Tk o8 [
A, W8, A THRAASEER0.33 g, RN
64.1%. TR (KBr) »: 3430 (OH), 1707 (C=0),
1651, (MEREFR), 1238, 1019 (f#fiath), 857 (s,
Ru-0) e¢cm™. Anal. caled for RuC,,H, N,S,0,,F,: C
32.15, H2.00, N5.55, S9.52; found C 32.12, H
2.05, N5.61, S9.47.
1.5 RimRE I ELIN=5 K &

HELE (0. 10 mmol ) fiT AF] 25 mL B H Beif
H, FHTES R B A 1T mL 4K, 5 mL
THF FRSiHefE (30.00 mmol ) , LA 24 h. JZ
NSERE , WedR RN A Y, F 20 mL Z kAR,
PO TCKBRER BE T8, RS, B e T
SRV Gl RIS, I GC-MS AR A 4
S M A=

2 RSt

2.1 BEMMER

LA RuCly « 3H,0 g J5Rt 5 2,27 -5k nik e 5 07,
VAT K S T X T 0 1 A A IR R A s
PLZEEREE, B 12 h, £33 [ cis-Ru(bpy ) ,Cl, ]
Cl - 3.5H,0; Ll DMF JyE5#], 18137 20 h, 785 cis-
Ru(bpy),Cl, ] + 2H,0, DMF [w] i} £ g i 550 ° .
A BUBC S P R D) 2R i b, o 2
s B ek R A R R

AR DMF Ry 5], LA RuCly - 3H,0 Ry )i
B 6,67 - -2, 2 IR ML RE F R, 44 N
JE120°C, AWM TR AW 1. BEAY 1 'H NMR
B, UWHIE G 1 H gk 3 M. AP h g A
3425 em™ kb @ R-OH AEAENE, {A Ru—O Ay
FRIEMR g, 76 MS [#4% F i 7R [ Ru (bpy),Cl, ]*
([M-Cl]") BfFUg (m/z 540) . 455 JC R 73 B i,
BCA 1 B 5 4544 4 [ cis-Ru ((dmbp ),Cl, ] C1 -
2H,0. L& 2 WA EUNES 12601 AP 2 I8
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3415 em™ 4b S R-OH BY45AEIE, 7E 1 709 em™ 4k i
/R C=0 MRHENE, 76 MS K3 |- 7 [ M-CHOCL]”
BT (m/z 569) . 855 ICR 7T B, TLa¥) 2
B T 2584 M [ cis-Ru(bpda),CL, ]Cl - 2H,0.

BL5 3 4 535 i 1 F 2 5 AgOTE i i 5
%, B7C "H NMR 55, £L5MEREAE 870 F1 857
em’™ ZbAM) R Ru—O (1 R AE I 5 0, PR i
I3 FE5H N [ eis-Ru (dmbp ), (H,0), ] (OTE) 5 Al
[cis-Ru(bpda),(H,0), ] (OTE) 5. 4y, &G
3 3 5 4 SIS I RIT
2.2 RN

FCEP) 1 ~4 X 1-Cbe . R BT B R £ g
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=R R =R AR R Y T R R AT
e 1A 2 A B E ORI AR 3 F1 4, HEEY) 3
AT, 3 Bl e, PIRIER £ T i 36 = 3R 7™
Rl (73.9% ), T 1-C B iy 3R = 5 7 I
(24.3% ) 5 JER SIS TA], PURIR £ F6 1 Bh =K 7™
RAMAKR. FEXR ==Y, BAK=KY).
11 E) =28/ i =R B EUAEOR R, i = 2R 4 35 e
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=R R e (81.2% ), i 1-CU R 3R = 2R
7R IRAR(55. 7% ) AR =R Wb TRl AR B Tk

R1EBEEYW1 ~4 WRmREHIEULIF =T

Table 1 Cyclotrimerization of terminal alkynes catalyzed by complexes 1 ~4°

R R
H H R
+
R H H
a b

R-C=C—H Catalyst

THF/H,0
Entry Catalyst R Yield /% Ratio (a/b)

1 RuCl, - 3H,0 C,H,0C(0) n.c.‘ -

2 1 C,H,0C(0) 12.6 45/55

3 2 C,H,0C(0) 16.7 13/87

4 3 CH,(CH,), 24.3 37/63

5 3 ph 48.6 44/56

6 3 C,H,0C(0) 73.9 40/60
7b 3 C,H,0C(0) 74.0 39/61
8! 3 C,H,0C(0) 17.5 42/58

9 3 C,H,0C(0) trace -

10" 3 C,H,0C(0) 22.8 41/59
11 4 CH,(CH,), 55.7 30/70

12 4 ph 57.2 39/61
13 4 C,H,0C(0) 81.2 10/90
14° 4 C,H,0C(0) 21.3 11/89
15 4 C,H,0C(0) 15.2 35/65
16* 4 C,H,0C(0) 25.3 9/91

Reaction conditions:a. cat. ; 0. 10 mmol; cat. /substrate (mole ratio) ; 1 : 300; solvent; H,O/THF (1 mL/5 mL) ; reflux for

24 h; b. reflux for 36 h; c. n.c.

= no cyclotrimerization was detected; d. dmbp (0.50 mmol) was added; e. CH,CN

(5 mL) was added; f. no water was added; g. solvent; H,O/THF (2 mL/5 mlL)
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I D B B A B = OO, Rl AR TS ) 3
5% 4.
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Fig. 1 Mechanism of catalyzed cyclotrimerization of terminal alkynes by complexes 1 ~4
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Fig. 2 Intramolecular hydrogen bond in the intermediate

3 &g

FCA 0 1 ~ 4 HEAR R S bR AR B B0 = 3R S B 2 Jit
TIR[2+2+2 JRR RSN, B9 3 Fi 4, diFok
BeiAss I 5 FHUC, NG T 1 A 2. g
PRIBEAHIE 1 6-FF I (4 i T RO AN 8 1 4 1Y
HEAETEAE, M H., 6-FBERIK &5 5 PVRIR LR Y
PRIE AT BV, X ER =R A 8 Y X St 4
P BEBFTEAE RN BT R AT AL R S e B = 3
PSR KB PR S P fe i 1 BB R .
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Cyclotrimerization of Terminal Alkynes Catalyzed by Ruthenium
Complexes Containing Substituted Bipyridine Ligands

SONG Xue, CHENG Jun, ZHANG Ping, YIN Chuan-qi”®
(School of Chemisiry and Environment Engineering, Wuhan Institute of Technology, Key Laboratory for
Green Chemical Process of Ministry of Education, Hubei Key Laboratory of Novel Reactor and
Green Chemical Technology, Wuhan 430074, China)

Abstract: [ Cis-Ru(dmbp),Cl, ]Cl - 2H,0 and [ cis-Ru(bpda),Cl, ] Cl - 2H,0 were synthesized by the reaction
of RuCl, + 3H,0 with 6,6’ -dimethyl-2,2" -bipyridine (dmbp) and 2,2’ -bipyridine-6,6 -dicarboxaldehyde ( bp-
da), respectively. The catalytic activity of the four complexes on catalyzed cyclotrimerization of 1-hexyne, phenyla-
cetylene and ethyl propiolate was investigated. The higher catalytic activity of two dechlorinated complexes and
higher regioseletivity of cyclotrimerization of ethyl propiolate in the presence of water were found. The catalytic
mechanism is postulated to be a Ru-catalyzed [ 2+2+2 ] cycloaddition reaction, Ru-heterocycloheptatrienes or 7-Ru
heterobicyclo[ 2. 2.1]-2,5-heptadienes are postulated to be the key intermediates. The regioseletivity of cyclotrime-
rization is affected by the intramolecular hydrogen bond between the hydrated formyl group in the 6-position of bi-
pyridine ligand and the carbonyl in ethyl propiolate ligand.

Key words: substituted bipyridine ligand ; ruthenium complex; terminal alkyne; catalyzed cyclotrimerization; regi-

oselectivity



