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2-F -6 B it nE W |3 3 DA B 2 |
RSN BRMERKR, RE, Sk, &
R, R ra, g g E 28 E AR
R A ER G, 2R, TKBBREE, &5
36 % Mk ER R L) K LiCl Yy 40t dli, Wy B K i
ik TA A ; RuCl, » 3H,O Wy B Aldrich 27 ;
AL RS (99. 999 Y)W H ¥ = SR A AL

6,6~ F 36-2,, 216k ik B 4% SCHR O ik A .
R TR AT )5 8 BT A A Schlenk
HARM B Na [ T 8 (3 H R 48 725 570D A
ZEIBMA. ASMEIEEHE B Nicolet 420 BT 4T
FR 3 W AR, JT F 4t B8R 8 i CHNOS
Elemental VarioEL 111 & £ 4r 7 {0 M €. EI-MS
¥ 4EH Thermo LTQ XL &I ¥ AH 3355 1 P Il 1%
BRI 78, GC-MS ¥(#8 1 2 B Agilent5975C
TS - T IR A A5
1.2 [Cis-Ru(dmbp),Cl,]Cl « 2H, O B & B

# 1.50 g(5. 74 mmol) RuCl; « 3H,O, A K&
2.12 g(11. 52 mmol) 6,6~ — F -2, 2B ik 1 F

E&TH WA E 88/ PHA 4 (2009CDB357) s BidL 4 BT 24 (D201115040); A LI RBFHEA LR E L

4 (GCP200909)

EEE /T T & (1966-), 5, WAL A, #8R, B+, BERESRIN. 5T E . 4R K &Y /ALK,
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1.75 g (41. 28 mmol) LiCl it A 50 mL ¥ O B
i1, SR Schlenk FALE N, /9, MA 20 mL
DMF (N, N~ H 5 B ) 4 JrURL B i, SO W
JkRE A, 110 CRM 18 h fF, &1, A 18 mL
BEK, BRETHRA\EA. T8, EERKKA
18 mL/KH1 8 mL WEI¥EE, B THREHEEREG
Bk 2. 60 g, 7= 74. 0%. IR (KBr) y/em ™.
3425 (OH), 2 930 (CH;), 1 617, 1 563, 1 420
(MEBEFR ) ; EI-MS (70 eV):m/z (%) :540 (38)
[M-CI]*,526 (41) [M-CH,CI]*,498 (59) [M-
C,H,Cl]*,454 (83) [M-CH.Cl, 1", 438 (100)
[M-C,HsCl, J*, 427 (5) [M-C,H,Cl,]*, 413
(22) [M-C,H;;Cl,]". Cy HyCIyN, O, Ru TG E 4y
WrEipfl:. C 47. 11, H 4. 61 N 9. 16; Sciil{H.
C 47.13, H 4.64, N 9. 12,
1.3 [Cis-Ru(dmbp), (H;0),] (OTH; (2) Y
AR

% 0.28 g (0. 46 mmol) FE& 4 1 1 0. 36 ¢
(1. 40 mmol) AgOTf It A% 25 mL R JiEBEH P,
R H Schlenk $ARAE N, /4T, MA 15 mL Jii
FK BT T 68 CRI 2 h, IR E W& E. ¥
0,00 Uk VR VR R AR J5 /0 B TN T O A EE N 2 A
HE A, TR, TREREFE MK 0,29 g, 7N
68.0%. IR (KBr) v/em ': 3 420 (OH), 1 644,
1607, 1468 (MLBEI), 1 246, 1 029 (HEEREL),
870 (s, Ru—0). Cy HpFoN, Oy, S;Ru JTE 417
PEiME : C 50.05, H 4.20, N 9.73, S10. 10; 5t
WiME. C50.12, H 4.25, N 9.61, S 10. 22.
L4 FmREHELR=E KK

# 95,20 mg (0. 10 mmol) FEE& ¥ 2 A 3|
25 mL ¥ B, % 3 Schlenk i AR7E N, f#3P
F.mmb A 5. 00 mL (0. 28 mol) i 48 7K Fi
5.00 mL PO & Bk, B a5 0 om A R s B g
(30. 00 mmol). fiIn#A[EI i 24 h, BH 5K S IR A
WA 50 mL ZBEREIR, ZE MUK P E K BRER 86 T 1%
HEE, BENRT. REYHCOMERE, &
it GC-MS BB G Y& A MEEE.

2 #HRE5IE

2.1 mEHER

Be A 6,6~ -2, 2158 Ik B 4K H8 SCHR O %
(DL 1), L 25 -6 B Bk e oy Ok, 8 2 2R
AR B 2-TR-6-HH 56 ik g | B 20 45 4 10 X FR A IR
B AT AAL G W X R A K S B R
2R VEHE AL IR S, 38 BT R 4R /B AR AR 3R D 5 NICL,
(PPhy)," ", HETH A= AR, FHELE ™

BH i PPh, A —EME . A, FAE PLEE
2, 2-BE I -6 , 6~ — 4 (6, 6~dilithio-2, 2-bipyridyl)
5B BR — H Mg KR » 7% AT 45 B i Ak 6, 6 — B -2,
2REMEE , A —90 CTHA.

| o CH,
| N HBN4NO, | ~ ELEG H.O 2N
A Br-3-8 T A E#20h 00 QN
He NONH, HC N B |
Z N,

Bl 6.6-—FHE2.-BMENERAE
Fig.1 Synthetic method of 6,6-dimethyl-2,
2-bipyridine
2.2 MEVYHER

PL RuCly « 3H,O R ER5 2, 2- B0k 1E 5 b
Va0 R BT R BE L W R AR LR IR R
W DL Z BE k. B 12 h, 8 8] [CisRu
(bpy),CL,]Cl » 3. 5H,0; Lk DMF k¥ 7, [ 7
20 h,f8 %[ Cis Ru(bpy),Cl,] « 2H,O,DMF 5] i}
PR SRR A SR BE A W Sk 38 7 2 R I
KW, HR A GEWTE LY RN AR
Az g,

A5k ]l DMF 3% #), L RuCl; » 3H,O0
HIERLS 6,6~ H -2, 2-BK b BE IR A AR BE A
Y11 BRI EEHAE 120 C, 4 R1E8 2 A48
EYTL'H NMR 55, S HEE Y 1 i =4
LIAMJERESE 3 425 em ™ &b @ 7R —OH M FFAEIE , {H
g Ru—O 58 (1 4 AE W Wi i, 72 MS K L Bon
[Ru(dmbp),Cl, ]" ((M-CI]") & F I (540). 454
TTESMEE . BEEW 1 Mo F4 W HA[CisRu
(dmbp),CL]Cl » 2H,O. Bl &% 2 1 1 5 AgOTf
RN BLE R %, RFE T H NMR {55, 248 651
870 em 4k 78 Ru—O 4 Y FRAF 0 i e , PR T H:
SF a5 I R [ Cis-Ru(dmbp), (H,0),] (OTDs.
HRBABIAGLEY 1M 2 B RIS H.

2.3 AR

Bl 2 %t 1-C B 2K Z B R B R 2 TR 1Y
AR =ZRERIE L. =F P, KRB
SRR ER (64. 750, MARER LB KIS =R
FEERRMKGL %), HRERTY P, A&
R e =R 5 Y =R HE LR ph— CRE)
KA. 1), R 3k CH, (CH,),—t /(3. 7).
RRE 12 h Bt 36 230 = 7= 64. 2%, )2 R 3l
24 h BY RT3 K 64. 7%, BB A [E] 9 12 h B &2
IO 35 35 - 5. X4 1) P9 bR BR 2, R 11 4 Ak IR B 1A &R
AR dmbp F1 CH,CN B}, 35 =B =R Ak
&, THIZHMAMALSY 1 LRFRH, BAE
AW 2 I BEBA B = R A
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*1 EEW2HRRRENEUR=ZE
Table 1 Cyclotrimerization of terminal alkynes

catalyzed by complex 2*

H R H H
R—C=C—H A2 +
THF/H,0
H H R R
H
a b
B RE L
FE R ) R/ %
i) /h (a/b)
1 ph 8 54.2 4.3
2 ph 12 64,2 4.2
3 ph 24 64.7 4.4
4 CH; (CH,); 12 58.6 3.7
5 C, H; OC(O) 12 51.5 4.1
6° ph 24 n.c.* —
7¢ ph 24 ne°* —
8¢ ph 24 17.5 4.0
9f ph 24 TR —

#: a2y 0.10 mmol FEAH 2, #EALFI/ Y 1+ 300 (EE/R
O R B b ALEEEW 2 MA: tpiEcH nc. BE
K== d REASYW 1 (0. 10 mmol); 45 i e X dmbp
(0. 50 mmol) ; f 2 CH3CN (5 mL).

2.4 fEAHE

UG SCER DA L IR A R BL B A 2 i
fepede = ST BUBACZE 1) o fE ML AN /& 2 fr 7w
B, WK F B ARG P 4 F BRI BURAE B
SRFERLA A 3, 4R 5 T S A A IR 5L 75 B 1 2% 36
MIBEEY 4,58 = A PR FEUR 4 R E
Bk b — A B N R 7 A AT 2434 5L 2 - Hh
HEEY 5, XA WS BIEA KR 8OBUR In s
N7 AR B E G4 6 B 7, Rl 6 5L 7 45 H R AR
TH B B 45 3 =B R, R B BRI & 4 2. 6,6~
ZIRAR B ) T AR (5 AR I R B i R TR
T8 R R, WL AL RE 7 3 58 , IR T 82 e 5 = > R
$ 3 FIAG 4 HBRnb g B R i — I N R
AT IR R E A 5.

SHREFEFE=ZFR M_FEMY=K=
[F 43 SH k. RuClDD BE & 94 16K o b 8 & 2B 36
SRR RN ML A E = AL A
A B =R B AR B S R B AL S K e = R N 2
FEMNA=ZRTY. TRERCEER=E5Y

ZEBF 4 Feb R, H AR B R = L.
3 7R « A S R AR R R R B R L 7 & A A
B R R AR i Ru 2030 I R B A 4 4 i, il F IR
FER A B R —BE, &R 2,5- B Ru 23R 18—
REAY 9.3, 4 BAE Ru R LB AY
10 71 2,4 B Ru LW EEY 11 =
G Sk, 9 S4m A R R AE 2 3,4, 7-= AR
HERuFRHFEZMEEY 12 F1 2,4, 7-ZBUE
Ru 3 B =R B A4 13510 S 46 A R 15 3 12
M 3,4,6- = BRI 14511 53] 13,14 1 2,4,6-=
AR 15, & XU IR, 9 B4k 1,2,4-= 51
I Ru Z2FRok A IR EC &Y 16510 4k 2,3,
5-=HACH) 17;11 #4628 1,3, 5-= B 18 AN
1,2,5-=HUR# 19, ek 12,13,14,16,17.19
R JEY B R R AR R, 8 I, S E i R = R
AR 15 F1 18 % A i JR I bR R A5 2135 =
. 6,6~ U H (W 23 8] 8N (1R = 2 1 R
b .

FEREALIA = R B A, I A ZBE 5% dmbp, ¥
RFTFIH =R =04 B A B R R Tz
BAEAY 2 K TR AR oS BB A
35 A dmbp, BAE 5 FHELLBUREL &9 4 BRI
nE B A b R AL NP AR AR S.

N/ \\\’
3+ /N 3+ ~—N R
< —I N\|/=R~—| 4
N r Ru /}
/ < WNep TR
/Ru——7\/R N \¥l'/
N ] N—NR
R N —|3+
" S
7 U N
N/ \\/\R
N/ =R
5
— (1)
NTONT oSN ? SN CHs

B2 BRMEYW2EAEER=BERENTEDREYNE
Fig.2 Mechanism of benzene derivatives formation

from alkynes catalyzed by complex 2
#: R=CH3(CH)s,pH,C:H;OC(O).
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R R R
= = =
4 = [Ru] + [Ru] + [Ru]
S, T .
9 R R 10 R 11

R R R
== == . e R
=] Rt Ra T Ry
R VW~ R = ==
d R
12 13 R 14
x

R R
R S R — R R =
[Ru] +@[Ru] +G[Ru] + [Ru]
R R R R
y N 15 13 14 )

12
[ J/
Y h'd h'd
kH9 B 10 KA 11
R R R
Ri
; [Ru] [Ru] R [Ru] Ru
| R + | + | i + R |
R
R 16 R U7 R 18 19
- R - J
7 Y
AR 9 % 10 PSR Y
3+
N
wa- ()|
I\
N\_/N
B3 ELAR=ZRBmYHRKEEEYE
Fig. 3 Regioselectivity of catalyzed cylotrimerization
. versus Coupling of two Rhodium Atoms at Ethyne
3 & &

WEad 6,6~ H 2,2 Bmt g 5 RuCly -
SHO RN B T =M T Bl a9, s — L i
it SR A5 21 5 TBC b e TG A A A K a3 T A Y BT TR
B, AR R 0938 =R R NI, T LA
Yy 5 e 5 LA A B P ) - R L & 4 L BT AR
WL MBS Y FET 2 R - A W, &
J& G 48 A B ISE B SUHR 0 B S BE  3 JRH R B R
BEBRACEE I E & KB Y, 58 BUHE AL 18 35,
6., 6 P 2 HUA 22k 4 R 7 2000 A0 2 [ 3880 oz ) S5
7 AR X e B A B R R R A S X R i
RAZHI AL TR = RAALBE AL, BT SRR B =
AR R R T B R AE.

Bkt
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Cyclotrimerization of terminal Alkynes catalyzed by a
Ruthenium (][] ) complex bearing Bipyridine

YIN Chuan-qi , CHENG Jun, ZHANG Ping , CHEN Kuo
(School of Chemical Engineering and Pharmacy, 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-bis(6,6-dimethyl-2,2-bipyridine) dichloro ruthenium chloride dihydrate was synthesized
by the reaction of ruthenium trichloride trihydrate with 6, 6 -dimethyl-2, 2~bipyridine. Cis-bis (6,6~
dimethyl-2,2-bipyridine) diaqua ruthenium tri(trifluoromethyl sulfonate) was formed by dechloration
of Cis-bis(6,6-dimethyl-2, 2-bipyridine) dichloro ruthenium chloride in the presence of silver trifluo-
romethyl sulfonate. Cyclotrimerization of 1-hexyne, phenylacetylene and Ethyl propiolate catalyzed by
Cis- bis(6, 6~-dimethyl-2, 2-bipyridine) diaqua ruthenium tri(trifluoromethyl sulfonate) was studied.
The regioselectivity of the cyclotrimerization products is found: only 1,2,4- and 1,3, 5- trisubstituted
benzenes are formed, and the former is the major product. The catalytic mechanism reveals that the two
water ligands in Cis-bis(6,6-dimethyl-2, 2-bipyridine) diaqua ruthenium tri(trifluoromethyl sulfonate)
are first replaced by two alkyne molecules to form w-alkyne complex, which is then transformed to
hetero-ruthenium cyclopentadiene complex by oxidized coupling reaction. Hetero-ruthenium
cycloheptatriene or 7-hetero-ruthenium bicyclo[ 2. 2. 1]-2, 5-heptadiene is generated by the insertion
reaction or Diels-Alder reaction of the third alkyne molecule with the hetero- ruthenium cyclopentadiene
complex. The cyclotrimerization products are finally formed by reduced elimination reaction.

Key words: bipyridine Ru(IIl) complex; substituted benzenes; catalyzed cyclotrimerization; mechanism
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