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B W T ALK 2% -] A5 WI[Ru(CHC(PPh;)CH(2-Py))CLPPh;BF, (1)57K. HIE. FEAN 2-5%
FEMEE AR T[4+ 10 N, & T — R I BB 14T 2% £ P46 & W [Ru(CHC(PPh;)CHR(2-Py))CI(PPhs),]BF,
[R=O0H (2), OMe (3), FI NHPh (4)]5[Ru(CHC(PPh;)CH(S(2-Py))(2-Py))PPhs(S(2-Py)]BF, (5). M4k, KECArANMIFI i) 4]
BLEY 1 5 SRR AR RN, Hl#% T TR A4 8 25 A AL 5 Y [Ru(CHC(PPh;)CH(2-Py))Cly(PPhs),]BF,
(6). 6 5 HBF, X N AT AL 4 J8 4 IR g5 W B 40+ A & — S I AUET #2 L & W[ {Ru(CHC(PPh;)CH(2-Py))PPh; } o(u-
C1)3](BFy); (7). B b= i i i i (NMR) 5 J0 3 0 AT EAT T 3RAE, JHMRNT T 3850 =P ) X S 26 20 b 45 1.
KRR, BERE FREMMLGY; SRR [4+ 11658

Synthesis of Ruthena—polycyclic Complexes by
Ruthenium—Vinylcarbene Complex

Zhang, Chunhong Zhang, Hong Wei, Ailin He, Xumin* Xia, Haiping*
(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract Treatment of ruthenium-vinylcarbene complex [Ru(CHC(PPh;)CH(2-Py))C1,PPh;]BF, (1) and PPh; with nu-
cleophilic reagents HyO, CH;OH, NH,Ph, or 2-mercaptopyridine led to the ruthena-polycyclic complexes [Ru(CHC(PPh;)-
CHR(2-Py))CI(PPh;),]BF, [R=O0H (2), R=O0CH; (3), R=NHPh (4)] or [Ru(CHC(PPh;)CH(S(2-Py))(2-Py))PPh;-
(S(2-Py)]BF, (5). They are stable under air at solid state. CH;OH in the reaction is not only the reagent but also the solvent
and the reaction must be heated at 60 ‘C for 6 h. All the other reactions were carried out at room temperature in CH,Cl,. The
crystals of 4 and 5 were grown from CH,Cl, and CHCI; solutions layered with diethyl ether, respectively. The structures 4
and 5 were determined by X-ray crystallography. The crystal size of 4 is a=1.29145(3) nm, b=1.37687(5) nm, c=
1.86914(4) nm, a=92.114(2)°, f=106.271(2)°, y=96.333(3)° and the size of 5 is a=1.15333(18) nm, »=1.20072(19) nm,
¢=1.9081(3) nm, a=288.466(3)°, f=87.918(3)°, y=79.521(3)°. In addition, refluxing 1 with PPh; in CHCl; for 6 h to pro-
duce red solid [Ru(CHC(PPh;)CH(2-Py))Cl,(PPh;),]BF, (6). The reaction of complex 6 with HBF, at room temperature for 3
h afforded the (u-Cl);-bridged bisruthenium-vinylcarbene complex [{Ru(CHC(PPh;)CH(2-Py))PPh;},(u-Cl);](BF4); (7) in
87% yield. The crystal of 6 was grown from CH3;COCHj solution layered with diethyl ether, and the crystal of 7 was grown
from CHCI, solution layered with diethyl ether. The structures of 6 and 7 were also determined by X-ray crystallography. The
crystal size of 6 and 7 are a=1.13777(3) nm, b=1.56466(7) nm, ¢c=1.79541(7) nm, a="75.822(3)°, f=79.502(2)°, y=
79.259(3)°, a=1.68830(3) nm, h=2.33421(4) nm, ¢=2.48603(4) nm, a=90°, =96.5530(10)°, y=90°, respectively. The
CCDC number for 3, 5, 6, and 7 are 945539 (3), 945538 (5), 945541 (6), and 945542 (7). All these complexes were fully
characterized by elemental analysis and NMR spectroscopy.

Keywords ruthenium carbene; vinylcarbene; ruthena-polycyclic complex; nucleophilic addition; [4+ 1] cycloaddition
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Scheme 1 [4+ 1] Nucleophilic addition reactions of compound 1
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Figure 1 Molecular structure for the cation of 3

Ellipsoids at the 50% probability level. Counteranion and hydrogen atoms
in PPh; are omitted for clarity.
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Scheme 2 Possible mechanism for the formation of 2, 3 and 4
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K1 ALEW 3, 5~7 B K (nm) 5 8 () B
Table 1 Selected bond lengths (nm) and angles (°) for compounds 3, 5~7

3 5 6 7

Ru(1)—C(1) 0.1971(5)  0.1975(3) 0.1893(3) 0.1861(6)
Cc(1)—CQ) 0.1360(7)  0.1348(5)  0.1413(3)  0.1449(8)
C2)—CEQ3) 0.1508(7) 0.1515(5) 0.1364(4)  0.1344(9)
C(3)—C(@) 0.1496(7)  0.1504(5) 0.1446(4)  0.1433(9)
Ru(1)-C(1)-C(2)  115.03) 1184(3) 127.92) 121.0(4)
C(1)-CQ)-CB)  1147(4) 11433) 123.02) 122.8(5)
C(2)-C3)-C@)  1102(4) 109.1(3) 127.73)  128.7(6)

IR SR EE R 2 TRl DUE B, £ L R BC AT 4546 4L ith
NIRRT, C(1), S(1), N(1), S2)73 7 54 )\ I 4444
R RIE1 LR DY T R, N2)L5 PO o 48 Al ) 47
. Ru(D)—C(HEEK R 0.1975(3) nm, 5I&AT]
ZRTARIE (R AT L A K 0.1986(4) nm! AL,

4 Ru—C HuE. C(1)—CQ)MIHEK AL 0.1348(5) nm, Ay it
I C=C WEE. B, &YW 5 KRBT LIAESS
AU IBCE PR TC I Ak, T e A & A i BOIR AS

B2 a5 e 1 i ik

Figure 2 Molecular structure for the cation of compound 5

Ellipsoids at the 50% probability level. Counteranion and hydrogen atoms in
PPh; are omitted for clarity.

NERFAE.
2 B3I, 5,65 7 1 AR
Table 2 Crystal data and structure refinement for 3, 5, 6 and 7
Complex 3«3CH.Cl, 5¢CHCl, 6°2CH;COCH; 7+10H,0O
Formula CesHeoBCl;EsNOP;Ru CssHasBCL3F4N3P,RuS, CesHesBCLEsNO,P;Ru CssHo,B3CL3F1oN>010PsRus
M, 1412.09 1168.23 1277.88 2030.44
Crystal system Triclinic Triclinic Triclinic Monoclinic
Space group P-1 P-1 P-1 P2(D/c
a/nm 1.29145(3) 1.15333(18) 1.13777(3) 1.68830(3)
b/mm 1.37687(5) 1.20072(19) 1.56466(7) 2.33421(4)
¢/nm 1.86914(4) 1.9081(3) 1.79541(7) 2.48603(4)
al(®) 92.114(2) 88.466(3) 75.822(3) 90
BI) 106.271(2) 87.918(3) 79.502(2) 96.5530(10)
/(°) 96.333(3) 79.521(3) 79.259(3) 90
V/nm® 3.16302(15) 2.5961(7) 3.0131(2) 9.7331(3)
VA 2 2 2 4
dearea/(geem ) 1.483 1.494 1.408 1.386
F(000) 1440 1188 1316 4144
Crystal size/mm 0.4X0.25X0.1 0.25X0.15X0.08 0.3X0.2X0.2 0.2X0.2X0.05
0 range/(°) 2.80~25.00 1.07~25.00 2.70~25.00 3.03~25.00
Reflns collected 25629 13197 25834 75112
Indep reflns 11117 8984 10608 17078
Data/restraints/params 11117/0/757 8984/0/640 10608/0/739 17078/12/1105
GOF on F 1.033 1.249 0.828 1.071
Ri/wR, (I>20(1)) 0.0622/0.1734 0.0501/0.1389 0.0360/0.0574 0.0754/0.2305
R\/WR; (all data) 0.0723/0.1799 0.0552/0.1426 0.0668/0.0610 0.0927/0.2488
largest peak/hole/(eA ) 2.323/—1.375 0.954/—0.724 0.580/—0.469 2.375/—0.971

Acta Chim. Sinica 2013, 71, 1373—1378

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn

1375



W F F R

22 HEMERZ s-INT =% 1 mAERMEES s
T 6 5ZRIKT phitik

BT 2% s-lT 05 1 15T & Jd o 16 T RLAT A
PRI, ek — 110 = 2RI I N m) 3 24T 42 rpoey
18 B FREALHLAI L &4 6, il 3 FioR. Lkifii. X
SR B A AT SR AR S 6 A SO 1B AR T 0.

AP 6 107 P NMR (s b 24 Bl BihrAe %] o
LA SEN BRI 22 A T 6 3.82, 1 B-C
M ZE S AL AR R A7 T 0 16.2. 6 [ 'TH NMR H, o-H
W2 A 6 21.7, HATW R -R =ERHE, y-H 12447

b 68.32. 75 PC NMR ', a-C (A2 A T 0 294.8,

A1 o-C M RIS (6 258.3) U LT 2 %
Vs B, DLIIHCR SRR S W)

‘ BF,
Q\¢ ‘
Ux
|/ \

Phs

PPhy *  BFy
cl 5 PPhy 4
__PPhg, CHCl3 "% 7
reflux 6 h, 90% / ‘ ‘N’

PPh3

HBF4/Et20
DCM,
3h, 87%

N PPhs PPh 3BF4

74
u\ /Ru \N

B3 kawe 571G
Scheme 3 The synthesis of compounds 6 and 7
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B3 Aba 6 RIBHE 70 1 b R a1 1

Figure 3 Molecular structure for the cation of 6

Ellipsoids at the 50% probability level. Counteranion and hydrogen atoms in
PPh; are omitted for clarity.
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Figure 4 Molecular structure for the cation of compund 7

Eellipsoids at the 50% probability level. Counteranion and some of the hydro-
gen atoms are omitted for clarity
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Schlenk #4F. 7% s- T — 4 1 ZROCBR[13]40E K7
AR
41 EM2MEK

7£ 100 mL NV HEH, I 1(899 mg, 1.00 mmol)Fl
=R (1.31 g, 5.00 mmol), 7 A 40.0 mL CH,Cl,,
A H,0 (0.18 mL, 10.00 mmol). <V 30 min, ¥#K4E, Bk
Yok, TIRA93) 1.04 g 2 @A, 723 91%. 'TH NMR
(400.13 MHz, CD,Cl,) d: 11.56 (dt, J(PH)=18.0 Hz, 3.5
Hz, 1H, RuCHC(PPh;)), 7.81~6.44 (m, 49H, CH in PPh;
and Py), 5.94 (d, J(PH)=5.0 Hz, 1H, RuCHCPPh;CH);
'p {'H} NMR (161.96 MHz, CD,Cl,) d: 7.96 (s, CPPh;),
41.25 (d, J(PP)=37.1 Hz, RuPPh;), 61.05 (d, J(PP)=36.8
Hz, RuPPh); *C {'H} NMR (100.63 MHz, CD,Cl,) o:
241.90 (m, RuCH), 156.40 (s, CHCHCHCHN), 155.84 (s,
CH(OH)C), 105.75 (d, J(PC)=82.1 Hz, CPPhs), 80.73 (d,
J(PC)=29.9 Hz, C(PPh;)CH), 136.69~119.85 (m, CH in
PPh; and Py). Anal. caled for Cg,HspyCINORUP;BF,: C
65.13, H 4.58, N 1.23; found C 65.25, H 4.64, N 1.37.

42 HEMIMERK

76 100 mL NI, I 1 (899 mg, 1.00 mmol)Fil
=IORIERE (1.31 g, 5.00 mmol), VEA 40.0 mL FEE, i
Wik, 60 TN 6 h. W HIEIRAE, CBFITIE YR, 1dIE,
T35 1.06 g FOEE, 7% 92%. 'H NMR (400.13
MHz, CD,Cl,) §: 11.56 (dt, J(PH)=18.2 Hz, J(PH)=4.5
Hz, 1H, RuCHC(PPhs)), 7.83~6.51 (m, CH in PPh; and
Py), 5.41 (d, J(PH)=5.3 Hz, 1H, RuCHCPPh;CH), 2.21 (s,
3H, OCHa); *'P {'"H} NMR (161.96 MHz, CD,Cl,) J: 8.61
(s, CPPhs), 39.11 (d, J(PP)=38.9 Hz, RuPPhs), 63.87 (d,
J(PP)=38.9 Hz, RuPPh;); °C {'H} NMR (100.63 MHz,
CD,Cl,) 6: 242.55 (m, RuCH), 154.35 (s, CH(OH)C),
156.95 (s, CHCHCHCHN), 136.50~119.69 (m, CH in
PPh; and Py), 104.77 (d, J(PC)=81.3 Hz, CPPh;), 88.62
(d, J(PC)=28.8 Hz, C(PPh;)CH), 58.72 (s, OCH;). Anal.
calcd for Cy;Hs54BCIF,NOPs;Ru: C 65.38, H 4.70, N 1.21;
found C 65.35, H 4.84, N 1.28.
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43 LEMAIHER

7E 100 mL NI, IIA 1(899 mg, 1.00 mmol)Fl
= RELRE(1.31 g, 5.00 mmol), VEA 30 mL CH,Cl,, InA
ZK[%(0.27 mL, 3.00 mmol). JZ V. 5 min, ¥#4H, LBEDEE,
TR 115 g seaE Ak, 7% 95%. 'H NMR
(500.17 MHz, CDCl3) §: 11.90 (d, J(PH)=17.4 Hz, 1H,
RuCHC(PPhy)), 8.47 (d, J(HH)=2.4 Hz, 1H, NCH),
8.16~6.91 (m, CH in PPh; and Py), 5.19 (d, J(PH)=3.9
Hz, 1H, RuCHCPPh;CH), 4.56 (s, 1H, NH); *'P {'H}
NMR (202.47 MHz, CDCl5) d: 7.36 (s, CPPhs), 43.00 (d,
J(PP)=35.7 Hz, RuPPh;), 50.17 (d, J(PP)=35.9 Hz,
RuPPh;); °C {'H} NMR (125.77 MHz, CDCl;) J: 243.94
(br, RuCH), 156.98 (s, CHCHCHCHN), 156.83 (s,
CH(OH)C), 136.20~119.91 (m, CH in PPh; and Py),
104.12 (d, J(PC)=78.6 Hz, CPPhs), 77.71 (d, J(PC)=27.9
Hz, C(PPh;)CH). Anal. calcd for CgHssBF,CIN,P;Ru: C
67.03, H 4.72, N 2.30; found C 66.84, H 4.74, N 2.53.

44 HLEMSHEK

7E 100 mL NI, A 1 (899 mg, 1.00 mmol),
2-FFEMERE (330 mg, 3.00 mmol), A 30 mL CH,CL.
SV 45 min, i, b PSR, H CHLCL SE3ENI
NI, i CHCL/WEA(V @ V=10 : 1)L 2 5
W, AT E] 0.63 g FAME A, F7F 60%. 'H NMR
(500.17 MHz, CDCl;) 6: 11.58 (dd, J(PH)=18.1 Hz, 4.3
Hz, 1H, RuCHC(PPh;)), 8.36 (d, J(HH)=3.5 Hz, 1H,
RuCHC(PPh;)CHCNCH), 7.79~6.21 (m, CH in PPh; and
Py), 5.89 (d, J(PH)=3.0 Hz, 1H, RuCHC(PPh;)CH); *'P
{'"H} NMR (202.47 MHz, CDCl;) 6: 9.18 (s, CPPh;),
54.05 (s, RuPPhs); *C {'"H} NMR (125.77 MHz, CDCl5) §:
240.85 (m, RuCH), 179.38~119.91 (m, CH in PPh; and
Py), 104.79 (d, J(PC)=77.5 Hz, CPPhs), 71.43 (d, J(PC)
=27.9 Hz, C(PPh;)CH), Anal. calcd for CssH;4sBF4N3-
P,RuS,: C 61.83, H 4.23, N 4.01; found C 61.80, H 4.56, N
431.

45 LEY6 A

7E 100 mL VIR, IIA 1 (899 mg, 1.00 mmol),
= IORIEME(1.31 g, 5.00 mmol), VEA 30 mL &4, fH%
fi. 60 Chidh 6 h, il 1.04 g RLLAEIE, 7% 90%.
'H NMR (400.13 MHz, CD,Cl,) d: 21.75 (dt, J(PH)=12.7
Hz, 5.9 Hz, 1H, RuCHC(PPh;)), 9.15 (d, J(PH)=5.8 Hz,
1H, NCH), 833 (d, J(PH)=17.7 Hz, 1H, RuCHC-
(PPh;)CH), 7.86~6.45 (m, CH in PPh; and Py); *'P {'H}
NMR (161.97 MHz, CD,Cl,) J: 16.27 (s, C(PPhs)), 3.80 (s,
RuPPh;); °C {'"H} NMR (101.64 MHz, CD,Cl,) J: 294.8
(m, RuCH), 160.0 (s, CHN), 153.0 (d, J(PC)=15.8 Hz,
RuCHC(PPh;)CHC), 143.6 (d, J(PC)=17.3 Hz, RuCHC-
(PPh3;)CH), 139.2~117.4 (m, CH in PPh; and Py), 121.5
(dt, J(PC)=89.1 Hz, 3.5 Hz, RuCHC(PPh;)). Anal. calcd
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for C62H51C12P3BF4NRUZ C 6410, H 442, N 121, found C
64.18, H4.79, N 1.15.

46 EMTHIEMK

76 100 mL IR, I 6 (585 mg, 0.50 mmol),
A 20 mL S b, AR, N DU SR £ ks
Wi(110 L, 0.650 mmol), =i 3 h, W4, LML,
T3] 405 mg L @A 7, 7% 87%. 'H NMR
(400.13 MHz, CD,Cl,) é: 18.76 (t, J(PH)=10.4 Hz, 2H,
RuCHC(PPhy)), 8.40 (d, J(PH)=3.9 Hz, 2H, NCH), 8.20
(d, J(PH)=18.0 Hz, 2H, RuCHC(PPh;)CH), 7.98~6.59
(m, CH in PPh; and Py); *'P {'H} NMR (161.97 MHz,
CD,CL,) d: 34.92 (s, RuPPhs), 19.52 (s, CPPhy); °C {'H}
NMR (101.64 MHz, CD,Cl,) 6: 314.5 (d, J(PC)=17.3 Hz,
RuCH), 156.2 (d, J(PC)=15.2 Hz, RuCHC(PPh;)CHC),
147.9 (d, J(PC)=17.3 Hz, RuCHC(PPh;)CH), 141.8 (s,
CHN), 118.7 (d, J(PC)=88.4 Hz, RuCHC(PPh;)). Anal.
calcd for CggH7,CL3P4B3F,N,Ru,: C 57.12, H3.92, N 1.51;
found C 56.81, H 4.20, N 1.57.

4.7 SRIREHBINE S BT

X GFek S S5 M #E Oxford Gemini S Ultra BY,
Rigaku R-AXIS SPIDER IP CCD i _FISEE5dE, K
AR B4R Mo Ka S 4:(1=0.71073 A). 2%
B2 WU IE, 455 BB . S5 AT RO
&K ] SHELXTL-97 8456 k. AEZUR 1 1K AR b 22
H Fourier &Pz, JFxfHARRR K 25 ) Sk S 40
17T MR D KB IE, SR AR R o S
€. CCDC: 945539 (3), 945538 (5), 945541 (6)F1 945542
.
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