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Elucidation of the Skeletal Rearrangement of
a Perpendicularly Coordinated Alkyne Ligand on

the Triruthenium Cluster
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I ZEBAToUARVEE RY R ERIGKEREORIG

FH— AT, BOEEEE L TRV AR L OSBERESTHHZ L b, SADL¥ET
ROERIBNTREREEEHE T D, EHRAEO SIS DREIL, BROEERIZL5ER
HEERL, BELeRREMOLETFEBEICE S LB XL DN TWS, BEREHIEN RS
EHELZTRTS, RISKEWIRESKNETH D Z &R0, BERY~ORISRIEN Ui UiZRIE
LB 5. B RAME CITREEICEM T 2RET 52 LI Lo TERBROICBNERD 25
B ENTEDR, CH HDWE C-CHEEDUIWREETHRISICERT S Z Li3# LY, Z
DL RN EBE A FTEBHAZ TR INETESEBRF L L 2BRADRLBEMNFIZEDR
ISEORIEMRTEER 7 T R F —fic AT - B L TE i, !

FTBAFZEE Tk Z W E CIZ multimetallic activation INFIEE/R 7 T A X — & LT, Cp RXFHEAL
FEAETHIRIEFY FI FRZ—DRGHRERELRIT L. P OEBICEL—EDRY
ERY RZFRAF—DEART RIHB IOV T =0 LY T AY —~ORGEIMFDOEAIC
LB RUSHDOETFIRESE, 'S ERNOREEBHE LT =47 7R FZ—08/R. " VT =
VAT FGAZ—RUN~DOEBE LTRESR 7 A — DR EER L TE ],

BIZZBAT = AU Z e FY RFEEE {Cp*Ru(u-H)}s(us-H), (1, Cp* = #°-CsMes) DFURIE
TR ENTE I, $#E11IITAD Y, TAF Y, TAF LW oloir REEDORLASE
ke e RIS L, %@E*»b@%ﬁé’ﬂfi@% IRV RCEEEZTEM LT 2N EETHZ &
BHLIZ SN, 2 {EZRCREERT A E B RIG L, B#EOT VA bk closo BV

! (a) Ohki, Y.; Uehara, N.; Suzuki, H. Angew. Chem. Int. Ed. 2002, 41, 4085-4087. (b) Ohki, Y.; Uehara, N.; Suzuki,
H. Organometallics 2003, 22, 59-64. (c) Suzuki, H.; Kakigano, T.; Tada, K.; Igarashi, M., Matsubara, K.; Inagaki, A.;
Oshima, M.; Takao, T. Bull. Chem. Soc. Jpn. 2005, 78, 67-87. (d) KA ¥EEL, FAIFRIL, WA TEKZ2002). (e)
LR ERL FAGRI, RAELEKREQ2006). () BREET, £, FERIHEKHEQ2007). (g) Omori, H.;
Suzuki, H.; Moro-oka, Y. Organometallics 1989, 8, 2270-2272. (h) Tada, K.; Oishi, M.; Suzuki, H.; Tanaka, M.
Organometallics 1996, 15, 2422-2424. (i) Ohki, Y.; Suzuki, H. Angew. Chem. Int. Ed. 2002, 41, 2994-2997. (j) %& L
R, BELER30, RELIHEKRFE1991). (k) £H B—, FERL, RREILEKRFE1997). (1) Okamura, R.; Tada, K.;
Matsubara, K.; Oshima, M.; Suzuki, H. Organometallics 2001, 20, 4772-4774. (m) R 2A4c, ELHL, FREL
2 KE(1995). (n) NIE BT, E-ER3C, HIETEKRT1998). (o) )L A, B, ERTERE
(2001). (p) FAKT B, AT, HRILTEARF2002). (q) FIF £, B3R, FRTEREQ004). 1) XiE
B, AR, R TEART(2003). (s) Shima, T.; Suzuki, H. Organometallics 2000, 19, 2420-2422. (t) Shima,
T,; Ito, J.; Suzuki, H. Organometallics 2001, 20, 10-12. (u) Shima, T.; Suzuki, H. Organometallics 2005, 24,
3939-3945. (v) Ito, J.; Shima, T.; Suzuki, H. Organometallics 2006, 25, 1333-1336. (w) & F&HI, AR5, HK
TEREQ2001). (x) A WA, BRI, RRIERZFE2001). (v) IEE @IS, B3R5 HRTERE
(2002). (z) 7R 15—, FNAERST, FRITEKF(2004).

2 (a) Suzuki, H.; Takaya, Y.; Takemori, T.; Tanaka, M. J. Am. Chem. Soc. 1994, 116, 10779-10780. (b) Inagaki, A.;
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FFirueE VR MIZEEENICELNS Eq 1-1), 2 ARGE, T E
FUEE U BRI 2L P ARG 235 T 5 L CTHERRIG TH 5. ZhE TOMEDRERIDL
R L EBEOT AL EDRISIZR L TIX Scheme 1-1 1R T & 5 R REI LTV S,
P BUSDE—BEETIX, TAN L OERE CHESOBHAMIZZ > Tus-TAF I D UiEE A
BERT D, TAD RO RIERE TIXZ O8ERIIREETH D, ESL0IZ p KEREEL
H, DIEEREIT L C p- B2 ) F U8B 4 TSNS, 851K 4 1IMEGM T CRERME T LV
XU 3, - P AT T T U VEEIR S L EERRIBIC AR Y | R S DO KBELFORHBET DS Z LIz
L0 & BICBRERRISIERT 5, 20 L 5 RSBEICE LSBT DERFSEET, 8
BICREREER 2 PERT D LEZLON TS, BRERDOUSHEELZFFMIFRTHZ &I
X o T AELSTOBBEC L 2R 1 FOBENRAHNLRERERETHFTEL TVDHT LM

I,
"fr =T

Ru
\H
ﬁg

HI Eq.1-1

i s/ [
/)j i70°C Ri- % g-- u}
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Takaya, Y.; Takemori, T.; Suzuki, H. Tanaka, M.; Haga, M. J. Am. Chem. Soc. 1997, 119, 625-626. (¢) Takemori, T.;
Inagaki, A.; Suzuki, H. J. Am. Chem. Soc. 2001, 123, 1762-1763. (d) Inagaki, A.; Takemori, T.; Tanaka, M.; Suzuki,
H. Angew. Chem. Int. Ed. 2000, 39, 404-406. () Suzuki, H.; Inagaki, A., Matsubara, K.; Takemori, T. Pure. Appl.
Chem. 2001, 73, 315-318. (f) Takao, T.; Kakuta, S.; Tenjimbayashi, R.;, Takemori, T.; Murotani, E.; Suzuk, H.
Organometallics 2004, 23, 6090-6093. (g) Takao, T.; Takaya, Y.; Murotani, E.; Tenjunbayashi, R.; Suzuki, H.
Organometallics 2004, 23, 6094-6096. (h) B4 (£, &+% 3‘£ HRTERY (1994). (i) ER %N, L5
3, HRILEKRSE (2000).(G) &R BF, FAMI, FRTEKRF (2000). k) 7T FIER, S8R, 3R
E£RFE (2001).

3 (a) Matsubara, K.; Inagaki, A.; Tanaka, M.; Suzuki, H. J. Am. Chem. Soc. 1999, 121, 7421-7422. (b) 578 &, &
ALFRIC, R THEKE (2005).
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Scheme 1-1. $516 1 &L 7 v & DRISDHEER AR,

DT NI AGEACBIGDHRAE L U TBRES NS BEEME T VX VK3 X881 LT
NI v S DRICKBICEDE DRIGIZBOTHERT 5,651 LXAF LU EDRBRTTOX
ST =R TV VT 88 da BAER LI BRICEMEIE L. ma(L)-7 == AT &F L 884 3a 28
AT D EBql1-2) * Fiz, K1 L 72 ATEF L2 EORGTIE, BR T CERHIZEE
W3 VERTD Eq1-3) 2 —F, 1L 13-~FY VT & DFUS T, pyn’-1-2F)L-
DAZaT YNGR Sh BER L, 5b OMBRSIZ L 2 T e~ l-~F 2= U F U8k b ~ L £
PR L72BIT, p(L)-1-~F U8R 3b AR T D Z L BB EN TS (EBq 1-4), * Z0k
DI LT L A ETRTOBEDRILARILEW & DRISICBWTEHERIDERIPBR I
Bo A EIPB B35 & 91T pa(L)-T N R 3 IZEA T =0 MBIV ALK R &
DEIGIZBWTHERER ZH-TRY, ZO$EENLTAD Y, TATFY TAX Y, P
T DHEEEBEOTRRMEN RSN Figurel -1), Z 2T, KERTOBBERCSEBOTM 2 X
RLUTHWIERZHLNITD I &I Lo TEEZ G U RIGKEEZFEE L L2#H L WIS
BRAHEND Z LB/ sNnD,
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Bl AN =NT T RE—ZBIT DT X EEROHZ

ANR=N T TFAEZ =BT BT VX 8T, BERE \
DT EFUVVRERBDETNVEEZ LN, SEMICHRBITA / \ closo — I~
b TEi,’ ZBI TRAE—IZBWTTAF ‘/Eﬂﬁ?@ﬁa{i ” \‘«7
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:ﬂzﬁﬁﬂﬁ’_ﬂkﬁﬁbzﬁa{ﬁ LI BEHEMENGFET S, 28 /

c—\——c
-« nido —
M—M -

B EFxE5 (Polyhedral Skeletal Electron Pair Theory; 4
PSEP) Ic &5 &, BERAMT L% LR T 2T 5 Siss  Figure 1 -2 ff;j;’,ﬁiﬁw =
FIFFACZZATSEED closo Bl & £ % b, FATRMAT

N UEERIT closo B b —DTER B Rk T nido Bl £ % 5 Z L 3 CE B(Figure 1 - 2), ¢ F4T
BB J O EEENME T L% EEEDH]% Table1-1 & Table1-2 IZF &7, TAF VR
R BRI TATRAM R CIX 1.33-147 A, BEEMEITIZ 1.35-1.44 A TH Y | EAEROE VI
Lo T C=CRHEEREICRERBTR bW,

INE TIZRE SN TN BB OENVD S | BEENEND S TEAEL D 5 238 I
BETHD Z EHTFRENT, FATRMBSEEDOBEHRETXILT L7210, 33 keal mol” DRE1L
D/LNAIN, BEEME TIIERETFAIL6 THSB7H 15keal mol ! LHREL SR,
D7D FATEMEDFBLZBITERT H L BRRBN T3, *Z D& HBERIT, L Hickel
EEAVEERHECL > THOX/FIh TS, 7

4 (a) Muetterties, E.. L. Science, 1977, 196, 839-848. (b) Muetterties, E. L.; Rhodin, T. N.; Band, E.; Brucker, C. F.;
Pretzer, W. R. Chem. Rev. 1979, 79, 91-137. (c) Zaera, F. Chem. Rev. 1995, 95, 2651-2693.

° (a) Sappa, E.; Tiripicchio, A.; Braunstein, P. Chem. Rev. 1983, 83, 204-239. (b) Deabate, S.; Giordano, R ; Sappa, E.
J. Clust, Sci. 1997, 8, 407-459.

S Wade, K. In "Transition Metal Clusters"; Johonson, B. F. G., Ed. Wiley: New York, 1980; p 193.

7 Halet, J.-F.; Saillard, J.-Y:; Lissillor, R.; ; McGlinchey, M. I.; Jaouen, G. Inorg. Chem. 1985, 24,218-224.
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Table1-1. SATEAIEIT L% 88D EREEE (A)

Clusters M, -Mg M-M; M;-Ms; C-C Ref.
(CpNi),Fe(CO)(C,H,) 2.395(2) 2391(2)  2.396(2) 1.334(18) 8
(CpNi),Fe(CO)s(C,Phy) 2.381(5) 2388(4)  2.404(4) 1.34(2) 9
(CpNi),Ru(CO)s(C,Phy) 2.418(4) 2496(3)  2.418(4) 1.403) 9
(CpNi)CoFe(CO)s(C-Ety) 2.494(1) 2402(1) 24320 1.371(D) 9
(CpNi)CoFe(CO)s(PPh;)(C,Phy) 2.390(4) 2.467(4)  2.486(4) 1.34(2) 10
(CpNi)CoRu(CO)¢(C,Ph,) 2.565(1) 2399(1) 2560(1) 1377(9) 10
(CpNi)CoOs(CO)(C,Ph,) 2.570(1) 2.5865(5)  26875(5) 1.370(3) 10
Co,Ru(CO)o(C,Phy) 2.4535(5)  2.5865(5) 2.6875(5)  1370(3) 10
[(CpNi)Fe,(CO)s(C,Ph,)}[NiPMesCp]  2.506(1) 2.453(1)  2.474(D) 1.383(7) 11
Co,Fe(CO)(CEty) 2.479(1) 2489(1) 2576(1) 137(1) 12
0s5(CO)s(PPh3)(C,Et) 2.734(1) 2.847(1)  2.890(1) 1.393(15) 13
053(CO)s(CeHg)(C:Mey) 2.791(1) 2708(1)  2.832() 1.44(2) 14
(CpW),0s(CO),[CoACsH,Me),] 2.836(2) 2.857(1)  3.158()™Y  1.46(3) 15

2.871(1) 2.987(1) 2.987(D>Y  1.42(3)
(CpW),0s(COY[C(CsHaMe),] 2.863(2) 2.8392) 3159V 1.4703) 16

3.017Q2) 2.876(2)  2.9812)%Y  1.43(3)
Pt,(PPh3),08(CO)s(C:Me,) 2.664(2) 2.669(2)  3.033Q2) 1.40(1) 17
Os5(CO)7(PBus)(dppm)(C,Phy) 2.783(1) 2774(1) 2885(1) 1.38(2) 18
H,Rus(CO)s(C,Phy) 2.734Q2) 2.829(2)  3.008(2) 1388(8) 19
H;Rus(CO)s(MeC,0Me) 2.743(1) 2.827(1)  2.797(1) 1.402(8) 20
H,Ru3(CO)o(HC,OEY). 2.824(2) 2770Q2)  3.006(2) 1.40(5) 21
HRus(CO),(PPhs)(C,EL) 2.889(2) 27572)  2.993(2) 13421 22
H,Ru3(CO)s(PPh;)s(C-EL,) 2.891(1) 2.7441)  3.077(1) 1.368(10) 22
H,Ru3(CO);(dppm)CsHs 2.852(1) 2.728(1)  3.020(1) 1.37(1) 23
HRus(CO)s(HC,CoHPPhs) 2.731(D) 2.874(1)  3.021(D) 1.44(3) 24

2.7497(4)  2.871(1)  3.016Q1) -
HRu3(CO)s[PhC(CN'Bu)] 2.7497(4)  2.7372(4)  2.9644(5)  14153) 25
H:Ru3(CO)s(C,Me,) 2.858(1) 2763(1)  3.013(1) 1.434(4) 26
Fes(CO),0[C(CH,0Me),] 2.665(1) 2.534(1)  2.534Q1) 1.3496) 27
Rus(CO)o(C:Mey) 272717y 2.7092(6)  2.8304(7) - 28

27213(6)  2.7092(6)  2.8186(7)  1.359(7)
Rus(CO)s(PMe,Ph),[Co(COOMe),] 2717(1) 272000 2.817(1) 1.3797) 29
Rus(COY(C,Pho)([2,2]paracyclophane )  2.6969(13)  2.6957(12) 2.8006(13)  1.409(13) 30

Ma

R\/ i\ R
/N

MM

® Sironi, A.; Gervasio, G.; Sappa, E. J. Cluster Sci. 1994, 3, 535-549.

9 Sappa, E.; Lanfredi, A. M. M_; Tripicchio, A. J. Organomet. Chem. 1987, 326, C65-C70.

1 (a) Einstein, F. W. B.; Tyers, K. G; Tracey, A. S_; Sutton, D. Inorg. Chem. 1986, 25, 1631-1640. (b) Einstein, F. W.
B.; Freeland, B. H; Tyers, K. G; Sutton, D.; Waterous, J. M. J. Chem. Soc., Chem. Commun. 1982, 371-372.

n (a) Bruce, M. L; Rodgers, 1. R.; Snow, M. R.; Wong, F. S. J. Chem. Soc., Chem. Commun. 1982, 1285-1287. (b)

12 Aime, S;;Milone, L.; Osella, D.; Tiripicchio, A.; Lanfredi, A. M. M. Inorg. Chem. 1982, 21, 501-505.

13 Rosenberg, E.; Novak, J. B.; Gellert, R. W.; Aime, S.; Gobetto, R.; Osella, D. J. Organomet. Chem. 1989, 365,
163-185.

1 Braga, D.; Grepioni, F.; Johnson, B. F. G;; Parisini, E.; Martinelli, M.; Gallop, M. A.; Lews, J. J. Chem. Soc.,
Diaton Trans. 1992, 807-812.

% Shapley, I. R.; Park, J. T; Churchill, M. R.; Bueno, C.; Wasserman, H. J. J. Am. Chem. Soc. 1981, 103, 7385-7387.
15 Busetto, L., Green, M.; Howard, J. A. K.; Mills, R. M.; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Chem.
Commun. 1981, 1101-1103.
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Table 1 - 1. (Continued)

Clusters M1 —Mz Mz"M3 M1 -M3 C-C Ref.
0s3(C0O),C,Phy 2.711(1) 2.844(1) 2.883(1) 1.439(10) 31
Os3(CO) CEL 2.755(1) 2.763(1) 2.832(1) 1.378(3) 32
0s3(CO)e(dppm)(CoMe,) 2.758(1) 2.766(2) 2.810(1) 1.41(4) 33
0s:(CO)s(dppm){C2(CFs),] 2.785(2) 2.790(2) 2.818(2) 1.36(4) 33
085(CO) 0| CACOOMe),] 2.722(1) 2.802(1) 2.850(1) 1.53(2) 34
(CpRh);3(u-COYCCsFs)] 2.672(1) 2.599(1) 2.588(1) 1.39(1) 35
(CpNi)(CpRm)Ru(CO)(C.H,) 2.550(3) 2712(3) 2.553(2) 1.383(7) 36
(CpRu);Fe(CO)s(C-Hy) 2.676(1) 2.672(1) 2.676(1) 1.412(7) 37
(CpRu),R(CO);s[Co(CF5),] 2.705(1) 2.728(1) 2.852(1) 1.413(5) 37
(CpCo)(CpR)Ru(CO),[Co(CF3),] 2.69 2.61 2.72 - 38
(CpRh)(15-COXCoPhy) 2.655(1) 2.638(1) 2.674(1) 1.39(1) 35
(CpRh),Rh(COYO,CMe;CHMes)[CCFz),]  2.654(1) 2.692(1) 2635(1) 1.413(8) 39
0s3(CO)o(CH,)X(C,Phy) 2.736(1) 2.738(1) 2.765(1) 1.413(8) 40
Fe3(CO)s(CoPhy), 2.457(5) 2.469(5) 2.592(5) 1.39(3) 41
Rus(CO)(CoPhy)2 2.6566(6) 2.6646(7)  2.7264(T) 1.401(5) 28
053(CO)(C,Phy)(C.Ph) 2.744(2) 2.814(2) 2.680(2) 1.33(3) 42
(CpW)Re(CO)s(us-SPh)Y(HC,Ph) 2.926(1) 2.967(1) 4.620(2) 1.42(2) 43
[(u-CHRu3(CO)s(CPhy)][PPN] 2.777(1) 2.775(1) 3.659(1) 1.412(8) 28
(H)(PPh;)Ru;(CO)o(C,Phy) 2.908(1) 2.813(1) 3.838(1) 1.415(11) 44
Pt3(CO)(dppm);[HC,(OEY)] 2.623(1) 3.205(1) 3462(1) 1.38(2) 45

17 Farrugia, L. J.; Howard, J. A. K.; Mitrprachachon, P; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Dalton Trans.

1981, 162-170.
8 (a) Clucas, 1. A.; Dolby, P. A.; Harding, M. M.; Smith, A. K. J. Chem. Soc., Chem. Commun. 1987, 1829-1831
Harding, R. A.; Smith, A. X. J. Chem. Soc., Dalton Trans. 1996,117-123.

¥ Cauzzi, D.; Giordano, R.; Sappa, E.; Tripicchio, A.; Camellini, M. T. J. Cluster Sci. 1993, 4, 279-296.

% Churchill, M. R.; Fettinger, J. C.; Keister, B. J.; See, R. F.; Ziller, J. W. Organometallics 1985, 4, 2112-2116.
2! Deeming, A. J.; Kabir, S. E.; Nuel, D.; Powell, N. L. Organometallics 1989, 8, 717-722.

2 Paw, W, Lake, C. H.; Churchill, M. R.; Keister, B. Organometallics 1995, 14, 3768-3782.

2 Bruce, M. L; Hinchliffe, J. R.; Skelton, B. W.; White, A. H. J. Organomet. Chem. 1995, 495, 141-148.

* Bruce, M. 1; Nicholson, B. K.; Williams, M. L. J. Organomet. Chem. 1983, 243, 69-78.

# MacLaughlin, S. A.; Johnson, J. P.; Taylor, N. J.; Carty, A. J.; Sappa, E. Organometallics 1983, 2, 352-355.

% Aime, S.; Bertoncello, R.; Busetti, V.; Gobetto, R.; Granzzi, G.; Osella, D. Inorg. Chem. 1986, 25, 4004-4011.
77 Lentz, D.; Renter, M. Chem. Ber. 1991, 124, 773-775.

28 Rivomanana, S.; Lavigne, G; Lugan, N.; Bonnet, J.-J. Organometallics 1991, 10, 2285-2297.

» Bruce, M. 1.; Humphrey, P. A..; Miyamae, H.; White, A. H. J. Organomet. Chem. 1991, 417, 431-437.

¥ Blake, A. I.; Dyson, P. I.; Ingham, S. L.; Johnson, B. F. G; Martin, C. M. Organometallics 1995, 14, 862-868.
3 (a) Tachikawa, M.; Shapley, T. R.; Pierpont, C. G. J. Am. Chem. Soc. 1975, 97, 7172-7174. (b) Pierpont, C. G
Inorg. Chem. 1977, 16, 636-639.

- (b)

3 Rosenberg, E.; Novak, J. B.; Gellert, R. W.; Aime, S.; Gobetto, R.; Osella, D. J. Organomet. Chem. 1989, 365,

163-185.

* Brown, M. P Dolby, P. A.; Harding, M. M.; Mathews, A. I.; Smith, A. K.; Osella, D.; Arbrun, M.; Gobetto, R.;

Raithby, P. R.; Zanello, P. J. Chem. Soc., Dalton Trans. 1993, 827-834.

s Deeming, A. I.; Senior, A. M. J. Organomet. Chem. 1992, 439, 177-188.

* Trihn-Toan; Broach, P. W.; Gardner, S. A.; Rausch, M. R.; Dahl, L. F. Inorg. Chem. 1977, 16, 279-289.
3 Sappa, E.; Tripicchio, A.; Camellini, M. T. J. Organomet. Chem. 1981, 213, 175-184.

3 Adams, K. I; Barker, J. J.; Charmant, J. P. H.; Ganter, C.; Klatt, G; Knox, S. A. R.; Orpen, A. G; Ruile, S. J.

Chem. Soc., Dalton Trans. 1994, 477-484.

¥ Takats, J. J. Cluster Sci. 1992, 3, 479-488.

% Dickson, R. 8.; Paravagna, O. M. Organometallics 1991, 10, 721-729.

® Clauss, A. D.; Shapley, I. R.; Wilson, S. R. J. Am. Chem. Soc. 1981, 103, 7387-7388.
“l Dodge, R. P.; Shomaker, V. J. Organomet. Chem. 1963, 3,274-284.

2 Ferraris, G.; Gervaasio, G. J. Chem. Soc., Dalton Trans. 1973, 1933-1936,
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Table 1 -2, FEEMEI T L X U EEOEREEE A)

Clusters M;-M, M,-M; M;-M; C-C Ref.
Fex(CO)5(C,Phy) 2.501(9) 2.480(10)  2.579(11)  1412) 46
Fes(CO)o(CoEt,) 2.4749(5) 247345  2.56666(5) 1.391(d) 47
(CPMo),Fe(CO)4[(CoCeH Me),] 2.764(1) 2.761(1) 2732(1)  13994) 48
(CpW),Fe(CO)6[(CCsH Me),] 2.745(1) 2.747(1) 2.731(1) 1.3993) 49
(CPMO).Fe(CO)(O)(C:CsHaMe),]  2.677(1) 2.848(1) 27472)  1441(11) 49
CpFe,Mo(CO)s(HC,Ph) 2.777Q1) 2.568(1F  2.625(1)  1.414(7) 50
CpFe,W(CO)s(HC,Ph) 2.786(1) 2567)™F  2.627(1)  141(1) 50
RuFe,(CO)s(C,Phy) 25642)  2582(3) 2588(3)  1412) 51
Rus(CO);(dppm)(C,Phy) 2.6683(6)  2.65206)  2.8120(7)  1.406(9) 52
Rus(CO)s(u-H)(dppm)( ‘BuC,Ph) 27311(4)  2.8936(4)  2.8716(4)  135(5) 53
Os5(CO);(dppm)(C;Phy) 2.689(1) 2.680(1) 2.850(1) = 54
Os3(CO)(dppm)P(OMe)s(C,Phy) 2.684(2) 26972Q2)  2865(2) 1392) 55

=]

B T Qe

N
]J 4

® Peng, J.-J.; Peng, S.-M.; Lee, G. H.; Chi, Y. Organometallics 1995, 14, 626-633.
“ MacLaughlin, S. A; Taylor, N. I.; Carty, A. J. Organometallics 1984, 3, 392-399.
# Muir, L. M..; Muir, K. W,; Rashidi, D.; Shoettel, G;; Puddephat, R. Organometallics 1991, 10, 1719-1727.
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Figure 1-3. Fes(CO)y &7 &F L DHGEMBIN (£: BEENME, f: FATRAR). >

ECALBARN7R 48 EMFERE T 7 NV VBN FITTATERM A 2 & 0 5 < EeALRfafn/z 46 EF8E
RCIXEEENE S & 0 B\, *° Hoffmann Hid, Fes(CO) 77/ A v b TEF L & DELE
BN ZAWTINEZFHAL TS (Figure 1 -3), *®Fes(CO); & CH, S IZ X VR ENS 46 &
FEEETIE, TEF LD a* BUELERBT T/ AL MO le BUE L OXFHENS 5|, BEEML
HMOFBPRETH DM, Fes(CO); & (CGHY ™ LIZXVEREND 48 BEFEHA T, BEENL
BITLUMO X575 n*s BUEICETFHRNEIND Z LILR 2D, BEEMEOFRAREIC

“ Blount, J. F; Dahl, L. F.; Hoogzand, C.; Hubel, W. J. Am. Chem. Soc. 1966, 88, 292-301.

4 Carty, A. J.; Taylor, N. J.; Sappa, E. Organometallics 1988, 7, 405-409.

*® Garcia, M. E.. Jeffrey, J. C.; Sherwood, P.; Stone, F. G A. J. Chem. Soc., Dalton Trans. 1987, 1209-1214.

“ Busetto, L.; Jeffery, J. C.; Mills, R. M.; Stone, F. G. A.; Went, M. 1.; Woodward, P. J. Chem. Soc., Dalton Trans.
1983, 101-109.

% Mays, M. I.; Raithby, P. R.; Sarveswaran, K.; Solan, G. A. J. Chem. Soc., Dalton Trans. 2002, 1671-1677.

5! Busetti, V;; Granozzi, G; Aime, S.; Gobetto, R.; Osella, D. Organometallics 1984, 3, 1510-1515.

2 Rivomanana, S., Mongin, C.;Lavigne, G. Organometallics 1996, 15, 1195-1207.

3 Bruce, M. I; Humphrey, P. A.; Skeleton, B. W.; White, A. H.; Costuas, K. J. Chem. Soc., Dalton Trans. 1999,
479-489.

> Harding, R. A.; Smith, A. K. J. Chem. Soc., Dalton Trans. 1996, 117-123.

%5 Clucas, J. A.; Dolby, P. A.; Harding, M. M.; Smith, A. K. J. Chem. Soc., Chem. Commun. 1987, 1829-1831.
% (a) Schilling, B. E. R.; Hoffmann, R. J. Am. Chem. Soc. 1979, 101, 3456-3467. (b) Halet, J.-F.; Saillard, J.-Y.;
Lissillor, R.; McGlinchey, M. I.; Jaouen, G. Inorg. Chem. 1985, 24,218-224,
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B LIBRITNWS,

BERILFRETR 2 BFHEEATF & DFISIZTBNTI DL 5 BT V% BT DOEALER
DEBIEHBFENPD BILTWD, BlxiE, Osella Hik, BEEMIET L% L #E{K Fey(CO)o(CEL)
D 2 BFBERERX Lo TOT =AU MDFATERAMBO T VX U EEENRERT 5 Z & 2HE LT
%, 5 Fi-, Lavigne H5i3Y 7 == VR R T 4 ) A X (dppm) & IFENFICET B ML

=YL T AEZ =BT, CO DENLIZ LY 7 v BT EEEALED b IEATERA R~
EHRTHIEEZREL TS Eq 1 -5, ZBARAITLI FTRAZ—IZBWVTHINDL H 7
CO DEML & BEIZ & BER N & FATEAMA O TN RERNRES LTS,

Ph Ph
Ph | on i
—c. c
N . +CO :Cé
(OC)zRu/— " 7RU(C°)3 - (OC)zRu'-—\—/—_Ru(CO)g Egq.1-5
PhaP Ru(CO), -Cco thp/ Ru=——CO
L_—rph .7 (cor
2 P
Ph;
46 e 48 e

BRI T L% VSIS C=C A TMRSOTMIK Y LCEZETHS,  Shapley &
Hoffmann &%, SEATENIEI T V3% 884K CpsMs(CO)C,Phy) M = Rh, Ir) OBREEZEENIEE
(Flash Vacuum Pyrolysis; FVP) IZ &> T, EXTAF U U4k CpsM(CPh), RERT B Z & &4k
& L. $E9R Hiickel 151 & 0 Z ORS OREHE 2 BBA0ICH 5222 LTW5 (Scheme 1 -2), >

H H H
| | H e
H , o7y 30 /
C—
Cxc” ) to (1) SIS to prifiaf C
—_— \ _— 1
- cpM MCp = ZMCpc iy

AR B -/~ - cpM
CPM§N(C4MCP &MC// ’ x
P vl
1/ c

ICI s
[o] ] 13-CO
M= Rh, I fo o~CO

C-C triple bond

/ \ scission CP,
CPM\—\<M-C—/7MCp 6'? \ //\I

N

P McCp—C.
AN
(o H

Scheme 1-2. 7 V% VENLT-EIWTSUS O RUGHAE (BE5R Hiickel ).

57 (a) Osella, D.; Gobetto, R.; Montangero, P; Zanello, P; ; Cinquantini, A. Organometallics 1986, 5, 1247-1253. (b)
Osella, D.; Posp1s11 L.; Fiedlr, J. Organometallzcs 1993, 12 3140-3144.

% (a) R1vomanana S.; Lavigne, G;; Lugan, N.; Bonnet, J.-J. Inorg. Chem. 1991, 30, 4110-4112. (b) Rivomanana, S.;
Mongm C.;Lavigne, G Organometallzcs 1996 15, 1195-1207.

® (a) Clauss, A. D.; Shapley, J. R.; Wiker, C. N.; Hoffimann, R. Organometallics, 1984, 3, 619-623. (b) Nuel, D.;
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Beoid, TR LT A% VB F A EEEMBICER LIRS, £BRELIIBEL., CO
DBEZHES> T C=C FEENTMT S B L W I B THEITT S LB ~TW 5, £/2, Shriver HiX
T=AMT2F ) FEER [PPN][Fes(CO)(CCOR)] R = COMe, Et) & MU 7t m A& 2L
RUBREDRISE-T0 °C TfT/2 5 &, a REB T v P ALENTERPICEERMET L%
#5A Fes(CO)(HCCOR) (R = COMe, Et) A3 L, BIRE TREL LT3 L 3512 C=CEA DY)
WIBUS LT LT ERTAF ) VU886 Fes(CO)(CH)Y(COR) MAERT 5 L #E L TW3 (Eq.
1-6), *

RO\ _l RO r OR
c—c. Ne—c. '
o
(oc:)gFe/\I /Fe(CO);, —-> (OC);Fe{—\I Fe(CO):,_» (OC)Fee— Fe(CO)s Eq.1-6
Fe(CO); Fe(CO); \Fe}f
R = Et, COMe

—7J7. Varhrenkamp &3 = ) F U EBAF & 7% vyﬁa{i%w‘wmaﬂi#ﬁ%i&% LT
Wo, CNANTEY AT LT AT ) TTUT AR VR E 60°C THET B Z L2k D, ¥
=Y FUERERER L. T OEEE 20 bar ORRFEKT TMET 2L 7% ) VUL
B35 Bq 1-7). KENFELRVRETTAX Y DUEEREZMATE L. =05 U8RI
R5ZEDBHERSNTNS,

Il‘l H\c/R
R c—R H,{20 bar) |
c=C //. c

: 60°C C 60°C /I
—_—
(OC);CO\ /Ru(CO);, — (oc)3c<>\ Ru(c0)3 W (0C);Co— ,Ru(CO)a Eq.1-7
Cp(CO)z Cp(CO)z Cp(CO)z
R=H, Bu
ZDEITHNKR=NGT TRAE—ZBIT DT IVF AEEDOHIRIL, 1960 FER0LEAIZED
bNTRY, TAF ot =T L LOHEEEAC, CCHEEDEN, TAXxr-E=)
FTUTAF Y DU OEEERBROBEZ OV TIEAIC TIIHABHLMZER TS, L
LR L, BB LLELN-BRICESWTEREBRIGZHE L, FiLWIGE RHE

2 EFTBBMAEERETRDbRTHAR,

Dahan, F.; Mathieu, R. Organometallics, 1985, 4, 1436-1439. (c) Chi, Y.; Shapley, J. R. Organometallics, 1985, 4,
1900-1901. (d) Hriljac, 1.; Shriver, D. F..J. Am. Chem. Soc. 1987, 109, 60106015,
& ’ Bernhardt, W; Schnering, C. V., Vahrenkamp, H. Angew. Chem. Int. Ed.. 1986, 25, 279-280.
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F:D

EIE AR OBW

AW T, 8616 1 & RALKEERE ORISIZBWCEEL 72 D, BERMET VX 65 3 10
B L7, ZDEEORIGKBEMFEBRERKSEORISEEZHALNCTIZ LIzL> T K&
DHENZET2HMAEB[LZLE AL L,

ARILILSELVBREINTEY, EEOMEZILTO®Y ThH 5D,

BIETIE, TAFR U TREMLEZRS FAZ—IZOWTIRETOMELZHEL, 71
FUSROMALEDD Z LOEEMEZIER T L I BREBRIG 2 XETHEREH L
B LV AR D B BT,

F2ETHE, TAF U/ EMTFOBE G I 2XETIERZHALMICTEDIC, BREDE
B ZhR MR T L VENL T DEVAIZEE) (switchback motion) DIEMALZ RN ¥ —IZ 52 DB
T, BFRGIMEOBRELZ R OSHIEIZE, TAX VBN FIBIE IS RB I EEHEHLNI
L7z, ‘

FIETIE. b N FRATFORBELTHL L CERERLBESEDIZ L2 BNICEE3I 0
o i ALZRES LT, 7 AU K > TER LIe I F4 88 ECit, & R U FEMLF23K
RELTHBEL, REafdh A FRELBZLIZE-TRBIZ CECHEANYMT SN, /-, H
FHOTNINEERTDEEOT 0 M ACTRIF A A u-TAF Y DU BENER LT, 1
TNF)PUBRMTFEETOEEITEEE 1 LEHOT A & DRIGOFIMBERRECER L T
HLEEZDNIEBERMEFRETH D,

FAETIL, 8563 L CORPMe; L DRUGERFTL, KIMT NF L 2HT 28 TlI gs-£'Y
TP ERBET S LI o TRIEREIT T Z L 2ALMIT L, S HITEEHEA 3 13 -t
VT UHBERE RN TRESEDZLIZE->T CO, EbRIEL, ZBAT =L FIZINAR=
NN FEET OB EERTHZEEHLIZ L,

FESETIE, FAFEORREZHMIE L. EROTICEROFEMEZTR Lz,
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B2E TAX UEMTFOBNERICR I TEREOETFHEE

F2E TR UEMTOBREENICE XITTEREOE TR

T =S

@R7 7 AL —IZBANL LIc 0 F OBMZEEOMITIL. BAREIZEE Ly FoBR e B
BBIETS Z L ARBRREREROBHEFOET A LRI LEELILNTVS, ! ZhETK
ZRANR=NT TRAE—IZEAL LT T VX 5 F OB EEIC DWW TR EN T abh
T3, ? Deeming HiX, ZHA R I T A (-4 > 2 85K Os3(COYo(u-H) (us7*(/)-Indyne) D
BEFZENMR ZEEL, A VO VEMFOAF Ly VT TARRBICE>THAETEZ b,
T OWELBERMEZEB TS pivot-motion B TBEI L TWAZLEZHLMZILTWS
(Scheme 2 - 1), * A > ¥ U EALF D 295 K TOBIBIEB DIEMEL= F /L % —3#9 14 keal mol ™,

b FU FEANLF D 268 K TOEMZEBOIEMEL=RLF —I3H 12 keal mol? THY, £ P
BALFLe FY FEAFIZENZE

MZEEL'L LT:%}:%‘G& ‘-7-x 5 b—‘.J:% CH‘ HP He ch W Hbc

=c, 7. e
BEL TS, T, HbELY < | ) Gécl% — o °! %
vEALFRY 7 u R F BT @= OsHy(CON

5 - = Scheme2-1. ZHFRAI VLT FAF—IZBNL LA
. A bl TR ll N o
BREOT T RAZ—IZONThH, [EE DO T B 2
REBZHEL TS, 2

INETILFBMRETIIZMALT =7 L RIZERA L7 V% 5 FOBIREEIZ O\ TH
HLTEE, * ZBNVT =0 L0 F e FY FESK {Cp*Ru(e-H)}s@s-H), (1, Cp* = #°-CsMes) &
IuRUT U EDRISTERT S pa(L)-37 0 RUF R {Cp*Ru(u-H) ba(us-n:n%(L)-CsHe)
(3d) DIREFEH NMRBIEIZ L > T, TAXVEMFOEBHLZHLNIILE, Y70 F
VEAMFOZEAaTUDOAF L TN EMUDAF LU T FARERT B2 o0 TRk

! Muetterties, E. L.; Rhodin, T. N.; Band, E... Brucker, C. F.; Pretzer, W. R. Chem. Rev. 1979, 79, 91-137.

2 (a) Cantym, A. I.; Domingos, A. J. P,; Evans, J.; Johnson, B. F. G; Lewis, I. J. Chem. Soc., Dalton Trans. 1973,
2056-2061. (b) Deeming, A. J.; Kinber, R. E.; Underhill, M. J. Chem. Soc., Dalton Trans. 1973, 2589-2595. (c)
Deeming, A. J.; Underhill, M. J. Chem. Soc., Dalton Trans. 1974, 1415-1419. (d) Evans, J.; Johnson, B. F. G; Lewis,
J.; Matheson, T. W. J. Organomet. Chem. 1977, 97, C16-C18. (€) Deeming, A. J. J. Organomet. Chem. 1978, 150,
123-128. (f) Aime, S.; Deeming, A. T. J. Chem. Soc., Dalton Trans. 1981, 828-832. (g) Deeming, A. J.; Rothwell, I.
P.; Hursthouse, M. B.; Backer-Dirks, J. D. J.; College, Q. M. J. Chem. Soc., Dalton Trans. 1981, 1879-1885. (h)
Busetto, L.; Green, M.; Hessner, B.; Howard, J. A. K.; Jeffery, J. C.; Stone, F. G. A. J. Chem. Soc., Dalton Trans.
1983, 519-525. (i) Rosenberg, E.; Bracker-Novak, J.; Gellert, R. W.; Aime, S.; Gobetto, R.; Osella, D. J. Organomet.
Chem. 1989, 365, 163-185.

P (a) B R, BRI BURTEKRE (1994). (b) EAEN, B3, BRTERE (2000). () &R
WBF, SRR, R TERE (2000). (d) F12% IR, AR, AR TEKZE (2001). (¢) Takao, T.; Kakuta,
S.; Tenjimbayashi, R.; Takemori, T.; Murotani, E.; Suzuk, H. Organometallics 2004, 23, 6090-6093. (f) Takao, T.;
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Energy Level

Figure 1 - 1. $54K 3d O 7 /L% VEALTF D switchback motion D =R NVF—TF 0T 7 A )b,

BT 5, ZOBRPLTAF VEMFIT, ZEaTHRRIOT NV KRR LIMUDT V3V RERD
REWIANEDS LV ZBAT =0 A0 EEBET 5#E. 372D switchback motion T
BIENELMBIZENTVS Figurel-1), * ZDX 5 2T NN VEATOBRIZEENT. BEigdt
Bz Lo THIHENT VS, * Morokuma 513, EF VSR {CpRu(u-H)}s{us-n" 7 (L)-HCCH}
DT e F U LT DB ORI > C IR AT\ TR & BT 51
BOFBRRUDT V% v IRREEZEERT 2B L ) =XV F—IZFRITH B LT 5,
1

BRI p()-7 == ATEF LR 3a DT = VEDATEBR L —EDHK
{Cp*Ru(u-H) }s(us-":7°(L)-p-RCH,CCH)3a-R) &L, T3 VEALF D switchback motion D
EMT R X — I B LIS TBREOBTHRELA N, *® ThbO#EETEY ==V ED
NRILDOHZEMRMLTND D,

switchback motion \Z¥ KX BEH#E . :zz R

DIMER B BRTE 5, BER E 140 }

D Hammett O o, K L TENE é 135 |

B RNV F —AGhe x IIHRIE AR «j 130 1

BRR L, BRENE TR TS < s

BIEET X VEAMFIEEI&ICL 120 1 06 0 05 ]

K RBZERHALMLER- T oo

(Figure 2 - 1), Figure 2 - 1. {E#20 Hammett D o, B & switchback motion

. DIEMALT R LX— OB R >
b AL T TRNELARNY—

Takaya, Y., Murotani, E.; Tenjimbayashi, R.; Suzuki, H. Organometallics 2004, 23, 6094-6096.
* (a) Schilling, B. E. R.; Hoffmann, R. Acta. Chem. Scand. 1979, 3, 231-232. (b) Riehl, J.-F.; Koga, N.; Morokuma,
K. Organometallic, 1994, 13, 4765-4780.
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BrE FAFVEMFOBNERICB LI IEREODETFHEE

X, BBEREEED HOMO DT RN X — LB T 572D DEERFIETH S, ° Fenske
513, Mn(CO)s_(CNCHs)," DERLENL & ERRFHEIZ L ¥ R 72 HOMO DRV F— L~z
FERICRWVWHERDZ LHEL TS, * AETIH, BREOVETFHLREEL LV ELICHE
T BIOIT, p(L)-TNVXREEEOY A7) v I RNEET T LE2RE LTz, ZOMRBELEIZ,
TN BN F L OBHELDEEE D HOMO @14‘%/1/:3?‘— LV & TV H VERLF D switchback
motion B LETEBIZOWTRFN LIEEREZBRS, 7= VEOARTHEERL—E
w(L)-7 == T F U USRIV TIE, B REIMEEHREIISEERD HOMO L~V EETE
HEHZ LWL EoTTNF VR FOBZEZIH L TNWAZEBHALI L, —F, 7==A7
BFUVUNDT NF VRN T 2ET HEEFIZBO T, HOMO O RL¥— L ~UL D% M
TR VBREDH ST E b switchback motion (TR ERFEEBEB LT ZLXHLI Lo
7.

2 T == AT F VBN OBREEICE ST EREOETHE

Tz o VEONRTNEBR U —ED uy(l)-7 ==V T2F LA {(Cp*Ru(u-H)}s(us-11°
(L)-p-RCHLCCH) (3a; R = H, 3a-OMe; R = OMe, 3a-Me; R = Me, 3a-Br; R = By, 3a-CF;; R = CF;,
3a-NO,,R=NO,)* DY A 7 V) v 7 RAFZES T 5% THF BEIRT T23 °CIloBW T HE BB 1E
HALTHIRE L, ZNENDOEERDY A 7 ) v 7 RVFET T h% Figue2 -2 (2L, HIER
R% Table2 -1 (TR Uiz, —E DRI THF OB BN CEBREIC I L FTIEFA CEREZRL,
BRI 0 ff/+1 (il DERLB T L R OBILESBE SN,

1 Bt B OBEBOBLEIR L BITERDIL (iplip)) XITE 1 TH B, Bk & BT DO EAL
Z (AE) 2399~156 mV TH Y FIHHEDBER LD 60mV LV bREREERTILEND.S &
D 1B OBEETBEEZEAE THS & Lk,

A&EERT 1 A7 BBERWTEE3a DA 7 ) v 7RV FES T L ERAEBRIELZHIEL
7z FDRERR%E Figure2 -3 IR L7, Levich 7y FOFRERICE ST, $8fk3a D 1 B,
B LB T DETBHELZ AE Lo/, 7 Levich D& ZDFER% Figure2-4 (2R L, Z
D1EBDBLRITKRII 1 ETBINRETHDLZ L 2R L,

’ (a) Sarapu, A. C.; Fenske, R. F. Inorg. Chem. 1975, 14, 247-253. (b) Beurich, H.; Madach, T; Richter, F.; Vaher-
enkamp, H. Angew. Chem. Int. Ed. 1979, 18, 690-691. (c) Giraudeau, A.; Lemoine, P., Gross, M.; Braunstein, P. J.
Organomet. Chem. 1980, 202, 455-468. (d) Lemoine, P.; Graudeau, A.; Gross, M. J. Chem. Soc., Chem. Commun.
1980, 77-78. () Lemoine, P. Coord. Chem. Rev. 1982, 47, 55-88. (f) Zanello, P, Aime, S.; Osella, D. Organometal-
lics 1984, 3, 1374-1378.

¢ Heinze, J. Angew. Chem. Int. Ed. 1984, 23, 831-847.

T RIS, ELET £, BERILEEET A~ BRILFOER, BHRUETIR (1997).
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P9

0.8 0.4 0 -0.4 -0.8 42 0.8 0.4 0 0.4 0.8 1.2

i

0.8 0.4 0 0.4 0.8 4.2 08 04 0 0.4 0.8 1.2
EIV EIV

Figure 2 -2. $&63a-R DY A 7 U v 7 BAFES T 5 (QIERE, rt, AL, THF, XFFEMRE;
TBAPFs (0.1M), {EMBHE; Pt, ZREME, Ag/Ag" (TBAPFyMeCN), ##5|3HE; 50
mVs', #3%MH; 1.2 mV ~0.8 mV).
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Table 2 - 1. $54& 3a-R DELEBTTEAL [V s Ag/Ag'].

Complexes Resting Wave £, E, Eip AE,  |ipcl/lipal Reversibility
(0,) potential [mV] [mV] [mV] [mV]
[mV]

3a-OMe =720 ™ —402 538 -470 136 1.05 quasi-reversible
(-0.268) 2 +169 irreversible
3 1462 irreversible
48 1697 irreversible

3a-Me —695 I —412  -511 —462 99 0.95 quasi-reversible
(-0.170) 2™ 4183 irreversible
3¢ 4419 irreversible

3a 724 1 383 519 -451 136 1.00 quasi-reversible
(0) 2™ 4236 irreversible
3 4486 irreversible
4% 4676 irreversible

3a-Br —669 * —-338 -479 -409 141 1.03 quasi-reversible
(0.232) 2" 4268 irreversible
3 4505 irreversible
4% 4683 irreversible

3a-CF; —586 1™ -316 —442 -379 156 1.03 quasi-reversible
(0.551) 2 4300 irreversible
3% +497 irreversible
4% 4667 irreversible

3a-NO, —432 ™ —289  —405 —347 116 1.10 quasi-reversible
0.778) 2 4281 irreversible
3 1486 irreversible
4% 1689 irreversible

EIV

Figure 2 - 3. H&EERT 1 R 7 &A% AV CHIE U7z TBAPFs (0.1 M) % &TrdE{k 3a D
THF B (1.1 mM) @ (@) Y47 Vv 7RV EZET 55 (@RBIHE: 50
mV sh); (b) FRAEBHME (B35 500 rpm).
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150
120 v = 7.5244x
RE=1

a 90
2
— so L

30 | Levich equation:

Iim=062n FACD® p-18 12
o 1 I A

0.0 5.0 10.0 15.0 20.0

s Wy {rad s—t)m
Figure 2 - 4. 1 Bx B OBMEETHE O Levich 71 > b (i, RFEFAE(mA), n: BFEF. 777

F—E¥ (C mol™), 4: BHEREMR (cmd), C: BE M), D, IL#%L(cm s™), v: B
K (em®s™), 0 BEE (rads™)).

BeERD 0 ff/+1 {HOBER{LETTEAL 2 Hammett

D o, fHIZH LTT ey b LI#R% Figure 2 - 5 e
AL, BFRIMEOBREE BoMKEY, |
B BEDVERYT MEBZ BBt T 5 |
ORERIE, BERIMEERELETHMHTIE W
HOMO AZEILSh. BRI < ABE |
500

5 N R FRARI. — 50T B, RED o, MK L b e & wE xE D )

TEEERD B iZRVIEBIBIRE R Z &5 “

5. EREOETFHMEILAD HOMO o= x Figure 2 - 5. f;gﬁtfﬂ?ﬁa%mm P
12 .

AE— LU EEN R EBERIIEL TS

DR ENT,

7V {CpRu(u-H)}s(us-n"n’ (1)-HCCH)
(3) PHFHEAEDORER, ® HOMO (28T
MUDTNF RBEENT = LHPLEDRD
RESHHEAEROFENBE I (Figure 2
-6), ZOERNL, TAX VEMFLEOEFR
81 E# LI, HOMO D XA ¥ — LA 2K
TFTEEBHZELIZLD, HOMO LB B &AM
DHEERAZBOTWEHLDEBZLHNS,

Figure 2 - 6. 7 /L85 3™ HOMO.®

¥ Inagaki, A. unpublished results.
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F2E TAFVEMTFOBNEBHIIE I TEREOEFHIRE

ULDFRERDL, —EHDOEEE 3a-R 12T, 0 fli/+1 OB LETTEM & 7L VEBRALFO
switchback motion DIEMEAY,T RV —i3HE

RMBEETRL (Figue 2 -7), BYREMEER

EEBETBHEETHE, TAXVERMLTFO %‘“‘

switchback motion LB 2B Z ERBbME  § MO

722 72, BB DE T VS5 3D HOMO (284 Ef? 138
CBRSNETARVERMTEGBELED 2 B2 [ Y

BREORNFER BICEET 5 L, BPRIME 128 e
BREIRK-SBHOREAMIEEER L £y

,35&)5 AP LCJ:OVC‘ A% :/Ea'ﬁﬂ%@@]% Figure 2 -7 ﬁ%ﬁ: 3a-R0)E1/2°’+1 & switchback
motion D AGH g DFEE.
ZIHEIT5EEZALND,

E3E T X VENLTOBNEENC R KT BEREOEFIIME

KETET == AT BF LV LUNDT AF VAT 2FT 5 T V% KO 0 fli/+1 fEERLE
FCEBAL L switchback motion DIEMAL = XX — DB Z TV, ZORR, BRED LAY
A ZABRELSBRDFETIE, HOMO DR AX —L~YLDREWIET TR SRR EELE
EThorZ BB LNE Tz,

2-3-1 s ()-T X VEEERDY A 7V v JRAZEA Y —HE

HiTE & FARRIC, ms(L)-7 A3 V8K {Cp*Ru(u-H) }s(us-7":1* (L)-R'CCR?) (3d; R'CCR? = CsHg, 3e;
R' = Ph, R = Mg, 3f, R' = R? = Ph, 3g; R' = R*=Me, 3h; R' = R*> = CF;, 3i; R! = H, R> = Me) *D¥1
27Uy ARNEETT L% THF BRHP T 23 °CIZBWCAHELEEZ AVWTHIE L, ZhEh
DEEERDY A 7Y v I RNVEEST T L% Figne2-8 IR, BIERHRESY Table2-2 IR LT,
ESEAIT THF DBAENT ws(L)-7 = =T £ F L 8K & RS2 4 7 L Sz 0 i+
i DECETTH & MO MBI Shiz (Table 2 - 2),

® 3d; Ref. 3¢, 3¢, Ref. 3a, 3f-h; See experimental section, 3i; Ref. 3d.
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li

B
£

]

T

EIV -0. -0. 1. k . oElV

/\

0.8 0.4 0 0.4 -0.8 42 08 04 0 0.4 0.8 4.2
EIV ElV

Figure 2 - 8. $6(K 3d-i DA 7 U v 7 KA ZE 75 A (HIEEE, nt, I THF, ZEHEHRY,
TBAPFs (0.1M), 1EFIEME, Pt, 2FREM; Ag/Ag" (TBAPFyYMeCN), #R31HEE; 50
mV s, #E5I%H; -1.2 mV ~ 0.8 mV).

Tz = VEDONTGA BB LI —EDER 3a-R L FAEIC. EFRIIMEBRELH T 385K
K. 0 ffi/A+1 HOBLETEMIZEIZS 7 b L, HOMO DR F— L-YULREELLTWNAE D
EBHDPE R T, FIXIE 2-TFUNEN U288k 3g & R U 7 A u2-TF U NEL LT
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Table 2 - 2. $E{& 3d-i DEYLBTEN [Vvs Ag/Ag'].

Complexes  Resting Wave E, Ey Eip AE,  lipdllig  Reversibility

(alkyne) po{tex{t/i]al. [mV] [mV] [mV]  [mV]
m
3d —686 ™ 490  -595 -543 105 1.11 quasi-reversible
(CsHe) 2 41914 irreversible
3¢ 4484 irreversible
4% 1641 irreversible
3e -602 1 —409 543 ~476 134 1.02  quasi-reversible
(PhCCMe) 2 4330 irreversible
3 4565 irreversible
-165°
3f ~583 1™ ~372 -479 —426 107 1.06 quasi-reversible
(PhCCPh) 2 294 irreversible
34 4431 irreversible
3g —~763 ¥ —466 —631 —549 165 1.00 quasi-reversible
(MeCCMe) 2" 4177 irreversible
3 +526 irreversible
-399°
3h —532 ™ -55 -157 ~106 102 1.07 quasi-reversible
(CF3CCCF3) 2nd + 574 irreversible
3i -745 ™ 482 -577 -530 95 1.05  quasi-reversible
HCCMe) 2 4129 irreversible
3 4631 irreversible
-256°

39 By & CORBCHEIT 5 £ BT BT,

530 D EL" ZHEET B & $EASh OF 43 mV IEICY T FLTEY, BFRIEBRED
HENREICHEE N, 7o, $E8 3e LR 3f OEZ BT 5 L85 3f DA 50 mV EIC
7 PLTEY TAF VBN F EOBBRELETFHRHEEATFNEP LEF RO T ==V E
KBTI DX HHEBBEIN:,

I a R F SR LT 3d & 2-TF U MSENL U728k 3g @ BT IHEIER U AR
L7z (-543 mV and -549 mV), ZOFERMD, BIUAIC £ BRI HOMO DT R AF— L~b
CEZHEBIINENEEZLND, T, 85K 3g © 0 fli/+1 MOBLEN L BET DZE AE,
B B3 KD b 60 mVKE BESN, T ORRIXEHE 3g 0FRBILOBLICIT B
BHEMENZ EERLTNS,

Morokuma 513 p3(L)-7 = =T B F L 8K 3a D ab initio FEIZESNT, SIBEEIZ X
ST ZHa7 ORIO T L U REIZT x = /VEES B U7 T AMU T V3 v RSRICE#R L
EBEAXY Tkalmol ' BETH S LBITHSB, ® —F, ()70 ¥ 3i CIHETHE
BIZ LY AFNVEEIMUDO T AF VRBICEBR L2 BDDFR S keal mol ' BETH D LHREL
T3, PEEICZh D OSEEOERERZE 'H NMR BIFEIZ L - T, $& 3a Tk 7 = =V ERH
ROTNHVRBCER L HOET THY | 885K 3i TIBIMUIZ A FAVERER L7 b OIZHT
THDZEDPHEBRBINTNS, X T bOBEEPDL, RRAIDT VX VREO LICEBRENFE
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FBLE TAXVEMFOBRESICEIETEREOETFHNEE

T AP HDVIIIMUTEBRERES OPOBEVIERICB LT TEELEETH LN TED,
Tz o VERAFNVEEET AT IF RO E,"" % Table2 -3 IR LTS,

RO T L% RBEEOBHREN H b7 2=V ZEDS L 54 mV BV 7 MFaR
Bivs 3e), IMUDT X VREOFAIZ25mV LT 7 b LAWY (3avs 3f), Fe(CO)p 77 7 A
VRETEF LU EOMEFRICEWT, BEEMETE GH, D 2+ UL E&BT7 77 A b
D la BREDOXFERE D L DICREREEEBRT 5 Z LN LML Ro> TS, 1° Granozi
B, CNDO EIZ & B2 EFLFFHEZITRY. RllO7 A F VIRFICEV-EREF LI b O
BERRALNBEREL TS, ' INLORERERIEET I L, 7=V ERRBOT V¥
VIREECBHTAZLIZLo T BT LILOBREFFAIZEH LRI, ZOX
I RBROBNBEINLbDLEZDND,

HAMUDOTNHXVRFELEOBBENHEN L AFNEZEDS L 25 mVAILYT7 M5 (Ga
vs 3e), PRI 7 L% U RBOBEIT 19mV L7 R LW 3gvs3i), ZIUTAFAEIT L
RUAEDRBERET DD SMUOT N F U RE LIZEB LIS NEFICERITHS
&b\i%%%%%i%ﬁ@%%&:—&bﬂxée ®

AFNELHETH8EE3e, 3g. 3T, 3B OBMLEMABLON S B E TREI LIRIZHT
DiEF &, ~200 mV~—400 mVAHLIC RATH 2B TEABE Shiz, ZOBRIIERILREICS
WTAFNEEERFO L OMAEERIC LV BREBRBUGPET L BT LWMEFERER TS Z
EERLTOVD, ATFNEEETHEEEICERT HFHEEH LT 570, s5E3eDRLX
IERE LT,

Table 2 - 3, BHAIEDEVIC L5 0 ffiA+1 MORBELEM~DEE.

Complexes (alkye) Substituent on alkyne ligand Eip” " mV vs Ag/Ag') AE [mV]
inner outer
3g (MeCCMe) Me Me —549 19
3i (HCCMe) H Me ~530
54
3e (PhCCMe) Ph Me —476
» 25
3a (PhCCH) Ph H —451
3f (PhCCPh) . Ph Ph 426 25

1% Schilling, B. E. R.; Hoffmann, R. J. Am. Chem. Soc. 1979, 101, 3456-3467.
" Granozzi, G; Tondello, E.; Casarin, M.; Amie, S.; Osella, D. Organometallic, 1983, 2, 430-434.
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2-3-2. u3(L)~1-7 = = e1-T 1 B 88K 3e ORRILEUS

R 3e L 1FENDTHAFNT =V =0 L [Cp*Fe][PFs] & DRISEITRoTeL 5,
SEAD 1 BT RME SNBSS [{Cp*Ruu-H) }s(us 1°(L)-PhCCMe)][PFe)9e-PFg) HSEMR LTz,
o, K 9e-PFs & 1 MEOTFTH AF L a Il b [CpxCol & DRISIC & V856 3e 23E4£
L7 Eq.2-1)

+
Me Fih Me Pfh —_] PFg
C"“’c [CpYFellPFq] (1 equiv) K
Cp* Ru= -’-—==‘Ru -Cp*  cp Ru'- -I———'—“—=Ru—3p* Eq.2-1
H——'R“""'H Cp*2CO (1 equiv) H/R""-H
cpt cp*
3e 9e-PFg

GBI 9e-PFs 1 'TH NMR 57— % & TESFIC L - TRE u:.o $EIK 9e-PFs O CpriD v 7L
%23 °C CRELZ 'THNMR F—Z I2BWT, 624.94ppm & 52852 ppm | « ERERY
fEhE A 375 Hz & 750 Hz CBIESNIZ, 8 3e LB LT, ¥ Z0 CprEO VI FARERIC
ERBICY T ML, Tu— FRBBRSATNS 2 Einb, 81K 9e-PF (LERMSEKTH 5, $5
5 9e-PFs D 1 BF BTN K o TR Ie NHETHZ &b, TAF VEMFIZBKIZ L -
TEREBIIETLTWRNEEZDOND 881K 3e DV A 7 Y v 7 BNVEZET T AIZBWTHE
LBINTEHR 0 A4+ EOBMERTIERIT, 1 ETERKIC X o TER LI BHEIESE 9e-PF
PDIBFBTICELVER 3 I CRIBETHLZ L 2R L,

HER3e s VTN T NVEERCEBRED T = Y V=Y A [Cpﬁe]{PFd ZRWTCEMEL
Tl A, hFA M p-1-7 2= NP A Zu T YK [{Cp*Ru(u-H)}s(us-7-C(PhCHCH)]-
[PFJ(10-PF,) & B REMESER 9e-PFs 23 i1TIT 1: 1 TER L (Eq.2-2),

——l PFs ‘ -
Ph H Ph § Ph -
Me | \c___ c Me | “er
‘c'-7°\\ [CpFellPFs] NG
[ H ., {excess) ) /
cp-RiNs | =Ry~ cp* o ¢ w..,R \ Sgu-cpr  + O R,,. < _>Ru-cp Eq.2-2
| N/ 23°C, Et,0 |\~
H - RU H —R‘{ H ...—-/RU""‘-H
Cp* c{)\H cp*
3e 10-PFg (ca. 50%) 8e-PFg (ca. 50%)

$544 10-PFg (X, 'THNMR, PCNMR BIEIZESWTRE LTz, CprEED Y 7Lt 3 BEOIHE
Sffires 7 E LTRB SN, S FHRICHBTEE 20T LRSS, B FI Y74
6-17.79 ppm, &-15.94 ppm, 6—15.77 ppm IZENEI. doublets of doublet (Juy = 4.8 Hz, 4.4 Hz),
doublet (Jun = 4.4 Hz). doublet (Jur =48 Hz) TEIZ S/, C*. C° Lok XN 65.94 ppm,
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FBL2E TAX UVBENFOBNFEHCBLIETEREOETFHEE

65.99 ppm IZBEVMI 5.6 Hz DA v 7Y v 7 %> T doublet TBE SNz, v NU FEALF%
BTDIONTFTT UNGEETIL, —REIZE FY FEMF L 2MDOT Y LVDKREDH v TY v
THBEEIND, ? $5E 10-PF TIXZ DX H ek v 7Y VI BBEEN NI LB =00t
KU FEMFO—OBRZEEETHD L Lz,

BCNMR iZ8WT, T YAEMFO C, . CixFhFh, §149.8 ppm, J68.9 ppm, 5 188.9
ppm (Z singlet, doublet (Jox=175.5 Hz). doublet (Joy=1823Hz) THE SN, ThE TIIHE
ENTWD, PAZ a7 UNVEREET D EEEOT ) VEAMT O P*CNMR 7 —4 % Table 2
-4 [ZIRLT,

Table2 -4, =V AF a7 UV ASEHRO T U VENFD PCNMR F—# (d/ppm, Jop).

Complexes c! c? c Ref.
1. Ru3(CO)g{ﬂ3-I13-C(Et)CHC(Me)} - 119.8 - 12b
)
2. Fe3(CO)g(,u3-CF){,U3-l']3-CFCHC(Me)} 241.6 120.4 208.1 13
O
3. Fes(CO)g(ts-CF){1ts-°-CECHC(Ph)} 2416 120.9 208.1 13
: )
4, Ru(CO)3Cp2(/l3-CCF3){/13-}13-C(CF3)C(CF3)C(CF3)} 173.9 122.0 173.9 14
()
5. Rus(CO)o(u-H){us-r-cyclo-Cy,Hi s} 196.2 118.7 199.3 12e
6. Ru3(CO)9(,u-H){/13-113-C(0M6)CHCH} 229.2 94.5 158.8 12¢
(1583Hz) (148.0 Hz)
7. Ru;Cp*3H4{/z3-;13-C(Me)CHCH} 175.6 110.3 165.9 3d
(145.9Hz) (140.1Hz)
8. [RusCp*s(u-H)(us-CH){s-7°-CHC(Mc)CH}[BF,]  146.7 114.7 146.7 3¢
(156.7 Hz) (156.7 Hz)
9. [{Cp*Ru(u-H)}s(us-7-C(Ph)CHCH)][PFs|(10-PFy)  149.3 68.9 188.9  This work.

(175.5Hz) (182.3Hz)

SEIK 10-PFs DT VNVEMLF D C D& I N7 ME, ZHE TIZHE SN TS EEEIT A
TEBES 7 FLTBESh, Iy ) v IVBEbREREELR Lz, Zhid Co s 38
LizZ &R LTVS,

Valle 5%, Rug(CO)pp & 10T 2 L DRIGIZIBWNT, psfs f-1-A F N B3-TF )N 3-F L =)L
SEEB DEMALIZ L Y paP-1,3-PAFN-DAFZuT YR CHERT D Z LHLIZ LT
5 (Bq.2-3) ° E7z, $EEB LKFELDRIGIZE Y ms?(N2-20 F U8B AP ERT B 2 &

12 (a) Bruce, M. 1; Cairns, M. A.; Cox, A.; Green, M.; Smith, M. D. H.; Woodward, P. J. Chem. Soc., Chem. Com-
mun. 1970, 735-736. (b) Evens, M.; Hursthouse, M.; Randall, E. W.; Rosenberg, E. J. Chem. Soc., Chem. Commun.
1972, 545-546. (c) Baenan, L. R.; Keister, J. B. Organometellics, 1985, 4, 1713-1721. (d) Rao, K. M.; Angelici, R. J;
Young, V. G Jr. Jnorg. Chim. Acta. 1992, 198-200,211-217. (e) Bruce, M. I.; Fun, H.-K_; Nicholson, B. K.;
Shawkataly, O.; Thomson, R. A. J. Chem. Soc., Dalton Trans. 1998, 751-754. (f) BE 15—, A3, ERE I
KE(2004).

13 1 entz, D.; Micheal-Schulz, H. Inorg. Chem. 1990, 29, 4396-4401.

!4 Adams, K. J.; Barker, J. J.; Knox, S. A. R.; Orpen, A. G. J. Chem. Soc., Dalton Trans. 1996, 975-988.

1% (a) Castiglioni, M.; Milone, L.; Osella, D.; Vaglio, G. A.; Valle, M. Inorg. Chem. 1976, 15, 394-396. (b) Gervasio,
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FEEREL TN,
- Me M .
i [
H\c =€ Me c =G,
Ruz{CO)42 m (OCkRud\:t‘z"*‘Ru(COh _— (OC)aRU“'-\j;’"Ru(ﬁO)a
hexane \Rué H \Rudﬁ
reflux {CO), {CO)
A Al |
- Mie H Me
==C C-c
M Me\c/C"".‘ iy Me“clf\ \
) .
—— e (OC)RUS Ru(coh e (OC},RU RufCO); Eq.2-3
A= Q=
{CO)s {CO)s
B c

Z DRERIZE S TEE 3e OBMLIZ & B 8K 10-PF OEREE 2 HE LT (Scheme 2 - 2),

K3 L2 MUEBDOT Y U LB EDRISIZ L VIERHI O F A MR a DNERL, A

FAED CH FE A DI RISIET L TUD FA LT L =B B BERT B, SbIcT L
SAEBMFOI2E&EE BT 0 ATk > TR 10-PF BN ERTH L EZ DR A,

Scheme 2 - 2. $E{K 3e DEMLIZ X B88E 10 DERDOHERRISHE.
BT hrae NS T 74— (FAIHTHP) IZ&L o T 10-PFs OBBERRAT-L 25, 8
# 10-PFs 130 F A4 M p3-1-7 == /b= b U R G R UK ; [{Cp*Ru(pu-H) }s(us-7-C(PH)CHCH)]-
[BF,] (11-PF) IZEB ST (Bq. 2-4), EAIIEE 3e OBMLRUGE MV VP {7 &

SEIR M-PR BVERTHZ EEWMEL TS, ® ZnbOEREND, BILOWIER D 5 b Lo

G;, Osella, D.; Valle, M. Jnorg. Chem. 1976, 15, 1221-1224.
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RRERZEBIZE > T us-T A X 07 YNEEE 10-PFg i ps- b U 2R UEEK 11-PF (B SHIZ
THENDZHDEEZ NS,

__|+
PFs
H Ph
b_c l —-I PFg
H.c /‘ \ ........
Cp* Ru— Ru cp* ————» Cp* Ru ”/gRu -Ccp* E
q.2-4
H—-—Ru THF, Al,O, -—Ru
Y
Cp*H
10-PFg 11 |='|=6

AIRO X D12, AFNEEET D us(L)-TAF ROV A 7 ) v IRV EET T HTBNT,
REARE TS LIcRICHTV R & ook & TR R MEFRICESBRENBIE SN,
IR SR CREDSEE ETAFNED pARBRBEZ & > TER LIEFREICESS bDOTH
BZEERLMLE,

2-3-3. ps(L)-7 V¥ GEED 0 fili/+1 {EDBAVIRITTEAL L T VX VBT D switchback motion O
VAL kL R — D

us(L)-7 L3 gk {Cp*Ru(,u-H)}g(m-ff:nz (J_)-RICCRZ) (3d; R'CCR® = CsH,, 3e; R! =Ph, R* =
Me, 3f; R' = R? = Ph, 3g; R' = R* = Me, 3h; R' =R? = CF3) O 0 {fi/+1 {EDOBBTEA & 7T LF
B2AL T D switchback motion DIEVEAL TRV ¥ —% Table 2 -5 1278 L7z, 8844 3d-h DAG* joek 13,
REFZE 'H NMR 28E L TELNETF v — FOEFBHETICE > T, FREZLOT7 X VE
N T DI OEEESE R, Eyring DFUZ L7z D> THEMAL AT A—FZ ZEHLZ, '

0 fli+1 i DEMLETEMICITBREDOETFHRENRE I THE I, Hl2id 2-7F R
AL U7 Bk 3g LT Y TN m2-TF U N LT85 3h kT 5 &, EFK3IMEERE
ZHT D880 3h DFHH, £, OMEIE 400 mV L ETEIZY 7 RLTWz, LALREL, AG 1%
x DERXFRIEIEEDLLRPoTz, EBIZ, V7 2=V T v F LU BERA LT85k 3f & 3h %1k
BT 5 & BB 31T E Y = 428 mV, $E1K 3g i E1 .Y = -105 mV TH V| $&1K 3g DA HOMO
VAUVBZZEILEN TS DIZ S B 59, IR R F—385 3f D503 6 keal mol™ K
EL VT z=AT BFVVEMTFOERERERCBEZICL K Lo T, ZThbDRRML, 7
ZENAVTEF VDGR B L —EO#AK 3a-R DFELRRY, BREDSIGNLREE
FEETERVERICT, PRV BEREOI AN LREBLEETHL Z L AR IR, 7=
NEZHT DR 3a. e, 3g ITIBAIRE REEMTRAF—DEEZRT I ENDL, DERW
BRI LH T D851 TI switchback motion DEBBIREN K E S REEILEN TS Z L REZ

16 3d; Ref. 3e, 3e-h; See experimental section.
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biLD, FRIEITT T NVEEM 3° D switchback motion DERFREE %2 A\ TMHTIZ L - T, FATENL
BT NX U EENBBRETHD L EFHALMIILTVS, ® Morokuma Hi%, 7==LT7&F
U BN F A FATEN R R DI ER AR ECHILBE L LTHEA Z L ixTa v ek
NTBY, PRI TEEEIFTIRRATD .

Table 2 - 5. $54& 3a, 3d-h @ 0 ffi/+1 flOBLETENL & switchback motion DIEVEL/RT A — %

3a 3d 3e 3f 3g 3h
(PhCCH) (CsHg)  (PhCCMe) (PhCCPh) (MeCCMe) (CF;CCCF;)
Ei"" [mV] ~451 ~543 —473 —-428 -527 -105
AH* [kcal mol] 14.03)"  13.2(1)* 17.04) 17.2(6) 8.6(1) 10.6(1)
AS* [cal mol K] 0.2(10)* 1.0(4)* -0.2(1) -2.8(19) —7.8(6) -2.93)

AG* sk [kcal mol']  14.0(0) 12.9(0) 17.0(4) 18.0(0) 10.9(0) 11.5(0)
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®318% 7 a M ALEFIB UL T X VENF OB RERIS
WIE S b AR LT A VENL T OB ERROR

EIE S

FEIETRRZEIC ZHAT =T L FE B FEEEK 11T & 2 RIGKFREOEELS
Tt b FU FEALFRATEE UTHBET 5 Z &2 & AENML R AR A N DERSRAH AR RL
KERMFOBREBRRIGERHLT D, T T wL)-TNF U683 OBERERFULTSH, B

FU FEMFOUBEZRES TS Z LI TEREMPEZIZET T B2 LNS. %
DFEL LT, $EE3I 0T n b ALERE LT,

ZRETICFRBMAEEZE T, 7o b AU & o TRIWKREN FE R ERRUSD BB IH#ETT
BLERRELTER, ! nido Bl 2- A FN-NT 7 mX VT 45K 12a 13 100 °C THER
TEZ LI Lo AT F VI ureF U VEMT DRMAGKIGET L, 3- A F A 13a 334
BT 5, KOSRE® EF, 130°C TMET3 & e R FEMFOBRBEL - T closo BNT T3
7aRUF VR 2 BERT D Eq.3-1),

i S <

H’Ru-_ H’RI.I\H \HH
\ /I\ /’C

Me c
\\ //\ £
u 100°C RuC"'CRu 130 °C 1 Ru-- \<\: ¢ Ru
H Me ' \H

THICR LT 12 & 70 MR E ORISEITR D &, 23 °C D&METE N FERAFOB
BEZ Lo CGESPICERERDETTS Eq.3-2). “ELBREOTVI—LVERAVIZHET
BN RGDEITT D (Eq.3-3), > ZTHhETva—ARlHnTa hEE LTEE, VT
FYI RN F VT B QTR 2R S BT TH B,

ﬁ— " err

—

Eq.3-1

H ':Me N /4 \HH Eq.3-2
“ /" Ve é\ |
RuC-CR | R\ LRy
H R [y
Me R
12a; R=H
12b; R = Me

' BR IET, AR, R IIEEREE(2000).
2 K BRI BT EKEQ005).
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FEIE o MNALEFIA LT VR VBT OB RESRK G

—Ru— 'ProH Ru
H H S~
Htc? NgMe — » wA E\HH Eq. 3-3
N K] 23°C 7C
RUS—CRu Ru-W &--Ru
LA ~ 5 3
Me H
12a 2c

SH1A 12a 72 © DR 132 X 2c DAEBBEIL, ERFEOBRNMD Scheme3 -1 D& 5 IZHEAT
THEHEINTWS, > RuU-HBERLVT T 7 uaXv Vo BT O 4 SO ZEEANHF
AL, CCHADBEIZL>TIVTFTTIN, p- A F L hE A BERT S, 100 °C D5
HTIEPRE A £ T, C-CHREDAER L C-HRESDEIRTIZ & > TRMELRIGHEST L, 654K 132
BERT D, —H, 130 °C DFUGKRHE TIZPREK A 1T u- A F UV EALF D flipping 12 & > THH
BBICEHRIN, & NV FERATFOHREE. C-CHEEDAERL Ru-RufEa DRZIC LV 5K 2¢ 2
ERT D EEESNTND,

DX D REERENTICESVTC, T a ML L B BEREREEDORIT, Ta h U RERT
bﬂﬁ&%bk%kmﬁﬁ»ﬁu&yavxyﬁﬁ%w:iﬁéuﬁ%#éz&Kiof%ﬁ
RaDLFEEA~DERERFIZTDEHDTHDEEZLNTNS,

Scheme 3 - 1. 851K 12a D BRERSUE DHEERGHEM

FIBHIRE TILZIVE T, FIMED p(L)-F V3% 85K 3 OB X B BRERRIG ST &
NTWa, * SER LR,y BT, HEEO 7o EAEREET HEE 3 205 2b ~D BRSO

3 (a) Inagaki, A.; Musaev, D. G; Toshifumi, T.; Suzuki, H.; Morokuma, K. Organometallics 2003, 22, 1718-1727. (b)
Inagaki, A.; Takao, T.; Moriya, M.; Suzuki, H. Organometallics 2003, 22, 2196-2198.

Y (a) BAES, BT, TR ITEKRF(2000). (b) 574 3, FAHRL, TR ITIEKRFQR006).(c) Br a5 B
%=, LR ERTEREQ2007).
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“pr

| n
H, cl; //c’ Pr
[} / *.y\ ¢ ‘.\
—fH— —_— H-_
e
H H H
H H
3j (3= RuCp*) 4j
C-C cleav.
&
Ru-Ru form.
HH
Me
\c [f
-4
'C'C‘H
H
2b

Scheme 3 - 2. [ESHDT VX NEEEFT 5 TV X VRO BRI S O HEE R ot !

% Scheme 3 -2 DX SIIHE LIz, *° MBGH T T 3j X 20T =V F Ltk 4j &
DEEREMIZRY  RUT VT UVEMFD y KEBEHREEZ Lo TIOAZ 0T U UK A 34
T %, SOIEREOBRERRIGER T, cdoso BINTFF 7 a2 D 88k 2b 2R
THLERLTWS, ®

BB/ (D)7 ==V T B F LUK 3a DI L A BREBRKGERELTCND, 220
BSIE 170 °C THEAT LT 2,3 ALIZ RV B UBRBER L7z closo BIVTF T3 7 n Ry & Dx gtk
20 85T (EBq. 3-4), —FF, AT AFLTHB 1-7 2o A-1-7 R LR T 2= L7 &
F U DEAL LT SE R TR OISR T HEN T OBRERIIE BT LAY Eq. 3 - 5)

5

\c’c\ RU\
N | /1 & ! Eq. 3-4
Cp*~Ru=\- /\Ru-Cp* —_— R’Ic\ g
| >k 170°C Ez\ Y. %\7
= H
Cp*
3a 2a
Ph
R, é
f ~ ‘\\
Cp*-Ru% 'H;‘/Ru—Cp* ———  No Reaction Eq.3-5
J{ _RuZy 176 °c
Cp*
3e; R=Me
3f; R=Ph

5 See Experimental Section.
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ZDX O RRISHEDENE, MBEKHET CRBTAXF U E2ETHEETIE i-t =V FEIZ
BRINDD, WHTAF VEMFTIREOL S REMFERXEZMD Z LB TERNWEDTH S,
IBGHET Ty a(L)-TF R 3 & ps-B' =) T 88K 4 TR DY | 7% VBT
EOBBEDOSIIRE R EEIC L o TR
NRELSET D (Scheme3-3), ¢ 7=

SAES LTFAEDL S ansEOE AL e
RELHT DT, PHREERA cmkfhﬁﬁrw* — cwMé%fipmw
BITRE o TVBR, MRS Wy i Bulley '/c‘f"‘”

-t =V F VBN EBREND, §51K 3a p3 p4

KRBT DZDL S RPEOFER, AL Scheme 3 - 3. $5{k 3 & 88K 4 DOFHERIT.

RIS BNRRRIC K> CHERR L7,

ARETE ps(D-T VX8RI DT hALEZFIR LT, T VEMFEREROREL £
DEEHEE BRE LIRERICONTES 5, EHOT VI N EZBRECH T H8EEOT 1 b
LTI, ATFA M p-T AT ) D EER 14 BER U, -7 AF ) P UVEBMN T2 T 5856
EEZBAT = L2 F) PR 1 LEEOT ALV L ORISEDOBEEECERL TN
CHESNTVLERRERTH D, 2 ERVERELE T H8#ESCHIT V% 2B T 586K
TR7 e AR E o THF A UM us(L)-T A 88K 15 BDER LTZ, ZOHFF kT
TSR E R BBICE FU FEMFAKEE UTHBET S Z LI k> TV AL
T D C=C fE& DEIRTHHEST Lz,

B2 ps(L)-T X CERD T v b AR

3-2-1. pis(L)-T ¥ RO T 0 ARG~ T A A ps-T A% Y DU EEE DB

BEHOTNFINEEZETIRET VX V63D, 3i & 1 UEDT T 7 uRUvERE Kb
T, IFF M -7 AF U VU8R [{Cp*Ru(u-H)}s(us-CCH,R)][BF,] (14b-BF4; R = "Bu,
14i-BF,;; R' = Me) 24K L7z (Eq. 3 -6),

S MrER AR, AR, A TIERZE(2001).
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e
R‘ B R' + ) e
] BF;
c.—-—-C C-—-—-C“ C
\I H HBE, (1 equiv) , H\‘ / \
Cp*-RU=\ ‘"*Ru—c ¥ e | CP*- R"- <] ==Ry-cp* | = Cp* Ru Ru-C R
N T e 23°C H\ =7} HZN P Eq.3-6
, u---H e R ) e H H’Rﬂ‘”
NS
P Cp*H ‘ cp*
3b; R' = "By, R2 H 14b-BF;; R="Bu
3i;RT=H,R?= 14i-BF4; R= Me

$E4K 14b-BF,, 14i-BF, i3 '"H NMR & °C NMR 7 — # [ZE- SO CRE Lz, $514 14b-BF,, 14i-BF,
D'HNMR 5¥—% & PCNMR 7—# & ZZh Table3 -1, Table3-2 TR L7z,
$81K 14b-BF, & 14i-BF i/ FRIZ 3 EBZE LTRY, & FU FRUEFO I 7T MITENE
. 8-239ppm & 6-2.34 ppm IZEHICBE S, CprEDO T 7T AT o085Ek L % 6 1.76 ppm
WEMICBESNT, i T AF U DUERIF O a REBIZEFNF, 64774 ppm & 54785 ppm 12
BRESN, Cp*EORRRII o OMHAEL 992 ppm REgRIh, ZTRETCIHBHRET
BEINTND g7 Y DUBMFEHTBEED a RFE & CprEDBRIRED PCNMR 77—
F% Table3 -3 IR UL, WFAHER 14 D a REDTF IIATT ME, ZhETHRESN
TWAIE (6297 ~ 424 ppm) LY HIEBSFIZBE I, CprEDRRFDOF I INY 7 MIZh
FTCRBEINTHASIE 390~99ppm) LIFERILTHo, ZDX 57 a RKEOEKBESE Y 7
M, SRR EENEHVD L > TEBFLEDBETEBENED L, ups-7AF Y Y
VD o RE~DEBSRPBOONTNHZLERLTINS,

Table 3 - 1. $&{K 14b-BF,, 14i-BF, ® '"HNMR 57— % (d/ppm).

Complexes  Ru-H CsMes Others
14b-BF,  -2.39 1.76  0.36 (C°H,), 0.64 (C°Hs), 0.76 (C°Hs), 0.94 (C*H,), 1.12 (C’H>)
14i-BF, —-2.34 1.76  0.40 (EH

Table 3 - 2. $%4& 14b-BF,, 14i-BF, ® "CNMR 5 —# (J/ppm).

Complexes 13-C CsMes Others
14b-BF, 4774 992  73.5(CH,314(C),29.0 (C), 22.9 (C), 14.2 (C°), 12.1 (CsMes)
14i-BF, 4785 99.2  65.4(CY), 13.8 (C%), 12.0 (CsMes),

7 Takao, T.; Takaya, Y.; Murotani, E.; Tenjimbayashi, R.; Suzuki, H. Organometallics 2004, 23, 6094-6096.
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Table 3-3. =BT =0 b us-T K U DUEEADER PCNMR F—# (6/ppm).

Complexes #3C CsMes Ref.
1. (Cp*Ru)s(u-H):(3-0)(us-CCH,Ph) 343.0 937 8
2. (Cp*Ru)s(u-H)(us-O)(us-CMe) 342.6 93.4 8
3. (Cp*Ru)s(u-H),(us-S)(us-CCH,Ph) 309.1 95.6 9
4. (Cp*Ru)s(u-H)(us-S)(us-CCH,"Bu) 315.6 94.2 10
5. (Cp*Ru)s(u-H)y(s-S)(us-CCsHio) 324.6 94.3 10
6. (Cp*Ru)s(u-H),(u3-S)(us-CPh) 297.0 94.7 10
7. (Cp*Ru)s(u-H)x(us-S)(us-CMe) 309.5 94.6 11
8 (Cp*RIIh(ﬂ"I‘Dz@lyNI‘I)(ﬂrCCHzPh) 316.6 93.3 8
9. (Cp*Ru)s(u-H),(us-PPh)(us-CCH,Ph) 299.2 95.4 11
10.  (Cp*Ru)s(u-H),(us-PPh)(1-CCH,'Bu) 348.3 94.9 11
1. {(Cp*Ru)(u-CO)}s(us-C"Bu) 320.4 98.9 6
12. (Cp*Ru)s(;;-H)zgu”‘-;f-ﬂccmcug-CMe) 310.3 94 1,, 12
13.  (Cp*Ru)s(u-H)( -1’-CHCHC(Me))(i5-CMe) 332.0 93.4., 12
14.  (Cp*Ru)s(u-H)4(us-AlMe)(u3-CMe) 308.3 92.5 13
15.  {(Cp*Ru)(u-H)}s(us-Li)(us-CMe) 418.9 86.8 14
16. {(Cp*Ru)(u-H)}s(us-ZnEt)(us-CMe) 424.3 90.0 14
17.  [{Cp*Ru(u-H)}:(us-CCH,"Bu)][BF,] (14b-BFs) 477.4 99.2 Tf)nﬁsc

W
18.  [{Cp*Ru(u-H)}s(us-CCH,Me)][BF,] (14i-BF;) 4785 99.2 This

work

TR TH 20, 8515 14i-BF, D5y THEE 2 B G X RS AT IC Ko CHERB LTz, 85
1K 14i-BF, O 0 F A VA O F1EE% Figae 3 - 1 [OTR L, 84 4B, T p»-=F U P UES
MFEETHHETHD Z L 2R L,

pT NF Y PUBN T ERT HEEIL. =8
NFomg L Fe FY RégfE 1 LEEOT L
v EDRIGDHERCTHERLTVWS LE
ABNTOAEERMEERBTHS, ¥ ik
14-BF, L & FU FRELDORIGIZE»T, 2D
U7X Y P UEBROERERS T, A
14-BF; & 1 HBDKRUEF VR M =FALYF
AL DRIGERE UTe 8D p- 7 L% ) P
UEERITE LN, p-¥ =0 T U8B {Cp*Ru-

2 (= .= A
(u-H)33(us-ir-C=CHR) (4b; R = "Bu, 4i; R = Me) Figure 3 - 1. S8k 14i-BF, D7 54 L 84 05>
DER L Eq.3-7). THEE (TSR

¢ WASE, AR, B TEAE(2002).

® Matsubara, K.; Okamura, R.; Tanaka, M.; Suzuki, H. J. Am. Chem. Soc. 1998, 120, 1108-1109.
1% Matsubara, K.; Inagaki, A.; Tanaka, M.; Suzuki, H. J. Am. Chem. Soc. 1999, 121, 7421-7422.
RN EAE, IR, B TEKE(2001).

12 Takao, T.; Takemori, T.; Moriya, M.; Suzuki, H. Organometallics 2002, 21, 5190-5203.
BR8N R TERFQ004),

YORBEA, FAGRI, R TEAE2002). «

P Suzuki, H.; Inagaki, A.; Matsubara, K. Takemori, T. Pure Appl. Chem. 2001, 73, 315-318.
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+
| ~R
-
¢ C

LIBEt;H c /A

(1 equiv) -H, e TR
cp*-Ru<|—Ru-Cp* —_— Cp*-Ru<|—/Ru-Cp* ——>CP*'Ru<IARu-CP*
| NIHZ -78°C I NI -78°C | N =7 Eq.3-7
H

H-"RU‘H H_‘/S:‘/ //RU‘H
Cp* Cp*H Cp*
14b-BF4; R= "Bu B B 4b; R="Bu
14i-BF4; R= Me 4i; R=Me

ZORERIIFED p-T N Y OUENTF 2B T DHERIIFTRETHY . fARHEBEZ X > T
BEH p- = VT UBERANEEREND Z L ZER LTV D, 88k 1 LHEOTALI VDR
JE TR CHE G DYIWNC Lo T pp-TAF Y D UERNERT B b D EEZ DR TVS A,
AR LB IIERIZ BRRBBEC L > T - = U F U8k 4 85I ps(L)-7 % L85k 3 ~
EEMIND Z LR SN (Scheme 3 -4), ZREANR=NY FRAEZ—ETO ps-T A F Y ¥
VEREIND py B2 Y T USRS OERR, I - = U T UG D T % ) VU~
DEBIIRBONIUETH B, 1°

L | fast
1 Hz-alkylidyne
©=Rucp* complex

Scheme 3 -4. $5(K1 L EED TV H v & OHEERSHHE.

'S (a) Vites, J. C; Jacobsen, G; Dutta, T. K.; Fehiner, T. P. J. Am. Chem. Soc. 1985, 107, 5563-5565. (b) Bemhardt,
W.; Schnering, C. V.; Vahrenkamp, H. Angew. Chem. Int. Ed.. 1986, 25, 279-280. (c) Suades, J.; Mathieu, R. J.
Organomet. Chem. 1986, 312, 335-341. (d) Dutta, T. K. ; Vltes, J. C.; Fehlner, T, P. Organometallics 1986, 5, 385-386.
(e) Dutta, T. K.; Meng, X.; Vites, J. C.; Fehlner, T. P. Organometellics 1987, 6, 2191-2200. (f) Seyferth, D.; Hoke, J.
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322 us(L)-T ¥ VRO T 1 R ALK~ F A2 ps(L)-T % VRO AR

FAFVEMEFECPEBEVBRESCHETAIVEMTFEET D m)-7 v * ik
{Cp*Ru(u-H) }s(usn>17(L)-R'CCR?) (3a; R! = Ph, R* = H, 3¢; R' = Bu, R* = H, 3¢; R' = Ph, R* = M,
3f;R'=Ph, R*=Ph) & 1 YEDO~FH 7 NFukvige ORGTIE, EBF.L~DT 1 FALIZ
Lo THF AL ps-T A R [{Cp*Ru(u-H) }a(us-H) (s 77 (L)-R'CCRA][BF,] (15a-BF,; R'
=Ph, R*=H, 15¢-BF,; R' =‘Bu, R? = H, 15¢-BF,; R! = Ph, R? = Me, 15£-BF,; R' =Ph, R* =Ph) 2345%
L7z (Eq.3-8)

R R o
RZ i RZ l —‘1 BF,
N\, c N e
C ~ KN
1,/\/ ’ o HBF; (1 equiv) I’K/ 1 Hn\
Cp*- RUSNC =Ry~ Cp* et O~ RUENC | ——ZRu~Cp*
N e ™ T IN |
H*", H NS Eq.3-8
cp* CP* H

3a;R'=Ph,R®=H

3c;R'=1By,R®=H

3e; R'=Ph,R®=Me
- 3f; R' = Ph, R* = Ph

15a-BF4; R'=Ph, R?=H
15¢-BF; R'=Bu, R?=H
15e-BF4; R = Ph, R? = Me
151-BF4; R' = Ph, R? = Ph

B F A M pa- T % 4K 15a-BF,, 15¢-BF,. 15¢-BF,, 15f-BF,iX 'H NMR, *C NMR 5
FIZHESHNCREE L, &8EEOH NMRF—#, PC NMR F—F &ZNFH Table 3 - 4 &
Table 3-5 2R L7z,

Table 3 - 4, $&{% 15a-BF,, 15¢-BF,, 15¢-BF,, 156-BF, ® 'HNMR ¥ —# (J/ppm).

Complexes Measurement Ru-H Cshes Others
(Alkyne) Temp. (°C) ‘
15a-BF, 23 -14.67 (s) 1.92 (s) 5.83 (d, Ph), 6.92 (t, Ph),
(PhCCH) 7.20 (t, Ph), 1049 (s, CCH)
15¢-BF, 23 -14.28 (s) 2.02(s) 0.72 (s, ’Bu), 10.77 (CCH)
(‘BuCCH)
15e-BF, 23 ~19.80 (br) 1.92 (br) 2.49 (s, CCMe), 5.83 (4, Ph),
(PhCCMe) ~10.15 (br) 6.92 (t, Ph) 7.20 (t, Ph)
~80 ~23.31 (br, IH) 1.60 (s, 15H) 2.41 (s, CCMe), 5.80 (d, Ph),
-17.30 (br, 1H) 1.96 (s, 30H) 6.87 (d, Ph), 7.18 (d, Ph)
-9.93 (s, 2H)
15£-BF, 23 ~14.83 (s) 1.72 (s) 6.54 (d, Ph), 7.07 (t, Ph),
(PhCCPh) 7.22 (4, Ph)
~80 ~1757 (br, IH) 1.74 (s) 6.49 (d, Ph), 7.08 (t, Ph),
-14.05 (s, 3H) 7.25 (t, Ph)

$£1K 15a-BF,, 15¢-BE,, 15f-BF, ® 23 °C 28T 5t F U F¥ 7 it 614 ppm R singlet

ELTEMICBESR, CpEDYZ i d 1.7 ~ 2.0 ppm I singlet & U THMICBR I
(Table 3 - 4), —7F5, FEDSEIK 3¢ L&A 3f TiX, 23°C Tk FU FEALF & CprED T T it

B.; Cowie, M.; Hunter, A. D. J. Organomet. Chem. 1988, 346, 91-104.
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ZThER, 1:2 CHESh, DFRCNHELETHEEL—8T 5, 7V 2k, 3Tk
M CIEELHECE R FERIF & CprE0 v 7 IrizhFh7u— Ry 7L LT 12
TEEIND, | ZITSEE 3a TILSE 3¢ R0 3F & il U T 7 L% L BILF O switchback motion
DHEL, NMR DF A AR —ANTIIRHEEZ AT HEEL LTREIhRN I EZ2RLTY
5, Thbb, $51K 15a-BF,, 15¢-BF,, 15f-BF,® 'HNMR 5 — ¥ OFERE, Zh b Ok Tit
EBITNF VEAFIESRELTE Y, NMR O A LA —)LVNCOREES T 3 [ %
FOoBEL LTEREERTWAZEERLTNS,

SEK 15e-BF, D 23 °C 2RI B L KUY R 7 viL, 6~19.80 ppm & 6-10.15 ppm (2 ZFHFh
Tua— RNy Al LTI CERESN, COp*ED Y 7 it s 1.2 ppm I2 70— R 27k
UTHMICBES L (Table 3 - 5), 2k, 8445 15a-BF,. 15¢-BF,, 15f-BF, & [l LT 23 °C
TOTNAHEMTOBENBNILEZRLTWS, BETE 'HNMR Z2HIELEELZA,
=80 °CIZBWWTE N F¥F i onra— Ry 7L (0 —23.31, -17.30 ppm) & Fiv—
DDYTFN (6-9.93ppm) 2 1:1:2 THEIN, Cp*ED T 7 F L 1E 5 1.60 ppm & 6 1.96 ppm
ENENY 7y LT 2 THEINZ (Table 3 - 5, Figure 3 - 2), ZHiX, —80°C Tix
TN CEAMFITFFEL TS, 62331 ppm & 6-17.30 ppm (BB E N5 >0k F U FE2
MAFRZBELTNDH I EZRLTVD, ZORRPL, ZORIFERE COMNFE EOLFEL FY

23°C
] f& A aR 10 °C
s asen , -20 °C
- 30°C
. -40 °C
50 °C

N -60 °C
W . 0
. A A g0 ec

24 20 10 18 17 1.6PP™ 80 120 -16.0 .200 PPM

Figure 3 - 2. $51K 15¢-BF, DIREFIA 'HNMR 22 ML (F: Cp*Ek, #: Ru-H).

17 Complex 3f: See experimental section for Chapter 2.
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=RuCp*
Scheme 3 - 5. §51K 15e-BF, D—80 °C {2331} 5 us-H & u-H DHEERZHHERE.

FEALF & ZHEEB L NV FEMLF O REE S /- (Scheme 3 - 5),

$&{ 15a-BF,, 15f-BF, D-80 °C T/ 'H NMR HIE TiL, $5k 15¢-BF, & B2 5B F0EEX
iz, $iK 15a-BF, Dt FU FEMFOI I M7 n— FIZBESh, CprEDT I it o
1.94 ppm [ZZMICBR SNz, Zhid, —80 °C Tk NV FENLF DO 7 TSR EMTIC
BT BB, TNAFx VEALT D switchback motion 1338 . 3 EE DO H DL L THREIRTWS
ZEBRRLTVD, EF1SIBF, Dt R RRALFOT 7 FNiE6-17.57ppm & §-14.05ppm I
3:1°T, CprEDY 7TV ppmIZ Yy Y Ly bE—2 & LTHEIBIZESh, 7==1
EOTTFViT 1 BEOAPEE SN (Table 3 - 4), Z DFERIT, $8/4 15(-BF, TiZ—80 °C 2B
WTH TS VBT D switchback motion ITE . NMR D Z A LA —/)VC 3 BEIDH 5 EE
ELTEBESNSD. b N PR FIIZERB0 L BB L CHEMBREINDZ LRLT
W,

HF A AR T a F ALT B RTDEERD PCNMR 77— % Z BT 5 & (Table 3 -5), 7L
XURBEDTIANYT e CoEDBREOF IANTT MIE BITHTFF U MEEEDFR
IKBEBIBE LTRSS N, £, VX UVEMFDAF UIREBEDON v 7)) » TERIE, AF
AR DFRRELBEIN, 2hid. 7o MR > TEBHRLOBEFHBENEFT L.
TINF VRRBR CprEE~DHHE R Lzl dThd EE X b5, 854K 15-BF, DT /L%
RFEDT IANTT7 MIhOsER L R SMICBEINT (Table3-5), D7 IH N7 |k

Table 3 - 5. $8/K 15a-BF,, 15¢-BF,, 15¢-BF,, 15f-BF, & $&/4 3a, 3¢, 3¢, 3f D72 PC NMR ¥ —#
(23 °C, o/ppm).

Alkyne ligand CsMes Ref.

Complexes (Alkyne) inner outer (Jon)

15a-BF, (PhCCH) 74.2 175.9 (195.7 Hz) 97.7 This work
15¢-BF, (‘BuCCH) 68.6 168.8 (193.4 Hz) 96.6 This work
15e-BF, (PhCCMe) 76.4 184.9 97.9 This work
15f-BF, (PhCCPh) 123.2 98.7 This work
3a (PhCCH)* 66.3 178.5 (183.4 Hz) 84.7,89.9 7

3¢ (BuCCH) 60.4 160.5 (181.7 Hz) 84.5,87.5 7

3e (PhCCMe) 73.7 181.0 85.5,90.8 7

3d (PhCCPh) 74.3 172.6 86.1,91.7 This work

840 °C CHIE
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IR EOSEEONR ESMUD T V% RBOMEE T UIALB IR S h -, ZhiTAIEE
BEIZRBWTT IV VELF D switchback motion 5B |\ TV ¥ VEALF RICFR UEEOBHE S
oo Th b,

3-2-3. $E1A 15e-BF, DBLfESS X HHETEMRMT

$EIK 15e-BF, D% /) — V[V T FNT—TFT BRAYERE-30 °C THETD Z LI2L->THED
NIABE TR R Z AV THER X BT E1T2V., TO0 TSR Lz, Bk
FRITHSLIR 2 53 F 2B ATV, 851K 15e-BF, D7 F 4 B4y D4y FHEE % Figure 3 -3 135R
LT, ERFEAREFEEAE Table 3 - 6 IR LI RO, $8K3e DELRREARLESA
% Table3-7 ITRLE, 8

c(39)

Figure 3 - 3. $5{K15¢-BF, DU F 4 85 D578 EURBEMEZ 40% O 5HERTRRLE).

SRR 15e-BF, i18E(K 3e L FARIZ, 1-7 = =1-1-7 B ¥ 238 —2® Ru-Ru fE& 120 L CEREIC
BALLIBE R AT D, T/A% VEALFO C=C MEREIN 140 A TH Y, ZhETRRBESHh
TWBREERIC—RORETH o7, 1° I F 4 MbEiA 15e-BF, ® NMR F— & CiX, switchback
motion HEL RDIERFRTNHVIRBLV T TADIEEE Y 7 MABE S8, #iE R
DEEA e LB L TT N VEALF O C=C MEEMECL 7 = 7 h-REMERE, 7% VBT
DEAAICKEREZIZRADNARD 57 (Table 3 - 7),

B BOEE, B KR IFERFE(1994).
1% See chapter 1, Table 1-2.
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Table 3 - 6. $5{8 15¢-BF, O X2 EEE A) LEAA O

Ru(D-Ru(2)  2.7134(3) Ru()-Ru(3) _ 2.8085(3) Ru(D-Ru(3)  2.7986(3)
Ru(D)-C(1)  2.146(3) Ru(2)-C(1)  2.291(3) Ru(2)-C2)  2.055(3)
Ru(3-C(1)  2.250(3) Ru(3)-C(2)  2.043(3) C()-C2) 1.397(4)
C(2)-C(3) 1.495(4) C(1)-C(4) 1.487(4) Ru(1)-CEN(1) 1.84
Ru(2)-CEN(2) 1.84 Ru(3)-CEN(3) 1.85

Ru(1)-Ru(2)-Ru(3) 60.875(7) Ru(2)-Ru(3)-Ru(1) 57.883(7)
Ru(2)-Ru(1)-Ru(3) 61.242(7) Ru(1)-C(1)-C(2) 127.79(19)
C(1)-CQ)-CQ3) 126.6(2) C(2)-C(1)-C(4) 117.3(2)
Ru()-Ru(5)  2.7599(3) Ru(5)-Ru(6)  2.8071(3) Ru(4)-Ru(6)  2.7649(3)
Ru(4)-C(40)  2.147(3) Ru(5)-C(d0)  2.275(3) Ru(5)-C(41)  2.0593)
Ru(6)-C(40)  2.248(3) Ru(6)-C(41)  2.038(3) C0)-C(d1)  1.393(4)
C41)-C(42)  1.501(4) C(40)-C(43)  1.487(4) Ru(4)-CEN(4) 1.84
Ru(5)-CEN(5) 1.85 Ru(6)-CEN(6) 1.85

Ru(4)-Ru(5)-Ru(6) 59.551(8) Ru(5)-Ru(6)-Ru(4) 59.375(8)
Ru(5)-Ru(4)-Ru(6) 61.074(8) Ru(4)-C(40)-C(41) 128.67(19)
C(40)-C(41)-C(42) 127.6(2) C(41)-C(40)-C(43) 118.6(2)

Table 3 -7, 8k 3e DELEEE Q) LFEAA O

Ru(1)-Ru(2) 2.7928(8) Ru(2)-Ru(3) 2.8468(8) Ru(1)-Ru(3) 2.7932(7)
Ru(1)-C(1) 2.1304) Ru(2)-C(1) 2.249(5) Ru(2)-C(2) 2.027(5)
Ru(3)-C(1) 2.249(5) Ru(3)-C(2) 2.031(5) C(1)-C(2) 1.418(7)
Ru(1)-CEN(1) 1.84 Ru(2)-CEN(2) 1.86 Ru(3)-CEN(3) 1.34
Ru(1)-Ru(2)-Ru(3) 59.372) Ru(2)-Ru(3)-Ru(1) 59.53(2)
Ru(2)-Ru(1)-Ru(3) 61.28(2) C(2)-C(D)-C(4) 116.2(4)

3-2-4. $51K 15e-BF, D 7 V% BN F D switchback motion DFEPEL RN F—

JEEEFZE 'THNMR 12 & VI LTz, 851K 15¢-BF, © Cp*ELS 7 AL ORI L > T T L%
ERLF D switchback motion DEE R E RO BEEINTART M v Ialb—a D
WR% Figwre3-4 RLT, BONEEEEHEZRVTEEEAT A—F 2B L, 863
DfE & HICHER%E Table3 -8 AR LT,

B F A& SR 15e-BF, DIEVEL= 2 # L 2" — 3851 3e & HlR U CHI L keal mol ' B L, ¥&
P b e B30 12 cal mol ™ K™ IEIZHENN LTz, 545 15e-BF, @ 298 K 12381 B 1EMEL— X
X 3G 3e & B L TR 4 keal mol B L TR Y B FLOT T P AL Lo TTAF
VBN FRBES LS RB I EBSND, Bz AT ENIE SRR, Eib= b
o E—RIEHEN LT 2 &4, switchback motion DERIRIEICHIT 5 BHEMEMT A Z Iz X
STTNFVENFRBEESRDIEEZRLTND,

T IVF LEALTF O switchback motion VL, =0 7 ~D = EIEBEN FOEANIZ L > THELT
B ERBEINTWS, JIEZHEPHRE = 7TICEA L, m(L)-7 V% 8K {Cp*Ru-
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Table 3 - 8. 851K 15e-BF, & $i&4K 3e O switchback-motion DIEMEAL/NT A —%

Complexes AH* [keal mol™] AS* [cal mol” K] AG* 505 ¢ [ kcal mol']
15¢-BF, 16.2(7) 12(3) 12.6(2)
3e 17.0(4) -0.2(1) 17.0(4)

(u-H)}3(ps-17: 77-(L)-PhCCH) (165-MCl) (16a; M = Cu, 16b; M = Ag) ZAEL (Eq. 3 -9). = EHRBER
MFEEATDEZLILL > TT AR UEMFOBEPE DI L ERELTND,* 51K 3a,
16a, 16b DIEMEALNT A —F % Table 3 -9 TR L7z, $E4K 16 OTEMEAL/ST A — FITAH 359 9
~10kcal mol ™', AS' 2% -3 calmol’ K™ Th V., $h 3a & LR L TIEM LT v F L =23
4 keal mol' A LT We, Zhid, ZEEBRMLFEEATEZEICE>TEBTLOETE
ERNETL. @BPOLTAX VERMAT L ORFBEBBO SN/, TIF VEMFIEIE 5L

IRolc CEREND, $5F 15e-BF, i3I Z OB L EXBMIC AST BEICHEMTSZ L2k -TT
NEVEMFPBIE G RD L EHER L, ZORRIE. I F A MEEE ECIT switchback
motion DEBEFBRBIZEBVTEERSEOEBEENEMLTVWAZLERLTNWS, BHRETIX
Tx CEALF P ATEMEITV R TH Y T AF VB F I FATRAEIC 25 LT V%
AT EDOBEHREL CprEl DIBEKBENRKREL 2D Z LPERTRIZL > THIrDLERATY
%o P UEDEERNMD, I T4 U HER TSR P EBREH VB I LIZE > TAT =Y
L& CprE L DFEENRFDO LI, TAF VENMNF EOBHRE L Cprik & OB ENERT S /-
DT NVFVEBAFHREEELS 2D LEBELLND,

C’C

Cp* Ru‘ N \Ru -C ————-»Cp Ru'= " Ru Cp*
p*

’ u-—H Eq-3'9

p CP*M
¢
3a 16a; M= Cu
16b; M = Ag

Table 3 - 9. #8544k 3a & $B4K 16a, 16b D switchback motion DIEMAL/RTF A —% .

Complexes AH* [kcal mol™] AS*[calmol' K']  AG! gk [keal mol’]  Ref.
3a 14.0(3) 0.2(10) 14.0(0) 4a
16a 10.0(5) ~4(2) 11.0(1) 20
16b 9.1(2) -3.89) 10.2(1) 20

01| £, BRI, EARITEKE2001),
#! (a) Schilling, B. E. R.; Hoffmann, R. Acta. Chem. Scand. 1979, 3, 231-232. (b) Riehl, J.-F.; Koga, N.; Morokuma,
K. Organometallics, 1994, 13, 4765-4780.
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k=38s"

A

-30 °C

40 °C k=05s"

.20 °C J k=10s"
240 190 170 PPM 240 180 170 PPM
Observed Simulated

Figure 3 - 4. $5/K15¢-BF, DIREFIZ "H NMR A2 (9% (; EBEOF¥—HM h, ¥YIa u»—é
T a DFER). :

3-2-5. S8R 3 D71 b AL TBE SN BRI DN TOER

us(L)-T N EER 3 DT 1 b AL T, TR VEMNTFOBWC Lo TRRLIERMIED
hic, ZOXHRBRENEOL I RBRIZESS OPEHRLPICTE DI, -t =0T
$E4K {Cp*Ru(u-H)}s(us-"-C=CHR) (4a; R =Ph, 4b; R' ="Bu) % =HN-T =T AR &b R
E1ETATVEDRIFICE > THBAR L., S Chb DR L | FEALDO~FFTAFTaRY
B L ORIGE BRI LT,

7 x = VERRT B8R TR T U7 = = AT B F L R 15a-BR AR L.
T FNEER T BEEER 4b TIXD F Ak pe-nF U D UK 15b-BF, DSER LTz (Bq. 3 - 10),
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Ph o
ol er
C
HBF, (1 equiv)
Cp* Ru Ru Cp*
H 23°C _
LR/ "‘
/A
/C{"“\‘ 153'BF4
Cp*-Ru ==Ru-Cp* -
H// H +
cp* "Bu ] BF;
4a; R=Ph W
4b; R="Bu \
HBF; (1 equiv)
Cp*- Ru<| Ru Cp*
H’Ru—-H
14b-BF4

ZOBIRMEIT ps(D)-T A F VR3O0 M ALDORREF U Th o7z, TSR 3 1T
FETTu-E = T U880k 4 L THIRRBICAR B 2 L S TR, #4070 P ALDE
R, AT AHGEEETES ps(L)-TAF R p- 0= ) T UKL OFERHEIEL, C2 B
NFDEBREDOY A AL o TZORERXEINTNDEZ EE2RLTWS, T42bh, »EE
WEBREEH T D8R us(L)-T N F EERSBRAEMICRETH B, BEYEOTAFAED L
DBRPED/NSWVEBEBREEZHT IR T 4- =) F U PR RETH S, Ru-HEES~
DFEALUEHHEIT U T V¥ ) OVEBRIFICEBREND Z LERLTVS,

I T A M py(L)-T R bk & — bR & DR

BERZ 'H NMR OFERDP S, B F A4 A L CIIRBE Lich 5 = >0t F Y FERALT
@Ewﬁﬁﬁﬁﬁéﬂt(E@R3JL:®§ﬁﬂﬁ%ﬁ*$%ﬁ%ﬁmLT@ﬁTéhwk%
Z DI T2 2 EFERAFHEEE LA IR BORMA RS IR 5 2 L 2 RBT 5558
Thod, BIZAIE, ZBAT=ULT 7 FU FERIIEKFLABICHD Z#H L, 2 DFT &
BiCE > TZORBUIL FRAKRERZRE L TEITTHZ EBXRENTEY, 2 HFHRKE
SEEDIRRILY 7 A Z — EIZB T 2RUGROFBR L BRECBEEL TV, 7r FAKICE e F
U FEALF D mobility DIBINT L » THAZERIGHEZ »RF< f; 5T EhREIFF I,

PHEORIET VX VA FE2ETH8E3 L CO L DORIGETIXE F) FREMFORBIISES
WY\ Ru-HBEE~DOTNVE VBT OBASISHEITL, 7T IRTF 4 v VHEEREET S p-

2 Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima, M.; Tanaka, M.; Moro-oka, Y. Organometallics
1994,13, 1129-1146.
B Tussupbayev, S., Wboishchikov, S. F. Organometallics 2007, 26, 56-64.
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FAFNAEER 1T BNERT S, ¥

R
\
H , /CH2
‘6. H-c_, 9 o
b /I, co | IB-°S 8,
Cp*-Ru= Ru-Cp* ——» Cp*-Ru="—/—Ru-Cp*
RuZ_ 23°C \ku/ Eq.3-11
A
cp* * C
P Cp’ °
3a; R=Ph 17a; R=Ph
3b; R=Bu 17b; R='Bu

RNF A ANEGER 15a-BF, TiX, ZORRLERYV v N FRAFHPKESFELUTCHBELTH
FA UM pa(L)-7 == AT F L, p VR =V [(Cp*Ru)s(u-H) (s 7°(L)-PhCCH)-
(u-CO)][BF,] (18-BF,) B4R L7 (Eq.3-12),

Ph * Ph o

H ; _I BF; H, ; _l BF;

\Ic /
Eq.3-12
c R\-IH\R c*———»c R\-l RC + H
p lu\\ // !u P 23 °C p ‘S Ru n p 2
\\
cﬁ* H P
15a-BF4 18-BF4

514 18-BF, iX '"HNMR, "CNMR 7 —Z IZESWCHEE L, 'THNMR F—# & BCNMR 7
—ZEZENEI Table3 -10& Table3-11 IZ/RL7, B FYU FEA-FD 7 F VX 5 -2.82 ppm
IZEMICBRIN, Cp*ED T 7T NiE51.58 ppm & 62.10 ppm iZ 1:2 TEE Sz, 7%
BALFDAF L AKRIRDY 7 FTNIL 6972 ppm ICBEE N, Fho, WRIO T AF VIRED T I H
N7 ME 44 5ppm, SMUDTNF U IREDF I ANV 7 Mt o164.5ppm (2 AF L KFEED
2050 Hz DA v 7Y > 7 o T doublet TREE Sz, ZHRETIZHRESNTWARET V¥
VINERAL LT pa(L)-T X UEEERDERNMR T —4 % Table 3 -12 2R LTz, ZEAT =T A
AT, ZEEBEMA FOERIZL T, MUDOT L* R EDKFRIL, §9.36~11.62 ppm

Table 3 - 10. $5/4 18-BF, ® 'HNMR 5 —# (6/ppm).
Ru-H CsMes us(1)-PhCCH Ph
-2.82 1.58 (15 H), 2.10 (30H) 9.72 5.86, 6.81, 7.06

Table 3 - 11. $4/% 18-BF, ® °C NMR 5 —# (d/ppm).
CsMes #-CO #3(L)-PhCCH #3(L)-PhCCH (Jep)
93.5,101.6 255.1 445 164.6 (205.0 Hz)

2% Tenjimbayashi, R.; Murotani, E.; Takemori, T.; Takao, T.; Suzuki, H. J. Organomet Chem. 2006, ASAP.
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BB S, 8544 18-BF, DIED Z DEHEWN TH o7z, S5 18-BF, ® p- W NV AR=VEMLF D7 I
AN T M id 82551 ppm ICBE S, ZRNT =T LT TAZ—O p-AINVRZVEF OIEE
IFER U TH -7 (Table 3 - 13),

Table 3 - 12, u5(L)-7 /L3 4R DT/ NMR 5 — 4  (S/ppm).

Complexes "H NMR PCNMR (Jon) Ref.
-CCH Alkyne

inner outer

1.  {Cp*Ru(u-H)}s(PhCCH) (3a) 9.91 67.2 177.5 7
(180.1 Hz)

2. {Cp*Ru(u-H)}s("BuCCH) (3b) 10.22 67.2 180.7 1
(176.6 Hz)

4. {Cp*Ru(u-H)};(‘BuCCH) (3¢) 9.77 60.4 160.5 7
(181.7 Hz)

6.  (Cp*Ru)s(PhCCH)(u-CH) 10.85 103.8 218.0 4c
Q)

7. [{Cp*Ru(u-H)}s(us-H)PhCCH)][BF.] (14a-BF,) 10.49 74.2 175.6 This

(195.7Hz) WOk

8.  {Cp*Ru(u-H)}3(PhCCH)(us-CuCl) (16a) 10.06 78.7 180.2 20
(187.2 Hz)

9.  {Cp*Ru{u-H)}s(PhCCH)(us-AgCl) (16b) 9.36 73.8 170.8 20
(200.0 Hz)

10.  (Cp*Ru)s(u-H)PhCCH)(1s-BH) 10.14 83.9 199.3 8
(183.6 Hz)

11.  (Cp*Ru)s(u-H),(PhCCH)(us-ZnEt) 11.62 81.3 203.6 14
(181.8 Hz)

12.  (Cp*Ru)s(u-H)(PhCCH)(us-GaMe) 11.09 91.1 208.1 25
(177.1Hz)

13.  [(Cp*Ru)s(u-H),(PhCCH)(1-CO)][BF.] (18-BF,) 9.72 44.5 164.5 This

(205.0Hz) Work

Table 3-13. =L T =T AEKR EO I VR =AENF D PCNMR F—# (d/ppm).

Complexes #-CO #3-CO Ref.
1. (Cp*Ru)s(u-CO){us-COYCH,CH,Ph) (17a) 253.4 263.5 24
2. (Cp*Ru)s(u-CO)y(us-CO)CH,CH,'Bu) (17b) 251.9 263.3 24
3. {Cp*Ru(u-CO)}s(us-CH) 247.1 - 24
4. (Cp*Ru)s(-CO)(us-CO)ua(/))-CeHs) 238.4 261.5 26
5. [(Cp*Ru)s(u-H),(PhCCH)(u-CO)][BF.,] (18-BF,) 255.1 - This work

B R £ iRt AR TERF(2004).
* Takao, T Kakuta, S.; Tenjimbayashi, R ; Takemori, T.; Murotani, E.; Suzuk, H. Organometallics 2004, 23,
6090-6093.
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WA W F A M us(L)-T % RO IMBGC X BB REBRES

$EK 15a-BF, & —BLIRB L ORIGIC L D W F A4 U HE8EETIX e R U FEMAFRKESTFL
UTHRBELRTWEZ L2 RER LTz, KRENTTIIN FA UMESEE 15 OMBUZ X B TV VEALFF
WEBRSOSE BRI L AT A MR T e NY FEALFBBBET 5 Z L I2 X > TT v VBRAL
FDC=C FEEDYIMBEBITETTEHZ L2 RAH L,

341, 7z VT EFLIRDT 2= AT EF U U BEAL LT SR DI G

$51K 15a-BF, % 50 °C TMEAL T2 & Z A, 34 LIV EVBBER LNV T T ou ¥
DB EET D ITFF M closo Bl 34-_0 ), VT F L a2 D UK [(Cp*Ru),-
{Cp*Ru(u-":1*-CH-(CsH,)-CH) } (u-H),] [BF,] (19-BF,) H4pL L7z (Bq. 3 - 13), #5814 15-BF, b [FAEk
BEISEHETT N VA FOBEERIIEHEIT L. I F A % closo Bl 2,3-~2 Y, VT )
I aRy g DT K [(Cp*Ru){Cp*Ruu-n"#"-(CeHy)-CH=CPh) }(1-H),][BF,] (20-BF,) 234k
L7z (Eq.3- 14),

+
A 7'7\‘ er

\C"c

I\/ H ™ HH // N
cp* I}u\\- //R'u cp* ﬁ(\ " /)7 Eq.3-13
NS
15a-BF, 19-BF4
4 +
Ph Plh e ﬁ_ e
c’c .
I \/ \R
Cp*-Ru //Rlu cp* \\ I Eq.3-14
/\\ /
cprH
15f-BF4 20-BF4

$E1A 19-BF,, 20-BF, OFIEIX, 'HNMR, "CNMR, COSY. HMQC 7F—# [Z &3\ (fTi2 -
7zo '"HNMR 7—# % Table3-15 12, E72>CNMR 7 —%# % Table3- 14 IR LTz,

$81K 19-BF, D — oDt FU F¥ 7Tk 6714 ppm IZEMMICBE Sh, CprED Y 7 F i
d1.58ppm & 5222ppm 2 2:1 THEEI NIz, Fiz, $5F 20-BF, bEHKIZZ>DE FY F¥ 7
FViE 6 -7.35 ppm \ZEMICBE SR, CprEDY ST IES 148 ppm & 6217 ppmiZ2:1 T
BRIN, 2N BSO8R FRICERN 2 ET 720 TH 5, ZNE TIIHRE
ENTWBIFA o closoBINT FL 7 a8 KOELRHNMR ¥ —# % Table 3 -
6 Il
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Table 3 - 15. $&{X 19-BF,, 20-BF, ® 'HNMR 5 —# (5/ppm).

Complexes Ru-H CsMes Ruthenacycle
20-BF, -7.14 1.58 G0H), 222 A5H)  3.79(s, C*H), 7.49 (dd, CH), 6.73 (dd, C*H)
21-BF, -7.35 1.48 (30H), 2.17 (15H) 8.35 (s, C°H), 8.35 (dd, C°H), 7.23 (dd, C'H),

6.47 (dd, C°H), 6.36 (d, C°H), 6.63-7.08 (Ph)

Table 3 - 14. $5/K 19-BF,. 20-BF, ®E/2 B*CNMR 5 —# (d/ppm).
Complexes CsMes Ruthenacycle
20-BF;,  90.5,96.5 77.2(C*), 109.1(d, C), 126.8 (dd, C°) 128.8 (dd, C").
21-BF, 89.8,96.7 118.8(Ch, 65.5 (C%), 79.9 (C™), 128.4 (C°), 127.8 (CH, 119.8 (C),
144.9 (C°), 127.7 (C*)

NTF IR D CBRIIAR B VRBER U288 (Table 3 - 16, No 1, 2, 3), #EER
UTOWRWEERE I~ Te MU FEALFHMMEBBIZ V7 ML TBIE SR, Zhi AT T v 7
ARV o EROEERMEBRES N Z LKL > TCEBPLOETHEEMETF L. E FUF
BN F~DERBDREBBD LD ThD EEL LD,

Table 3 - 16, ZF AL closo BINTFFL 7 a2 Pz 45K03E7 'H NMR F—#

_(d/ppm).
Complexes Ru-H CsMes Ref.
30H 15H

[(Cp*Ru)x(Cp*Ru-CH-(CsH,)-CH)(H),][PF¢] (19-BF,) -7.14 1.58 222 This work
[(Cp*Ru)x(Cp*Ru-(CeHy)-CH=CPh)(H),][PFs] (20-BF,) ~7.35 148 2.17 This work
[(Cp*Ru)=(Cp*Ru-(CHy)-CH=CH)(H),][PF¢] -7.81 1.62 2.15 27
[(Cp*Ru)»(Cp*Ru-CH=CMe—CH=CH)(H),] {PF] -8.11 1.89 2.11 1
[(Cp*Ru),(Cp*Ru-C("Pr)=CH~CH=CH)(H),}[PF] -8.15 1.90 2.09 1
[(Cp*Ru)2(Cp*Ru-CH=CMe—CMe=CH)(H),][PFs] ~792 187 2.14 28

$51K 19-BF, O FBEIL, =& / — WP 2 FNo—TFT VBRABEREZ-30°C THETHZ LI
Lo THELNIERENTRERZ AVT, BES X SR L - TR L, 88K 19-BF,
DRFF B Doy FHEE R Figure3 -5 DR L EREERLFEEAT Table3-18 ITRLI,
%7 $EHK 20-BF, D7 =+ % BPhy 7 =4 AT ASHE U CHEE 20-BPh, 7572, Z D$E/A 20-BPh,
DX, THF/ V= FNT—F VIR E-30 °C THET D Z LI Lo THE LR RE/NRE
SR AVTERER X BIEEAITIC Lo THESR LT, $51K 21-BPh, OO F A D D4y FHEE L
Figure 3-5 IZ;RL, ERBEERLBEAL Table3-17 TR L,

T Ak, SRR, R TEKRF(1999).
2 Takao, T; Inagaki, A.; Imamura, T.; Suzuki, H. Organometallics 2006 25, 5511-5514.
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c(24) C{3) c{22)
€18y ca7
S S cugy (> cizs) (;\‘ ) cun) .
— - 7 ) cay
(R RS SRS c(15)
(2 ci2z) c{19)

c(15) €20}

C{38)

C\ C(36)
C(30} }\?-6(31)
Ru 74

Ay
C(34) %(37)

Figure 3 - 5. $&4 19-BF, & $5{4 20-BPh, 7 F 4 5 D4y FH#EE (K; #8516 19, A; 851K 20, BUR
R MAIT 40% DO EFETERRLE).

Table 3 - 18. 5K 19-BF; DELEAE A) LHEEAC).

Ru()-Ru@?)  2.7661(7) Ru(1)-Ru(3)  2.7721(7) Ru(2)-Ru(3)  3.7774 (18)
Ru(1)-C(1) 2.111(5) Ru(1)-C(4) 2.092(5) Ru(2)-C(1) 2.334(5)
Ru(2)-C(2) 2.240(6) Ru(2)-C(3) 2.238(5) Ru(2)-C(4) 2.297(5)
Ru(3)-C(1) 2.326(5) Ru(3)-C(2) 2.240(5) Ru(3)-C(3) 2.222(5)
Ru(3)-C(4) 2.293(6) C(1)-C(2) 1.444(8) CQ)-CB) 1.487(8)
C(3)-C4) 1.452(7) C2)-C(5) 1.467(8) C(5)-C(6) 1.341(8)
C(6)-C(7) 1.454(10) C(N)-C(8) 1.370(9) C(8)-C(3) 1.458(8)
Ru(1)-H(1) 1.66(4) Ru(2)-H(1) 1.58(4) Ru(1)-HQ) 1.67(5)
Ru(3)-H(2) 1.53(9)

Ru(2)-Ru(1)-Ru(3) 85.35(2) Ru(1)-C(1)-C(2) 118.9(4)
C()-CQ2)-C(3) 113.3(5) C(2)-C(3)-C(4) 111.5(4)
C(3)-C(4)-Ru(1) 120.2(4) C(4)-Ru(1)-C(1) 76.1(2)

Table 3 - 17. 351K 20-BPh, =2 AR Q) LFEEAC).
Ru(1)-Ru(2)  2.7857(15) Ru(1)-Ru(3)  2.7784(14) Ru(2)-Ru(3)  3.7774(18)

Ru(1)-C(1) 2.144(5) Ru(1)-C(4) 2.096(5) Ru(2)-C(1) 2.362(5)
Ru(2)-C(2) 2.233(5) Ru(2)-C(3) 2.237(5) Ru(2)-C(4) 2.355(6)
Ru(3)-C(1) 2.271(5) Ru(3)-C(2) 2.206(5) Ru(3)-C(3) 2.262(5)
Ru(3)-Cd)  2.370(6) C(1)-CQ) 1.456(7) C(2)-C(3) 1.467(8)
C(3)-C(4) 1.456(7) C4)-C(5) 1.446(8) C(5)-C(6) 1.357(9)
C(6)-C(7) 1.429(10) C(N)-C®) 1.352(10) C(3)-C(8) 1.450(7)
C(1)-C(%) 1.481(7) Ru(1)-H(1) 1.74(7) Ru(2)-H(1) 1.73(7)
Ru(1)-H(2) 1.78(6) Ru(3)-HQ2) 1.63(6)

Ru(2)-Ru(1)-Ru(3) 85.51(3) Ru(1)-C(1)-C(2) 116.2(4)
C(1)-CQ)-C(3) 114.4(4) C(2)-C(3)-C(4) 113.7(4)
C(3)-C(4)-Ru(1) 118.2(4) C(@)-Ru(1)-C(1) 77.5(2)
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Table3-19.closo B A # 53 7 a2 7 D 4EEOERFEERE (EUIE A)

Complexes M-C, MLC, MC, C-C Ref
(Cp*Ru)(Cp*Ru-CHCMeCMeCHY(H) 2.06 2.31 220 146 1
(Cp*Ru),(Cp*Ru-CEtCHCHCH)(H) 2.06 232 219 145 1
(Cp*Ru)z(Cp*Ru~(CsH,) CHCHY(H) 2.06 2.36 222 148 4a
[{Cp*Ru)(Cp*Ru-CHCMeCHCH)(H),][PF¢] 2.10 2.30 221 145 1
[(Cp*Ru){Cp*Ru-CHCMeCMeCH)(H), ] [PF¢} 2,10 2.30 221 145 28
[(Cp*Ru)o(Cp*Ru-CH(CeH,)CH)Y(H), ] [BF,} (19-BE,) 2.10 2.31 224 146 ™=

Work

[(Cp*Ru),(Cp*Ru-(CeH,)CHCPh)(H),][BPhy] (20-BPhy) ~ 2.12 234 223 146 ™=

Work

(CpRu){Ru(CO)s-C(CF;)C(CF)C(COMe)C(COMe);  2.14 223 218 147 29

Rus(CO)s(-CPhCPhCPhCPh) 221 2.30 234 146 30
Rus(CO)s{-C'BuCHCBuC(CHCH'Bu)} 2.20 2.28 231 143 31
Ru;(CO)s(-CMeCPrCMeC’Pr) 218 227 233 144 32
Rus(CO)e{-CPhC-(1,1’-ferrocenyl)-CCPh} 222 2.30 233 145 33
Irs(COD)s(-CHCHCHCH)(H) 209 238 230 148 34
Fes(CO)s{-CEtCEtCHC(CH,NMeCH,Ph)} 205 212 216 144 35
Fe3(CO)s(-CPhCPhCPhCPh) 205 212 214 145 36
Fes(CO)s(-CFCHCHCF) 198 210 217 142 37
Fe;(CO)s(-CFCHCHCF) 198  2.09 220 144 37
Fe3(CO)s(-CFCFCMeCPh) 2.02 2.11 218 142 37
Fes(CO)s{-CMeC-(CH,NHCH,)-CCMe} 206 211 219 144 38
Fes(CO)s{-C(Ph)CINEL,)C(Ph)C(C,Ph)} 2.03 2.12 220 146 39
Fes(CO)s{-C(OEt)CMeCPhCPh} } 206 212 219 14 40
Fe;(CO)s{-CMeC(OEHC(SiMe;)C(SiMes)} 206 213 217 145 40
(Cp*HICI),(Cp*HFCI-C,H,)(CI), 230 248 238 145 41
Re,Fe(CO)of{-(CeH,)-CHCH} 2.02 2.35 235 147 42
WCp*{Re(CO)s}{-(CsHg)-CHCH}(CO)(H) 217 242%¢ 221%C 143 43
2.34%C  230%C
(Cp*HECI)(Cp*HFCI-CHCMeCMeCH)(C]), 234 242 2.45 - 44
M M-Cor

//3‘&“”"‘"‘

M C-+~m

N

M-C 2

® Adams, K. J.; Barker, J. J.; Knox, S. A. R;; Orpen, A. G. J. Chem. Soc., Dalton, Trans. 1996, 975-988.

30 Capparelli, M. V;; Sanctis, Y. D.; Arce, A. Acta Crystallogr: C 1995, 51, 1819-1822.

3! Sappa, E.; Sandfredi, A. M. M.; Tripicchio, A. Inorg. Chim. Acta 1980, 42, 255-261.

%2 Rosenberg, E.; Aime, S.; Milone, L.; Sappa, E.; Tripicchio, A.; Landfredi, A. M. M. J. Chem. Soc., Dalton, Trans.
1981, 2023-2028.

3 Onitsuka, K.; Miyaji, K.; Adachi, T.; Yoshida, T;Sonogashira, K. Chem. Lett. 1994, 2279-2282.

34 Muller, J.; Akhnoukh, T.; Pickardt, J.; Siewing, M.; Westphal, B. J. Organomet. Chem. 1993, 459, 325-333.
35 Calderon, R.; Vahrenkamp, H. J. Organomet. Chem. 1998, 555, 113-118.

3 Dodge, R. P; Schomaker, V. J. Organomet. Chem. 1965, 3, 274-284.

¥ Lentz, D.; Micheal-Schultz, H.; Reuter, M. Organometellics 1992, 11, 2916-2922.

 Gervasio, Giordano, R.; Sappa, E.; Costa, M.; Predieri, G; Tripicchio, A. J. Cluster Sei. 1993, 4, 3348,

* Daran, J. C.; Gilbert, E.; Gouygou, M.; Halut, S.; Heim, E.; Jeannin, Y. J. Cluster Sci. 1994, 5, 373-400,

© Nuel, D.; Dahan, F.; Mathieu, R. J. Am. Chem. Soc. 1985, 107, 1658-1664.
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EHRNT T IaRe P BRERTHEETH Y, 88K 19-BF 2B VTRV T T
ATND3AIIR B BRHPFER LTI . S84 20-BPhy IZB W Tit 2,3 ML RV ¥ UV BRAHE
RLULEBETHAZ LR L,

INEFTREHREENTWD, =B coso BAZ T /aRv P U BEOERBERL
Table 3 - 19 127~ L7z, $81K 19-BF, D Ru-C o fE& DHESEEBEDOFHI1E 2.10 A, Ru-C « FHEDFES
HEBED TR 228 ATH Y Zicloso BINT T a7 D VIR —RRETH o T2,
$544 20-BPhy ® Ru-C IS S EEBED =4% closo BILT 3 7 u Ry & Vx USRI — M 72 {E T
Holz,

R F A HEEEE 15a-BF, & 15f-BF, DB £ 2 B EBBUNIE, FHEDSEA 3a, 3f LB L
TEBITHEIT LT, AF A MEEE L TOBRERIS OHEERISH#EE % Scheme 3 -6 12”1
Tzo 851K 15¢-BF, DIREFZE 'H NMR JIEE L Y p-H & p-H B FOEOCZHREEEL, 4
15e-BF, & CO L DRUSIZ L > T NV FRALFOHBEL CO DEMZHER Lz, ZhbDRER
Mo, BFF USSR TIINEBRGIZ Lo T R Y FEALF25K%E & UCHBBE L, BEf R fafnfE
A A LT LR LD,

DR A DT NX VEMT A EERBRED DEBRICER L TPRIEB BERL, 2B/
A& ET C=C HBADYWRIERNEITT 5, 2D & 5 =Kk ETO T A% U ERALF DO EEhX
Shapley & Hoffmann SERHBEICIVHALMLICL TS, PEBIZ, B Ru-TAF Y Ve
& CIZBiTD RuHFEE~DTNAFX Y PUVENFOFBAL AN R AZMLE Lo T, FREE D
DERT S, PREDIZENT, BRERDPIFEIC L > TEDOHRDOKIGRENRER D, R=
H OFA1E C-CHEE DL L Ru-Ru fEEDBRZUC L > THE 19 BMERL, DPEBVWT ==
EOBET Cpri & OMERBIZL > T C-CHERDERBRFNC /2 B2, C-CPHEADER
& Ru-Ru #E& DOBREPHEIT U TEEHE 20 RERT D L& X Tz,

# Hessen, B.; Spek, A. L.; Teuben, J. H. Angew. Chem. Int. Ed. 1988, 27, 1058-1059.

4 Shaposhinikova, A. D.; Kamalov, G L.; Stanichenko, R. A.; Pasynskii, A. A.; Eremenko, I. L.; Nefedov, S. E.;
Struchkov, Y. T.; Yanovski, A. L. J. Organomet. Chem. 1991, 405, 111-120.

“ Peng, J.-J.; Horng, K.-M.;Cheng, P-S.; Chi, Y;; Pen, S.-M.; Lee, G-H. Organometellics 1994, 13,2365-2374.
* Visser, C.; Johannes, R.; Hende, V. D.; Meetsma, Hessen, B. Organometellics 2003, 22, 615-617.

4 Clauss,A. D.; Shapley, J. R.; Wiker, C. N.; Hoffmann, R. Organometallics 1984, 3, 619-623.
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15 (46¢e) B {44¢)
@ = RuCp*
"T' ‘ C-C triple bond
H R=H scission
H 1
- \(\:"é - c’-c? form. 7\ ortho-
& s metallation
\ / Ru-Ru cleav, (f e
ins.
19 (46¢) I —
+
H H R=Ph
& L] ——— D (48¢)
K Jé c'-c2 form.
N &
Ru-Ru cleav.
20 (46¢)

Scheme 3 - 6. $&1K 15 OB & B BHREMEIE DHEE RIS,

$E4E 1S6-BF, OB X A BREB/RIISEET £ PP T{TRoT & T A, 85K 20-BF, DL
FU FEFEAT T 7uXr VB Ro CM e CRHREZERESRY AEhE, ThT
D D ALRITH 40%, T0%, 70% T -, $EA 20-BF-d, ® ‘HNMR F+ — b % Figure 3-6 I
SR LTz, ZHEMBSUS IR B W TSR 156BF, O N FEALFLET & M OEKENZHL,
BAFEINEZE FU FERAEFHEBERIIGEOBRPTAT T 7aXvd P FRIZRD
RAERZLOTHD, ZORRPL L ERERIISEC LEFRD DFEHERETH Z LARENR
pral

*

Aeutontd,

Ru-i

]

T T ¥ v T
8 4 8 ‘ & bEm

 Figure 3 - 6. &/ 20-BFs-d, ® "HNMR ¥ — } (/ppm; ~7.35 Ru-H), 6.61 (C>-H), 8.31 (C*-H)).




382 7o MNALERFIR LE T VS VBN FOBRERR G

3-4-2, 1-7 = =41 71 BV BB U - R D INZUS

TNFVEMT EZAFNVEEZET A8 15e-BF, OMEIC & 5 BRERKGIT, $EEF
15a-BF, 085148 15f-BF, L B72 0 | AFAED CHERDOUN L C-CHAERPETL, VT2
M us1-7 = = N Y R F AR A [{Cp*Ru(p-H) }a(us->-PhCHCH)][BF,] (11-BF,) 34 L
72 (Eq. 3 - 15),

Me F‘lh —I BF P(I: —7 BF,
‘c—C.. H, .:?..S:.
IN [ “He % -
o R o ——— o R/i\—;R."-cv* Fa.3-15
H-\—Ru /H 160 °C H s Ry H
NS 4,
cprH cp
15e-BF, 11-BF4

S8R 3e D M B COBLEISIZ Ko THEEF 1-PF AR T 5 Z EBREIN T
% (Eq.3-16), "EhHE2EIE T, K 3e DV F L —F NHTOBILKIG T, hFA
M pe1-7 = =D A F BT Y VR [{Cp*Ru(u-H)}s(us-7-C(Ph)CHCH)] [PFe] (10-PF¢) ASAZER
L. S5EE 10-PR 12 512080 11-PRGICBRE NS = & #b~Tc, S5HK 150-BF, OMENC & 55
FEBFUS b 8515 3e DEMUEUG & D UG, T7/2 5 Scheme 3 -7 IR TR CTRIGA
EITTHLHELE, 2D, TAFVREORIZ CH &4 ET5858I101E. KEDB
BRI ko TERLIZREFY A ML o T g AERBESEITT 5720, TAFX VEBENFO C=C
FEEOUIWITETE T, I FA UM - b Y 2T AR EER 11-PFs BAER LTz,

+
Ph Ph —~
Me | (l: _‘ PFe
Ay DAY
c—/—C.\ [CpzFe][PFe] H‘Ci—'-’—-::fc Eq.3-16
’ . {2 equiv) // A
cp*-Ru\s | H=Ru- -Cpr ————» Cp* RUZ =} ~=Ru~Cp*
I M~ N~
o RUS—— 23 °C, toluene H—Ru-——H
H / /
cp* cp*
3e 11-PFg
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15e (46€) 1,2@.7%

Q=RuCp +
Ph + H '7h_|
d > Chc
""" e C-C form. H‘c/r
 A-H
H H
11 (46¢) 10 (46¢)

Scheme 3 - 7. $E4 11 DHE B LB,

3-4-3. T FNT B F L v BREAL U TR OB

BFHF AT 2=V T T U RO BREBRRIE TIX, C=C A DY &% T closo B
SNT I raRr g UV U ERREENE L BB LR, B Ry TR ) VLR

EEBETHIZLNTERDPo T, T, p-_v P ) PUVBMFOAN MLD CH FEEY)
WINBEZEZD72OTHDHEEBEZLND, TTAXVRBICHBELE CHES, Thbbp
KBEETHHEITIL CSC HEDUWBNEZ b7, pARHBEC L o TT L=V 8k 2 & T,
CNTFTT UNGEENEEBREND, CRps-TAX ) PUSBROBEEELZ BRI E LT, w7
FNT BT U UK 3¢ DINBZ & 2 B ERIUG 2 Hat Lz,

S5 3¢ 12 180 °C THIEA S B Z LIZ X o T C=C HEEDUIMIBHEIT L p-F AR F VD, pis-
AF VU VU EEE (Cp*Ru)s(us-Bu)(us-CH)(u-H) (21) BERK LTz (Eq. 3-17). S HIMEAE KT 3
LRV BEROEEPER LT, ZRDDERBDIZONTIIROETRARE, —FH, hF4v
PEGER 15¢-BF, TIL, 40 °C TRULBDEITL, A F AU o RARVF D DU, - A F Y D8
& [(Cp*Ru)s(us-"Bu)(us-CH)(u-H),][BF,] (22-BF,) B4 L7 (Eq. 3 - 18),

'Bu Bu
H | I
c,c
-Hz Eq. 3 = 17
Cp* R| i\= \Ru -Cp* ————» Cp* Ru— ——Ru Cp*
Ru— 180 °C u—
H™ H ] VAYVS
Ccp* CP*?
H
3c 21
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-] + 4 +
w1 e B Ten
c7c‘ H c
corrl ? Eq.3-18
p* Ru‘ N Ru Ccp* ——» Cp* Rlu< 7Ru Cp*
/ a0°c H=—Ru WL
A\ /\
cﬁ*H ofr¢
H
15¢-BF, 22-BF,

S5 21T ' HNMR 7 —F & THEATICE SO TRE Lz, #8821 O 'HNMR ¥ — % % Table 3
-20 (2R LTz, 861621 B FRICEERNHEE T HEEEL®FD, £ NI FRALFOV T
5-3.83ppm IZHIE AN, Cp*EDT 7TV 61.64 ppm & §2.09 ppm IZBEENTz, ps-AF Y
DUEBMF DT FNIT 51595 ppm B SN, THIE up- ATV PUEBMNF D I AN T
Me LT—HBRETH o2,

Table 3 —20. $54521 ® 'HNMR 5 —# (/ppm).

Ru-H CME5 ,u3-CH tBu
-3.83 1.64 (30 H), 2.09 (15H) 15.95 0.89

BEIK 21 D R LT LIR30 °C THHET 3 = 10 ko THH L7 BABE TR S 2 AT
BfEd X SIS ERAT 21T RV T O TSR HER Uiz, 851K 21 05 711 % Figure3 -7 12,
EREAERBIUEESASL Table 3 - 21 R UL, 2ARVTF Y DUBRLF & AF V) DU EAF

‘ O 1 Oem C(Z"

£
O (1) /C (10\) (16) (CQS)
Q o .
OQ:

SN0

S 7)Yy ( Z
Ru(2) (20}

c(22)

_v 3 . J [c(s)
"‘\ ‘ <8 cua 1 cih
@
) Hi2) ' ‘
C(23)

Figure 3 - 7. $514 21 Dy FREE ERBIRMEKIL 40% O EFETREFLE).
Table 3 - 21. $5621 DELFEEE R) LHEEE ©O).

Ru()-Ru2) 2.7216(8) Ru(2)-Ru(2#)  2.5780 Ru(1)-C(1)  1.961(8)
Ru(2)-C(1)  2.147(6) Ru(1)-C(5) 1.944(7) Ru(2)-C(5)  2.055(6)
CQ)-CB3)  1.538(12) C(2)-C(4) 1.533(8) Ru(2)-H(1)  1.68(7)

Ru(2)-Ru(1)-Ru(2#)  56.538 Ru(l)-Ru(2)-Ru(2¥) 61.731 Ru(1)-C(1)-Ru(2)  82.8(2)
Ru(2)-C(1)-Ru@#)  73.8(2) Ru(1)-C(5)-Ru(2) 8573) Ru(2)-C(5)-Ru2#) 77.73)

Ru(1)-Ru(2)-Ru@#)-H(1)  179.06
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MZBNT =0 AFEOFRICEN L EETHDE I L 2HR LI, ZEFEEE E ) REMT
DT AEITIZE 180 °C THY, ZODOAF=Uhbt FU FEMFIIE—FEENICHEELT
W5,

INEFTEREINTND ZBE R u-TAF Y VRO ER-a REMESEML Table 3

Table 3 - 22. E'R p5-7 /L U D UKD M-C* ks S FEERE CEE, A)

Complexes M-C* Ref,
1. [Mos(OAc):;(H,0O)s(us-CMe), }{SbF¢] 2.06 46
2. Fe3(CO)9(,u3-CF)2 1.92 47
3. Fes(CO)s(PMes)(us-CF), 191 48
4. Fes(CO)o(u3-CMe)(13-COMe) 1.94 49
5. Fes(CO)o(us-COMe)(us-COMe) 1.96 50
6. Fe3(CO)9(/l3-CC()2Me)(/l3-CH) 1.93 51
7. Fe3(CO)o{us-C-(C=C)-Fp*}, (Fp* = Fe(Cp*)(CO),) 1.96 52
8. FC3(CO)9{ ,u3-C-(CEC)2-RuCp(Ph3)2 }2 1.98 53
9.  (Cp*Ru)s(us-C'Bu)(u-CH)(u-H)) (21) 2.03 This Work
10.  Os3(CO)s(u3-CPh)(us-COMe) 2.10 54
11.  Os3(CO)s(i'-C(OMe)Ph)(u3-CPh)(us-COMe) 2.11 55
12.  CpFe(CO)3(CpCo)2(us-CPh) 1.97 56
13.  (CpCo)s(us-CMe), 1.85 57
14. (CpCo)s(us-CPh), 1.86 58
15.  [(CpCo)s(us-CPh),][Cl10,] 1.89 58
16. [(CpCo)s(u-Cl)(us-CPh),][PF¢] 1.91 59
17.  [(CpCo)s(u-Br)(us-CPh),][SbF] 1.89 59
18.  [(CpCo)s(u-T)(us-CPh),][SbF] 1.90 59
19. (CP*CO)3(/I3-CMC)2 1.87 60
20. (CpCo)s(us-COOMe), 1.86 61
21. (Cp*Rh);(us-CH), 2.23 62
22. (CpRh)s(us-CPh), 1.99 63
23. (CpRh)(CpCo)(u3-CPh), 1.94 63
24. (CpRh)(CpCo),(13-CPh), 1,91 63

4 (a) Bino, A.; Cotton, F. A ; Dori, Z. J. Am. Chem. Soc. 1981, 103, 243-244. (b) Ardon, M_; Bino, A.; Cotton, F. A.;
Dori, Z.; Kaftory, M. Inorg. Chem. 1981, 20, 4083-4090.

“T Lentz, D., Brudgam, L; Hartl, H. Angew. Chem. Int. Ed. 1985, 24, 119-120.

® Lentz, D.; Michael, H. Z. Anorg. Allg. Chem. 1992, 618, 111-120.

i Wong, W.-K.; Chiu, K. W.; Wilkinson, G;; Gaias, A. M. R.; Thomtom-Pett, M.; Hursthouse, M. B. J. Chem. Soc.,
Dalton, Trans. 1983, 1557-1563.

% Aradi, A. A.; Grevels, F.-W.; Kruger, C.; Raabe, E Organometallic 1988, 7, 812-818.

3! Lentz, D.; Michael, H. Chem. Ber: 1990, 123, 1481-1483.

2 Akita, M.; Sakurai, A.; Moro-oka, Y. Chem. Commun. 1999, 101-102.

% Bruce, M. I; Kelly, B. D.; Skelton, B. W.; White, A. H. J. Organomet. Chem. 2000, 604, 150-156.

* Yeh, W.-Y;; Shapley, I. R.; Zlller, J. W; Churchil, M. R. Organometallic 1986, 5, 1757-1763.

% Yeh, W.-Y.; Wilson, S. R.; Shapley, J. RJ. Organomet. Chem. 1989, 371, 257-267.

% Freeland, B. H.; Payne, N. C.; Stalteri, M. A.; Van Leeuween, H. Acta Crystallogr., C 1983, 39,1533-1535.
57 Wadepohl, H.., Pritzkow, H. Polyhedron 1989, 8, 1939-1944,

*® Ebihara, M.; Tiba, M.; Minami, H.; Kawamura, T. Inorg. Chim. Acta 2004, 357, 533-540.

% Ebihara, M.; Iiba, M.; Matsuoka, H.; Kawamura, T. Inorg. Chim. Acta 2004, 357, 1236-1242.

60 (a) Pardy, R. B. A; Smith, G W.; Vickers, M. E. J, Organomet. Chem. 1983, 252, 341-346. (b)Casey, C. P;
Widenhoefer, R. A.; Hallenbeck, S. L.; Hyashi, R. K.; Powell, D. R.; Smith, G. W. Organometallic 1994, 13,
1521-1607.

S' O'Connor, J. M.; Bunker, K. D. J. Organomet. Chem. 2003, 671, 1-7.

2 Miguel, A. V; Isobe, K.; Balley, P. M.; Meanwell, N. J. Organometallic 1982, 1, 1604-1607.
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-22 WWRLT, M-C'HESERIEBRET L RRFRFOEF/BGEROMITITE LIVMESL 2
STED, ¥ K2 IOV THEKETH o/, BEE X BRIEEMEITIC L v BERER ST
BHDD5%, THx Yy CeCHREADUINIZ L > TAEMRT S HDILNo0. 7,820 DATHH . L
LEBEOT X U EEE R ETHEOR O TAF L THSER L ORIGICE D AERT B HD
Thb, =% 5K 21 1L, ZEEERICEM L7 S UBRAFO C=C fE DTN & - TER
L72 B R T N U O U 85K % Bl G X BREEMATIC L o THER LD TOBITH 5,

$EIK 21 DERIZHES TKFESF (0 4.65 ppm) DBEEET S Z 2% 'H NMR IZ L > THERR LT
Eq.3-17), ZOFERIL, KRBT 2= VEEFLRWTAX VBT 28T 28EEOBEERE
BOSE, & B Y FEANLF OBBEC & o TER LR RS E ETo C=C & DO &
S>THEITTDHZEERLTNS,

&1 22-BF, /X 'H NMR 7 —# B LUV °C NMR ¥ —FIZESWCRIE L H NMR 7 — 4 83
ZUPCNMR 5 —# & FNE Table 3 -23 & Table 3 - 24 (/R L7z, 851K 22-BF, i35 FHIC
EENHERELTE b, BFY NEEALF DT 7 FiL 6 —4.90 ppm (CEMIZBE S, CpxED
AFATa DV TFNIES156ppm & 5213 ppm 2 1:2 THESIZ, =R ARV F YD
VEALTF D UUARRRIL 6 427.5 ppm BB S, pa- A TV D UBENLF D7 F AL 'THNMR Tt
817.33 ppm {2, *CNMR TiZ 6 381.6 ppm (Z 166.7Hz D v 7V o %4> T doublet THIE &
iz, ZTUHDEIE, ST TRBEINTHD g3-TAX ) VVEBENFOTFrI AN T M LT
T—BHARETH S (Table 3 -3),

$EA 15¢-BF, DNV X5 BHREBRKICERTTT D L2 8 A F A EEE ETide FY
FEEALFBREBICKFEE L THBET S Z LI2& o TT Xy CECEANUINI SN D Z & ZHER
L7z,

Table 3 - 23. $&{4 22-BF, ®» 'HNMR 5 — % (&/ppm).

Ru-H C5M€5 ,ll3-CH 'Bu
~4.90 1.56 (15 H), 2.13 (30H) 17.33 0.54

Table 3 - 24. $54K 22-BF, D72 PCNMR 5 — % (6/ppm).

CsMes /13~C1B11 ,tlg,—CI‘I (J C-H)
92.4,103.9 427.5 381.6 (166.7 Hz)

%3 Ebihara, M.; liba, M.; Higashi, N.; Tsuzaki, T.; Kawamura, T. Polyhedron 2003, 22, 3413-3422.
% Emsley, J. The Elements 3rded.; Oxford Umversﬁy Press, New York, 1998.
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EIE o FALEFIE LT AR VEMF OB EREIS

3-4-4. - TFNT BT U 5K 3¢ OB REBRRIEDE DEDERY

SEIK 3¢ DT N X UEALF O BEEBRIIGIE, pa-R AR F VD0 up- ATV DA 21 hi 4
BUTR, & DICERERKIGHEIT L (Bq.3-19) m@-i-7BELTEF LY - A F Y
R (Cp*Ru)s(us-7°(/)-"PrCCH) (us-CHY(u-H), (23). ws(L)-i-7BENTEF LY, gy A F Y D0
galk (Cp*Ru)s(us-7*: 77(L)-PrCCHY(us-CH) (24). ps2-A FNAT 02U F U, pa()-=F ik
(Cp*Ru)s(s-n*-C=C(Me)Me)(us-1*(/)-HCCH)(u-H) (25). ps-1,2-P AF NI AZ 0T Vb, ys= A F Y
T 8RR (Cp*Ru)s(us-1-C(Me)C(Me) CH)(us-CHY(u-H) (26) NEWRENZAERK Uiz, RIS DRIFEAL,
% Figure 3 - 8 178 L7c, 881K 3¢ 23 UCHEMR 21 DVERR L. S DI E D% 23, 24, 25,
26 BIREICER T HFTFHBES T,

tBu tBu H
H\c,cl l é /iPr
PP =
A TN .
Cp*-Ru=\~- Ru-Cp* —» Cp*-Ru—|——Ru-Cp* —» Cp*-Ru—I—‘Ru-Cp*
, \Ru{/ 180 °C \§Ru/—/ll-| 180°C AN
H=y o pAS A
cp* cp§ cpr €
" H H
3c 21 23
i Me M.
H Tr L . Me WL
‘c—¢ £ TZN Lm
—— . e
-H2 INTN ¢ ™. [ 28 Eq.3-19
—— Cp* Ru—\- —Ru-Cp* ——3 cp* u_‘_’ -cpr ——> CP*-'Rui—- ~=Ru~Cp*
180°C \Ru 180 °C - 180°C  H—= ~7
P ZJd.c Al
cp* ¢ Cp*'c7 W CP"\cl:
H H H
24 25 26

100

Distribution%
Distribution%

0 100 200 300 400
Time/h Time/h

Figure 3 - 8. $5{& 3¢ O 180 °C TOMBSUIL DRIFE (&, RIGEIED D 16 Ff% £ TOREF
Bk, &, KGR b 349 BRI £ TOREZLL).

$EAR 23 X 'HNMR 7 — Z IZEDSWTHEE Lz, $84823 07 'HNMR 5 — & % Table 3 -25
IR L, B FU FERMFDOS 7 FiE 6 -22.42 ppm & 5 -16.02 ppm iIZ T a— K7 Fn b L
TL1: 1 CBEINT/, e Cp*EDT 7T ViLd1.79ppm & 6188 ppm 2 1:2 THEE S, 51.88
ppm DL T FAETo— NICBEShE, ZO/BR, HFNTOBMESNRBINE, Th
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Table 3 - 25, $&/K 23 ® 'THNMR 5 —# (23 °C, d/ppm).
Ru-H Csies us(L)-"PrCCH u5-CH
—22.42 (br), —16.02 (br) 1.79 (15 H), 1.88 (br, 30H) 8.20 15.95

R ABRRILARREEF2ET wih-=F v, - F ) PR (Cp*Ru)s-
(us-7A(UN-HCCH) (u-CMe)(u-H), DENIREI B ETZ 'H NMR 2 Lo T STV, 2
-35°C /b 30 °C DPEHFE TIZ = o0t FU FEMFOIA MREBPBRESh, SHIZFRT
B LT FVENTFWN pivot-motion TEBRPLEEZBET S Z EBALNIEN TS, #HiF 23
HEEAEE T AR VBRMF L E R FEAFASTFRATEBEIL TS LBAOND,

BEIR 23 DL F YRR E 23 °C THET S Z LIT X » THTH LcMBaRIER 2 AW TH
R X BEEMRITEATRV. TOSTHEETER Lz, #8523 05 7HE% Figure3-9 12,
EREEELEAAL Table3-26 [IRLK,

Figare 3-9. $51K 23 O FH#E ERBRMIEIL30% OEFRTRFLE).

Table 3 - 26, $51K23 OXLFEAEE Q) LEAA (O

Ru(1)-Ru(2) 2.7156(9) Ru(2)-Ru(3) 2.7483(9) Ru(1)-Ru(3) 2.7282(9)
Ru(1)-C(1) 2.001(8) Ru(2)-C(1) 2.031(7) Ru(3)-C(1) 1.973¢8)
Ru(1)-C(2) 2.196(10) Ru(1)-C(3) 2.103(12) Ru(2)-C(2) 2.238(10)
Ru(3)-C(3) 2.020(13) C2)-C3) 1.442(16) C(2)-C(4) 1.510(15)
CH)-C(5) 1.431(17) C(4)-C(6) 1.493(18) Ru(1)-H(2) 1.53
Ru(3)-H(2) 1.56 Ru(2)-H(1) 1.68 Ru(3)-H(1) 1.52
C(H-H3) 0.891(8) C(3)-H4) 1.233(12) C4)-H() 1.226(18)
Ru(1)-Ru(2)-Ru(3) 59.91(2) Ru(2)-Ru(3)-Ru(1) 59.45(2)
Ru(3)-Ru(1)-Ru(2) 60.64(2) Ru(2)-C(2)-C(3) 103.3(7)
Ru(2)-C(2)-C(4) 136.1(10) C(3)-C2)-C@) 119.9(11)
Ru(D-Ru(D)-Ru(3)-C3)  52.3(3) Ru(3)-C(3)-C(2)-C(4) 167.5(10)
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Table 3 -27. ZBINT =0 b u()-T ¥V, u-A T U P VEBROEREER A)

Complexes C=C___ M-C*(alkylidyne),, Ref.
1. (Cp*Rws(us-" “()-HCCH)(u5-CMe)(u-H), 1.30 2.03 12
2. (Cp*Ru)s(us° _UN-HCCCOOMe)(us-CH)(u-H)> 1.36 1.99 6
3. (Cp*Ru)s(us#? “(N-PhCCH)(u3-CH)(u-H), 1.45 2.03 6
4. (Cp*Ru)s(us-n* *(N-CsHe)(us-CH)(u-H), 1.33 2.01 65
5. (Cp*Ru)s(us-#* “(/) HCCH)(u5-CH)(u-CO) 1.42 2.01 6
6. (Cp*Ru)acus-f? (/)-CsHg)(u3-CH)Y(u-H)2 1.42 1.99 7
7. (Cp*Ru)s(us- “UN-PhCCMe)(us-CH) (u-H), 1.40 2.00 66
8. (Cp*Ru)s(us-7°(//)-"PrCCH)(us-CH)(u-H), (23) 1.44 2.00 This work

SR 231, TR L -7 u AT F L VBT & - A F ) P UENTFEE TS, Zh
ETIRMESINTWS, ZBAT UL p(D-TVF Y, =7 VF ) Vo8R0 EREERS
Table 3 - 27 1R L7c, 888 23 D7 %V RIRMEEREE 140206 A THY | ZhETRHESH
TWD us()-T 3% EEIEDIE (1.33 ~ 1.53 A) OFEFHRNTh o7, W7 =T LTAX Y DUk
RUMBEBEOTHIT200 ATHY I ECREE SN CVBELIZERL ThoT (Table 3-27),
Ru(3)-C(3) BEBEL Hh#E L C, Ru(2)-C(2) BEEEIMN02A B< o T, ZhixhEEmW -7
ke Cpr b DIBRBEOEETHLLEZLND,

SEIA 23 DHEEEREES Scheme 3 -8 (IR LTz, 7 FAEN T EALECERIRTH
BT EMPD, prRARVF YV UBNFO pIRBGBENEIT LTS Z EREB I, 5
21 ETOBREBBEC & > T ps2,2-V AFN-E= U F 0, AFEER A BERT B, Z D8k
Ecoe FY FEMTFOBAL CHRBEDOUIMIZ L > T ps-2-AFA-Ta Y D, p-AF I
VEEEBBERL., T AF Y VUVENTFE g AF VD VEBNFON T T LV EEE23
WNAERT S LHE LTz, Shapley X, -7 AX Y DV, u- A F U P UEEIR & (-7 V5% 850
DOFHHRHEEEREZRELTRY (Bq.3-20), ¥ ZhiL Scheme3 -8 IR Lg% XRFT
B5H0DThH5H,

Tol Toil
| ; Tol
/C _co +2C0 Cx [
{OC)?,OS\ /w\,Cp - (ochos\ / /W(cmz Fq. 3-20
0G‘,w\——c..m -2c0 wico), ©P
Cp CP

§
H
21 (@= RuCp*)

Scheme 3 - 8. $8/K 23 DA FE.

8 Takemori, Y.; Inagaki, A.; Suzuki, H. J. Am. Chem. Soc. 2001, 123, 1762-1763.
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Table 3 - 30. $£/4 24 ® '"HNMR 5 — & (23 °C, d/ppm).
CsMes "PrCCH us-CH Me,HC- Me,HC-
1.69 (br, 30 H), 1.83 (br, 15H) 11.23 16.58 0.69 (d) 3.03 (quintet)

Table 3 -29. $&1K 24 D X7z P*CNMR F—# (23 °C, d/ppm).
CsMes 45(1)-PrCCH Ucn) 43(L)-PrCCH #3-CH Uen)
93.3, 90.5 206.1 (179.2 Hz) No data 346.6 (153.4 Hz)

$E4K 24 X 'TH NMR, °C NMR 57— IZESWTRIE LTz, $414524 O 'H NMR F—F B LW
BCNMR 7 —# &% FH Table3-30 & Table3 -29 1275 L7z, Cp*H D 2" FL1id 6 1.69 ppm
L6183 ppm 27— R ZF AL LT2: 1 CEERIRE, ZOBEPL, HFATOEHRZEE
BOFENTR SN, TRETICREZINTND, ZBAT =T L is(L)-TAF 2, - AFY
DUEROER THNMR 7—# & PCNMR 7 —# % Table 3 -28 |27 L7z, &4k 24 LRI Z
NoDEERTHLENESHOFENTREIN TS, C 7% EAFNEEEMETHY
(LT NF L EEE3 LETFRENRL 46 ETEEETHDH Z L0 88163 LEKRIZEET O L%
TV EALF IS switchback motion # L TCWB EE X BND,

Table 3 -28. =#NNT =T b us(L)-TIF L, us- A F V) DU 8RO ER NMR 5 — % (6/ppm).

Complexes "H NMR *C NMR Ref.
-CCH  u3-CH Alkyne 13-C*
inner outer Ven)
Wex)
(Cp*Ru);(PhCCMe)(1>-CH) n 1728 1089  223.6 348.8 66
(153. 3 Hz)
(Cp*Ru)s(2-naphtyl-CCMe)(u5-CH) - 1737 1080  223.1 348.3 68
(152.1 Hz)
(Cp*Ru);(PhCCH)(45-CH)* 1085 1721 1038 2180 3485 68
0 0
(Cp*Ru)s(PhCCPh)(5-CH)® . 1708 1010 2107 3472 68
' (156.0 Hz)
(Cp*Ru)3(1PrCCH)(/l3-CH) (24) 11.23 16.58 No 206.1 346.6 This

data  (1792Hz) (153.4Hz) WOk

a)-70°C DT —#.b)—-80°C DT —4#.
SEIR 24 DT NHX VBN F AF U AKED T T F I 61123 ppm BB S, Z DT VX U RE
DY TFTNEIKRBLD17192Hz DA v TV 7% 5T §206.1 ppm |2 doublet TEEEE LTz,
SEIK 24 DAF Y DUEMF DL T F L PC NMR F—# Tit 6 16.58 ppm IZBIE S h, BC
NMR 7 — & TIE 6 346.6 ppm iZ/KFE & D 153.4 Hz D 7V v 7 %o T doublet CBEENTZ,
GEER 24 D M= VPR E-30°C THET D Z LI Lo T L RBERREREZ AV TH

6 SFR B, FALERIC, BURTEAF(2006).
7 Chi, Y.; Shapley, J. R. Organometallics 1985, 4, 1900-1901.
B Ry HE, BELWIL TR ITERF2007).
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ER X BRSEEAT R 1T ., FOSTFREERHER L, 85624 O FiEE% Figure 3-10 {2,
ERESELESAY Table3-31 TR L, TRETCRBE IR TVA  ZBAT =7 4 u(L)-
TR, A F U DR EREARES Table3-32 IZRLT,

e €50 .
Ci8) !..D O H(3) 1N “‘(.\
. ‘ am O .‘:\ -
S N
H 03 & / c 2 %! C48} O ;.;‘3
O ’ o
/ “\wl cm) c44) /]
.‘ cm; Rﬁm gi c{s#; css; o '.
2 28 ¢ f:«s) AN\
. cn) ‘%ﬁ."ﬁ\' ¢ m Rzt 4 \ u(2)(‘\ /
C(20) W & < /,

««..S"; .";\ Hﬂ) o9 . % <(3) X o A

TR ‘ (12 i > . (10) % n\ H{2) Al £
(7Ol ™ @)

) i cu? \ i\‘ /

conf, ) O o8 (O

Flgure 3-10. 81k 24 D5 FHEE BURBIEMEIL30% OEFRTRITLL).

Table 3-31. 85624 ODERFEAE Q) LHEAE O

Ru(1)-Ru2)  2.6885(7) Ru(2)-Ru(2#)  2.6697(7) Ru(1)-C(1) 1.967(8)
Ru(2)-C(1) 2.009(7) Ru(1)-C(2) 2.093(8) Ru(2)-C(2) 2.232(7)
Ru(2)-C(3) 1.990(7) CQ)-CR3) 1.438(12) CQ)-C(4) 1.535(14)
C4)-C5) 151231 C(D-H() 0.99(4) CR)-H@) 0.88(4)
C@-HQ) 1.000(8)
Ru(1)-Ru(2)-Ru(2#) 60.23(2) Ru(2)-Ru(1)-Ru(2#) 59.54(2)
C(3)-C(2)-C(4) 116.8(5)
Table 3 -32, AT =7 b us(L)-TAF 2, 4= A F U DU RO EREEE (A)
Complexes Cc=C M-C*(alkylidyne),, Ref.
1. (Cp*Ru)s(s(L}-PhCCMe)(us-CH) 1.47 1.99 66
2. (Cp*Ru)s(us(L)-CsHsFCCMe)(us-CH) 1.47 1.99 68
3. (Cp*Ru)s(us(L)-2-naphtyl-CCMe)(u3-CH) 1.45 2.00 68
4. (Cp*Ru)s(s-(L)-PrCCH)(us-CH) (24) 1.44 1.99 This work

GBI 24 IXEEEM L - O AT EF L UBNT & p- A TV VBT EE T HEETH
B L FHER LT, TAFVIREMERT 1438120 A, VT =0 L-AF U Vv o REMERE
1.9ATHY, ThECRBEIR TV ZBVT =7 b uy(L)-T AR, u- A F U DUk
E&2ER LETh o7,

FRIE p(N-1-7 == N-1-TBEY, p- AF Y DK (Cp¥Ru)s(us7 (//)-PhCCMe)(u3-CH)-
(), OIEAFS T, KRS FIBEEL T m(L)-1-7 = =A1-TREY, g A F U DL 8klk
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(Cp*Ru)3(u3(L)-PhCCMe)(us-CH) DBAERRT B Z & 2HMEL TV 5, 881k 24 HLREEIC, #8523
De FY FRMFPKBGFLE LTHRBETAZ LICL>TERLEZEEZBND,

M Ph
i € S Me |
= —C
= C‘\ =-H, I /
Cp*-RuT— ’\¢R“‘CP" — Cp* Ru’-\- ——Ru-Cp* Eq.3-21
R H, 120°c \Ru/
) Al
Cp* Cp* ?
H H

$EK 25 12 'THNMR 7 —Z [ & SWCREE Lz, 884K 25 O 'THNMR 5 — 4 % Table 3 -33 1278
L7z, & FY FEARLF DT 7Tt 62829 ppm ICBIE X, Cp*ED T 7 F 1L 6 1.45ppm, 6
1.87ppm & §1.95ppm {2 1:1:1 TEEI N, CprED 2D 7 /v (6 1.45 ppm, 5 1.95 ppm)
& w(h-=F VAT DT 7T (5 8.11 ppm, & 8.88 ppm) BT r— FIZBERINEZ &by
FRNTOBRZEBIOEENTR SN,

Table 3 - 33. 54525  '"HNMR 7 —# (23 °C, d/ppm).

Ru-H CsMes 15(/))-HCCH
2829 1.45 (br), 1.87, 1.95 (br) 8.11 (br), 8.88 (br)

S DB A TN T 5 BT B 4t
=V T v, wlh)-=F 8K (Cp*Ru);-
(4s-COHy) (s (1) HCCH) (u-H) O iy = Co” =
)5 BT OB TR TE H

NMRFIEIZ £ 2T, FILICENTV D, gcheme 3-9. B2V F VRN ORI HAE 2
223°C 2B} B Cp*ED Y 7 FViE, 6144 ppm, 6183 ppm & 51.88ppm i 1:1: 1 TH S
Y7y e UTBESI, u()-=F VBALFDOY it 6825 ppm & 69.18 ppm IZBE N
WZ24Hz DAy 7Y T o TBESND, FIRTH LoD CprED Y 7V (51.44 ppm,
1.88ppm) & =FUVEMFDO T FANRTa— RIZREE, =) F VBEMNTFO YT FITEAL
LARWZ L5 5, Scheme3-9 Dk 5 AMUETY =1 FUERMTABET 5, 85625 Tikr =
V7 VBN F EEZODAFANEEBETHZ Lnb, Cpri b OMERFIZL > T 23 °Cizv
THhbIDEIBREMNFOREBEZ > TWND LB DLND,

FRRZRER TH D, S5k 25 D4 THEE % B & X BEEMATIC X o THERR L7, 8814 26
D M R E-30 °C THETAZ LI2d o> THH LAERBERRESRZ AV T, B X
BIEERRAT 1T o Tz, 8516 25 D4 FHEE % Figure 3 - 11 127 R L7, 85K 25 II=KEEmOH
BN p3-2,2-P AFNAE =D FUEMNFEAE L, b ) —FOEIZ p()-=F B FE2ET DK
ThHdDZ EBahs,
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Figure 3 - 11. $8/K 25 O TEE (TROULER).

GEIK 25 DWEBRERIEES Scheme 3-10 ZRLE, Br B m)-7==ATEF LY, ge- A
F U DU (Cp*Ru)s(us 7 -(L)-PhCCHY(us-CH) DA F Y DU kB E T AF VEBRAFDAF
VKR EDORBE A EATBBERICL > THR L TEY  RuRuEEORRIC L o> TERT
-7 YNHEEERETAEECRBT D EHEELTWVD (Bq 3-22). * ZOBEND,
$EMR 20 DAERIZBW TS FRRIC Po-7 U VHRHE A 2T 5 LHEE L. 856 A ETO C-C
FEE DU & Ru-RuEEDFR/EC Lo THEEB BER L, p32-AF T Y DUENLTFO
BREBBEC L VEEF B BRERTH EEZELZBNS,

Ph Ph N
LN P i
C- C
S
ol P N/ N Eq. 3-22
P’ -Ru—-\- 7RU'CP o PH_% - /RU'CP et O 'Ru<- —;Ru-Cp* q. 9~
\/R:I xu/ Ru\/
[o! *\? Cp? c—:C\ Cp*
H H oM

C 7
C
I
H

24 = RuCp®)

Scheme 3 - 10, $5/K 25 DOHEE £ REE.

SEAR 26 1T 'THNMR 77— Z ILESWTHE L, B FU FERAFO 27 F 0% 6-23.31 ppm 12
HEIh, CpHEDOT T FNIE6160,1.74, 1. 79ppm 12 1:1:1 TEEIN:, - A F VDU EAL
FOLTF AL 1638 ppm, s A F 0T Y NVEML T O A F kKX 5822 ppm IZBIEE iz,
FEHE I nido BIN-T T3 7 oy Z VU EEK {Cp*Ru(u-H)}s(CMe=CMeCH=CH) (12a) MANEAIZ
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L DBREBISIZ L > THE 26 BAERTH Z L EMELTBY (Eq 3 -23). "%DHNMR
—FEB5EIZ LT,

Me

_‘ ﬁ __ !
l H‘c’c\ Me
AR [ E
C / c-Me B Cp*-Ru-—-—-/—‘Ru—Cp*
\ I\

R Ru 170 °c H’*?Ru/ Eq.3-23
PA
Pe
H

21

SEUR 25 7> D 8B 26 DAERRMEIL L < o TORWVR, ZE TOMRIZE W TERD HER

ENTVWBEEEEBEZIZLT Scheme 3 - 11 DX I ICHEAITT D LHEE LIz, us2- A F -7 ¥

=Y OUBNLTFNR pa(N2-T F VBN TFICEL L RIS, IRB-RBERE S OER L &R-&B M

HEDREZIC L > Tcoso BINT T 7 u Ry Z D UEEERMNER L, REB-REMHBEORE L
CRB-SRRABEOBEL VIR BERLLLBZLND,

Mle, Me -vinylidene Me C-C form. C-C cleav. l\;le
/l(c to Me ! & Me & H\ C
c ™., #y-alkyne ‘c4c Ru-Ru cleav. . (‘.; Ru-Ru form. c/\\c/ Me
% » - (k— —_— @\ Z % B S
A - B \ ~Zr =
H ‘.“ H u‘. gc/ H
‘C;c‘ ‘c; C‘ Ic N \
W HE R ¢
H
25 (= RuCp*) 26

Scheme 3 - 11. $81& 26 DHEE LR,

B5E KR L DORIG

BIETEPATTLRVFE R FEER1 LESEDOT VYV & ORIG T ATV B
BTHG L RROBRERHE 5 RAT W 2 B AMBUS 2R VKT Z LI & » TBNENIIRE
R closo BNT T aXr Z U K2 NEEERD L LTERT D Z L2, T72b
b, KEORBEZHIRT 2 Z LI &> T, RAUKREN T OBREREa L fa— L TERZ L
P ESND, 22T, ms(L)-TAF U8RI N T4 M us(L)-7 VS V85K 15 L kTR E DK
RERF L, 2D OSROKFILEIG TR, £ FY F7 728 —DFAE L RILKFRADERL
BB EN, 77 A —ERVIEMERIGZ#EHT 5 ETEETH D,

gafk3a & 1 atm DKFE L DRUSIE 70 °C THEAT L. TAF EALFH3 B L TE8K 1 N E4AE
L7z (Bq.3-24), ' RIGOFHDERETIIAF L Lo FASRVEURERINZN, ZF L
FEBEIZIET R T F AR B UCkFRLENE, —FH, RETVF 2R IR
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3e & 3 TIXE VB LWEMA (Satm, 170°C) BUETH o7z (EBq. 3-25), » ¥ F7z, RIET7T L%+
VEENFIZET 8K 3a LRRY, TAS= AU B ORBIIBE SRR o, BLW
BIGEHETH B DI —BHBE L 2 T A = VR BDKRBIEDEIT LI b DD, BB WT
I TARF—=ETTNAINR B ANCETREIEENZ b ONIHFATIEIRATD S, ZOXNET
w%y&W%Tw%Vawmﬁmﬁm@ﬁm%@*w:owfﬂ FHAETEETS,

C/C ‘\
H, (1 atm) / \ Ea.3-24
cp* Ru'- = Ru cp* ——> | q.

/U—H

3a

Ph

R |
c,-c

\I H2(5atm) I/]‘il

Cp*-Ru=\~- éRu ~C,

| Sk —— j—\l{\ /}j Eq.3-25
= <

Cp*

3e; R= Me
3f; R=Ph

AT F M py(L)-7 = =NVT ' F LR 15a-BF, DK & O RUSIEPHESEE X v IR %
HTHEIT L. (Eq. 3-26), 1atm DKBRFHAK T, 23°C TRIGEZEDZ LI o TIRIEEEN
WCAF A AT E RY FEE [{Cp*Ru(p-H),}3][BF4] (27-BF,) HAERL LTz, eSS 3a & [
BRIZ, BUSOFHBRBE TIIAF L Lo F AN B U ORBERBE S NN, RF L RS
CZFARBACKRILS NI, 54K 27-BF, i ' HNMR 7 —F [ZESOWCRELE, B FY
FEALF D 7 F N iT 6-11.09 ppm I EMIZEZR S, Cp*ED Y 7 F T 62.01 ppm IZEfHIZ
BEINT, 8B 2T-BRIIEE 1 LT IR UBEDRIGICL > TERT S Z L23H
HEENTBY, " 207 —F2BEIZ L,

+
H c,:h —l BFy ) ; z —I BF
—l H2(1 atm) / \ é é Eq.3-26
Cp* Ru\- // 'u cp*

p
15a-BF4 27-BF4 (quant.)

D7 2 = VT BF U BNENL LTz SER 156-BF, DK BALR G F — & Tk, 24 BRI I2 IR

% See experimental section for the hydrogenation of complex 3f.
™ Suzuki, H.; Kakigano, T.; Tada, K.; Igarashi, M.; Matsubara, K ; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem.
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4% TEER 27-BFy AR LTz, FT7, ARk L7-$E/K 27-BF, L IZITZEED cis- AT VRV OERE
"HNMR TSR L7z (Eq. 3 -27),

+
Ph T Tem 72 —TBFZ

c .
Ha (1 atm) AN
o i TN, - Qo e
AN // | 23 °C,24h =
H v R S H 7
NS
CP*H
15f-BF 27-BF 4 (4%)

DX DT A SR 15-BR TIPSR 3 L 0 bR IKFRILISHET Lz, FFiZ,
FYEDPER T V% v BB T D88 3 12OV T, BT DKFLBIBER I BR L WO R L
ThDDIZK LT, HFA S 156-BF, TiX 1 atm OKFBFEEKT. 23 °C TH S ELT
L7z,

AREL 2 HICRN T, BF T A TIL, TV B F D switchback motion H3EL 725 Z
LEREBMC U, Ele. BF A gy(l)-1-T = = )b-1-T 1 B A 15e-BF, O switchback
motion DEERRIIFATIZE Y . W F A MR TITEBIRBICK T 5 BHEOHMC L >TT
NEVEMFPBEES RDZENTRENT, TROD, I FF MWK ETIE switchback
motion DEBIRFEIZIIT B MHEKFEBEBEL TWD Z LNB X I D, switchback motion DIER
WRRBIZT N F VBAF S ATEMEIGIVIREETH S Z L NEHRFEIC L > THEI»D LR TE
V. " 14T BOKENEN LT 48 BEFEHAE L 22 DRI T L% VENL F 03 ATEAIRL & 72 %
ZEBRFREND,? UEDZ Lk B F AR TIIAT =7 A-CprEEfEA 1T b,
T VBN F R ATEAM B ZIRY R R 72DIZKBIRIGOESICET LIZEE LB
5,

Soc. Jpn. 2005, 78, 67-87.

' Riehl, J.-F.; Koga, N.; Morokuma, K. Organometallics, 1994, 13, 4765-4780.

™ (a) Schilling, B. E. R.; Hoffnann, R. J. Am. Chem. Soc. 1979, 101, 3456-3467. (b) Halet, J.-F,; Saillard, J.-Y;
Lissillor, R.; McGlinchey, M. 1.; Jaouen, G. Inorg. Chem. 1985, 24,218-224.
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AT (V)T NAEVERE 10 = U T U EEROTFEEFA LIRS

FAE ps(L)y-TNAREEL u- =0 T RO EE 2R LIRS

P =

KT AR REMF LT 5 is(L)-T AT VEE3 O7a M ALTR, TAF VEMAFOEND
Lo TERRBERMPELNI, 7 = VER T FAED LD RIPSEVERELET 58
BT, 70 AR & o THF A paL)-7 V% I 15 BERT B0, BEOT L%
EAETABETIE, DF A p- T VX D DU U BER LT, Z0X D RRISOERYE
X, BREOMANRPSESICL> THRENE p(L)-T xR L gt =) 70
PEICIRIET 5 Z L 2 Uiz, RBE T pp(L)-TAF K3 L - b= U F g8k 4 L O
BERIB LRSI OWTRAS,

SRR 41T, SEEL T AT L EDORISIC Lo TERL (EBq 4-1), ©=U 7 VBT EOER
BT o THIE 4 ORNZRRERBRRS, | 7z =V ED LD R SEVBRELETS b
DTEL, 23°C DRHTH p()-7 == VT € F L U8 3 lIERENB, —F, L~FEve
DRI TERT B ps-l-~FE = V7 K 4b 1323 °C TREETHLB, FHRET D & m(l)1-
~NF LR 3D & DFEIRAWIZ/2 D (Scheme 4 - 1), T DSEESUS DI EH T A —F 1

AH°=65%1kealmol ', AS° =183 calmol” K™ LB & v, SHlF 3b 2> DERIE db ~DRIEALIT
RETH D, °

7‘2— L
c/
4.
S
l — cp* Ruct”\‘ku—c:p* Eg.4-1
Ru / o 7/
23°C /RU—H
/
Cp*
da; R=Ph
4b; R="Bu
B,
" ?u :i:,""Bu
S ..,c 7
c
Cp*- Ru\r' H\Ru -Cp* 2 cpt- Ru/ H Ru-Cp*
Sk >70°C | Srely/
H™ H=" H
cp cp
3b 4b

Scheme 4 - 1. 3514 3b & 854K 4b O RS,

U gE RIS, ZEAIIRSC, B TERE(2001).
? Tenjimbayashi, R.; Murotani, E.; Takemori, T.; Takao, T.; Suzuki, H. J. Organomet. Chem. 2006, 692, 442-454.
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FAE (L) TNAF R L 4- B = U T U8R 2RI L7 RS

INETO=ZEANRENT FTREIIBITD ps- = U F U8R OEE, BERKETOT
T L VRBEROTEM GBI EE U CITARDITEY . m- T AF VRS us- 7T MK ) P88
& DHEEEROBRDBHERINTE 2, * Varhrenkamp 51X, V7 =7 Ah-2200 AR =
N 5 AH—RuCoyCO)y & TIF 1 EDRISIZ Lo TERT D m()-T NV 8T, ~F4
VB COBREMFICREN T, FAWFHIK - = FUERIIERIND Z L 2HE LT
% (Eq. 4-2) *

H
H '1‘ é-—-R
\'c%’c reflux /c/;(“"
oc CO'L-\—-—-—-—-R CO)y i (OC)C ——-—-! ~Ru(co Eq. 4-2
{oC) \CO — u(CO)3 — {oCk o\co — uf{COJy
{Co); {CO)s
R=H, Ph, Bu

ZEANRENT TRE—ZRBIT D i T AKXV gy =Y T w7 XY v‘wﬁ&zéﬁﬁ&
T, -t =V FURBBRVRETHD, > VT2V LF VT RAT VB ) T T e TAF
75 AH—D 60 °C [ BT BMBBE T - = U F VR BB I N BICKRBEHKT C
FEBIT -7 ¥ Y DUBRICE RS N B A8 KRAAE LAV RIECINERT 5 & Us=T VE
VUKL p- e ) T USRI EER SRS (Bq. 4-3), °

H
H H IR

H /R (l:" R ?
AT e s

: §0°C -

(QC)3Co§—-g—/_——Ru(c0)3 — (OC)3C0‘< —/——‘Ru(c0)3 —-— (OC)sC°<I \,:Ru(co)a Eq.4-3

Mo Mo 60°c Mo H

Cp{CO): cp{Co), Cp{CO})
R=H, Bu

IDEIRI FAE— DT NF VRATFOREEEL BERELOT EF LV REEDS
B L BEMT BTV, Bl 7EF Lo Pi11l) RE~OREFEOKRFNEMICHIES R,
KEBETRT7EF Ly aFidmy BAELTWSZ EBHALIENE FBTDE pyf B2
FURBIZERL, KRRE FU FERD HBAICHBNENCR LRER pp-=F ) VVBIE
#Ehd (Figured - 1),

3 Bruce, M. L. Chem. Rev. 1991, 91, 197-257.

4 (a) Roland, E.; Valrenkamp, H. J. Mol. Catal. 1983, 21, 233-237. (b) Bernhardt, W.; Vahrenkamp, H. Angew. Chem.
Int. Ed. 1984, 23, 141-142.

5 Vahrenkamp, H. Z Naturforsch. B. 1989, 44, 1060-1066.

¢ Bernhardt, W.; Schnering, C. V.; Vahrenkamp, FL. Angew. Chem. Int. Ed.. 1986, 25, 279-280.

7 Kesmodel, L. L.; Dubois, L. H.; Somorijai, G A. J. Chem. Phys. 1979, 70, 2180-2188.
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FAE py(V)-TAF VR L B = D F U sEOFEERA LIRS

H
I"I H\é /H
g'H H //c’M cl;
Pt(111) HCCH d §-6/ -——--» ...._...._.,. /‘\ \li‘l
surface , X
1 -acetylene e -vmyisdene [Jg-ethy!idyne
¢
l"“// Hm H Ng=
.~ \: / v |
prf-acetylide ‘ pof-vinyl rethyiidene

Figure 4 - 1. Pt(111) REIZBIT 57 EF L IREEDOZE),

TIGARAZ—IZBRM L= T UBENFO g REIX, REFHTHHLEELZLRTWVS,
Varhrenkamp 51, k-0 - = U 50 7 5 2 F— FeCoy(CO)W(us-CCHy) & h U A F LR
AT 4 EDRIGIZRNT, 0°C LLTF TORUSTIE B IRFEIC PMe; B3I L TPEA A 2 g4 A8
ARUFETDEPMe BV M ED CO LEML T us- B =V FUBEBICRA Z L ZHE L
T3 Eq4-4), ° £, AT =D LAOEBBOHEBWERRT 4 v EAVEESITIE, 5
LEBZELRLE a0 b LD CO DBEBRKIENBEINDG ZLZHLMITILTVS,

~LsH H

H

H Me;P"‘ H

i [+
! C’H

c—’H
.
C / «-CO
(0C)CoT— ’-7Fe(c0)a pealllo ol Fe(co)a e (°°)2C° '-7Fe(c0)a Eq.4-4

0N (con (cos

Fehiner 513, u-v= U F U 8ALEFA LERUSZHE LTS (Scheme 4 - 2), 0 pp-=F Y
UUBEKR A & CO L DRUGIL 60 °C THEAT L, p- I VAR=)VEER B ZINE 40%TE X 5, $5KA
DT T b ALRIE TIIARROBBEER T = ot -0 = U F U8R C B ERT 5, Z 08k
B CIECO LERMPITHIG L, EROT 0 M ALIZ L > TEE B 2 EBNICE 25, Z0R
Rix, 7o b7 e MARD X S RIS EFRA L CRERBEEEZ B ENTEXR L%
RLTRY, i =V T VBN FRRESRT =4 7 527 —2REMTBHRLFA LE
BISToH %,

ARETH s(L)-T ¥ V8 3 & == U F U8R 4 & OFEEZF A LT BRI OV TIRA

¥ Seyferth, D. Adv. Organomet. Chem. 1976, 14, 97-.

° Albiez, T.; Vahrenkamp, H. Angew. Chem. Int. Ed, 1987, 26, 572-573.

1% (a) Vites, J. C.; Jacobsen, G; Dutta, T. K.; Fehlner, T. P. J. Am. Chem. Soc. 1985, 107, 5563-5565. (b) Dutta, T.

K. ;Vites, J. C; Fehlner TP Organametallzcs 1986, 5, 385-386. (c) Dutta, T. K.; Meng, X.; Vites, J. C.; Fehlner, T. P.
Organometellzcs 1987, 6, 2191-2200.
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FABE p(L)-TNAF UK S -0 = U T RO A 2 R LIRS

h}e
c L
Hay- -H -
H H -H
A Q= Fe(CO)3)
+CO
-Hp

Scheme 4 -2, SEEHI A RN T FRAY — FCBT AEMEFOEREZFB LERIG, °

B KT AR 2ETHEEI &L —BERRR M) AFANERRT 4 EDRIE T p- =Y
FUEKR 4 ZPREME L L CREDEITT A ZEMHALN L o, THITFEELE U T, RIbK
REMFORMEREEAD LY I FRF—ORICEEZRD DB BN TEDLI L &2RT
WRTHD, ZOKR3 LK 4 OFEEZFIAL CTBILREOEREERI Lic L 25, K4
FORBEEZ > T - =Y F o, p- I VR = VEEERER Lz,

B2 ps(L)-TAX A3 & —BLRBRO RN Y ATFNAVERRT 4 & DRI

KT NF L BEMTFE UTHET A3 & CO &L DORUSTIE 23 °C TRIGHEIT LT Ru-H
FEB~DOT VX VEMATFOBARISHEIT U, w7 VXK 17 BERT S (EBq. 4-57. B
|7 NX LV EETDEETIIRSICNASSLETH e TAF VBT OBARGITHETE
F pal)T A BRI B (Bq. 4-6), 1 THD ORERIL, HHT L F VAT pr s
U7 VBN FIZERENDBHNE 7 AF VEATF CIRZDO L 5 REMAEEZRNR WD
CO L DR RESERD ZEERLTND,

g
R
CH;,
" e— é. H“(:./ © o
N CO {1 atm} f :yc\ C.
Cp*-Ru= ﬂbku—Cp e CP*-RUSY —~//;-—:Ru Cp*
l, RuZ 23°C, 62h Ru
cp* c{,*\‘c
o Eq.4-5
3a; R=Ph 17a; R =Ph {quant.)
3c; R='Bu 17¢; R = 'Bu (quant.)

" Takao, T.; Kakuta, S.; Tenjimbayashi, R.; Takemori, T.; Murotani, E.; Suzuk, H. Organametallzcs 2004, 23,
6090-6093,
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FAE py(D-THAF UL - =) 7 RO R A Ui ROs

A

—c. =
N I co (1 atm) A\ Fa-4-6
Here el
CP*‘Rulg\: = pu-Cp* ——————i CP*« RU e | o, -Ru-cp* + H
M P 60° ) 1N 2
~RuS—H 0 °C, 30 min H=—Ru
H SN
Cp
Cp* c
(o}
(quant.)

n-7FNEEETOHEIb X7 2NV EEET 8K 3a LHEL THIET 5 - =) 7
Gfh 4b BEAFHICREBTHHZ LMD, CO LDRISHBESHITEITT S Z LB FRENE,
$EMR 3b & —BRILIRER & DRUNITEISR TR T L, KBS FOBMEZ M- T us-~F ) PV, b
Y pu-Za VR =R {Cp*Ru(us-CO)}a(us-CCH,"Bu) (28b) B4R L7- (Bq. 4-7), 5K 28b i3 'H
NMR 7 —ZIZEDSWCHEE Lz, $44k28b i3 3 [EEEA L, Cp*ED T 7 F Vi3 6 1.66 ppm IZ
FhCBRE S, p-~F VY D UEBNLF D BKRD T F VX §4.73 ppm 12 triplet like 123 7
e LTEE SN, -0 T Y VUBMLF 2B T 28EBBRICHRE SR TR "2 RBICIX
0 Nm?fé? BB L,

"By "By
H |
N ’-C, C
| €O (1 atm) / \\ Eq. 4-7
Cp*-Ru-\= 'HA/Ru-Cp* ——-——>Cp*-Ru\ zRu-Cp* + Ha
lL,Ru_,.,/ 23°C,6h ocI:’R"\cI;o
Cp* Cp*

3b 28b (85%)

MEBMNT =22 VER T FNVEEET DK a3 DA LERY, $8K3b L COLD
BOGTIIAKSE (64.54 ppm) DBBEZ ST, w-TAF ) DUBNF2E T Hobik 28b 234K L
Tzo Eiz, $5E3a R 3¢ & CO & DG TIXBIGDFERICEARESETH B8, #8448 3b Ti
BRI CSE T Lz, ZHUE, TAX VEMF EOBBRENEHDO T LFAED L S I2h S /N E
<N B = YT UMK 4 CRBICEBRENDEETIE CO L ORIGHESITEITTE Z & 255
LTW5, Fio, u-B =0 F UK 4 OBIRNREMIZ L o TERBNRR S Z LBFE
iz, 54 ZIRALTCOBRIET D Z L EHERTHDIC pe-~F =V F 8k 4b & CO
EDORISEATIR T Z A, FUSIHERIZHEIT L, 851K 28b NAER LT Bq.4-8)

|I.| g "Bu
c- oY
4.
c . CO (1 atm)
cp* Ru‘t—“éRu-Cp* 3= Cp* Ru<|'$—Ru—Cp* + Hg
\Ru_/ ! 23°C, 5 min Ruz. | Eq.4-8
H=y A —U~co
Cp* cp*
4b 28b (91%)

2 2R HA, BRI RRTHEREEQ2000).
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FBAE uy(L)-TAF UKL -2 = V7 VRO 2RI A LIRS

INBOFRERNL, 85K 3 & CO L DRISIT - =) T U8k 4 R LTHEATTBZ &N
A2 E7rot, §8f3a L CO L DRISIZE o TERT B p-7 = R F VK 17a OB T
iZ. C-HEEER C-CHE DEBLAITMMBET LT -7V X U D814 28a, 29 BERT S (Eq.
4-9 I N DORERITSEERI & CO L DRISTIL p-7 IV F VR 17T IDRERIERM TH Y,
Us=T VxR ) DUGEK 28 IZBNERERM THD T LETR LTINS,

Ph

Ph
" B H
| 35058 I\ 1IN\
Cp*-Ru, ""/"Ru Cpr —> Cp"Rug=gegzsRu-Cp" + Cp™-Ru sRu-Cp* Eg.4-9
u 120°C, 100 h |,R -/ | Sruz |
7 co oc// ~~co
Cp* C cp* &
17a 28a (5%) 29 (40%)

GER3 LEBE L DRISH - =V 7 U 4 ZRHRT 5 Z & 1%, PMe; & DFUGIZBWT HEE
BENTz, p-AF U VT U8EK 4a & PMe; & DRUSIT 23 °C TERHICEITL, i-AF VI V5
v, RAT 4 ‘/ﬁ‘é/él: {Cp*Ru(u-H)}s(us-n*-CCHPh)(PMes) (30a) BN4ERKT 5 (Eq. 4 - 10), 2 —F
pa(L)-7 == AT B F L gEK 3a & PMe; & ORUG%E 5EHE X/ 57201213 80 °C IZINE 2 45
B D, G 30a AR LRIZEDITMBERET 5L, P-CREGDOINTE A X ORI
T u-AF VYT, u-RRAT7 4 FEEE (Cp*Ru)s(p-H),(us-’-CCHPh)(u-PMe;) (31a) 2SR L7z
(Eq. 4-11), $&{K3a & PMe; & DRISDIRREIL%E Figure4 -2 1T L7z,

H H
// PM //‘
. e A5 Eq.4-10
Cp*-RuéH;Ru Cp* ————» Cp™-Ru— ,Ru-—Cp* 9
| SreZ 23°C,5min  MesP” Ry” b
H /
Cp* Cp*
4a 30a (86%)
y y
H l c—Ph L~Ph
c —C., 4. 4.
PMe; /c - MeH /c
cp* R H\R" ~Cp* ——» Cp*-Ru——|——=Ru-cp* —=Cp* Rusl H"‘R“ cpr Eq.4-11
u 0°c  MeP Ry” Hs 80°C /Ru——H
/ MezP /
P cp* Cp*
3a 30a 31a
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BAE 4y(1)-TAF UKL p-t' = U F VRO FE R LI RUR

SR 312 IX THNMR, “CNMR & 3PNMR 5

—FIESOTREE L, #5#k31a D 'H NMR 100 ¢———
F—X% Table 4 - 1 |2 °C NMR ¥—# % go |\ |m30a \
Table 4 -2 1Z5% Lz, 0l 431a

E KU FREFOLS T, 6 2180 ppm B L | O
& 62176 ppm IZENENY L DI v TV 8 *
7 %o T doublet BB I, CprEDY S 27T . \
F V1% 5 1.68 ppm, 4 1.77 ppm. 51.86 ppm i 1: o 1 2 s . &

Time/d

1:1 CHEESNhE, Y2 FUEMAFOAKER
8 6.01 ppm KB SN, “hETlcdssn Figured - 2. §5K 3a & PMe; L DRIE (80 °C).
TV - = D F VBN FEET A SO ERNMR 7 —% % Table 4 -4 ITRUTZ, Bk
F1L 66 7ppm~54.1 ppm DEICBEIN TRV, $6431a DES ZOFEHANTH >, =)
T VBN D a R 5 286.7 ppm, BIRFRIL583.1 ppm KK ED 1540 Hz DA TV 7%
B T doublet TEE STz,

Table 4 - 1. 844 31a OE72 'THNMR 5 — ¥ (S/ppm).

Ru-A (JP~H) C5M€5 ,u3-CCHPh PMEZ (JP~H)
-2180(d, 6.4 Hz),-21.76 (4,84 Hz) 1.68,1.77, 1.86 6.01 1.55 (9.6 Hz), 1.72 (8.8 Hz)

Table 4 - 2. $5/K 31a ®E72 "CNMR F—# (d/ppm).
C5M€5 ﬂ3-C=CI‘IPh (J C-H) ﬂ3-C=CHPh PMe 2 (J C-H)
85.5,92.9,93.7 83.1 (154.0 Hz) 286.7 23.6 (124.3 Hz), 29.0 (129.1 Hz)

uRAT 4 FEALFOPNMR ZBIE L EZ A, 61333 ppm WKERINE, ZThETICH
BEEINTND u-RART7 4 FEMNFOZ I N7 M Table 4 -3 TR LT, p-v A7 4 FENL
FiE—A%AIIZ 6 90 ppm ~ S 160 ppm [ZBIE XN B,

Table 4 -3, =#% -5 A7 4 FEEHAD "PNMR 5 —% (5/ppm).

Complexes #-PR, Ref.
1. (Cp*Ru)s(H)4(u-Mey) 97.5 13
2. (Cp*Ru)s(H).(u-PEt,) 154.7 14
3. (Cp*Ru)s(H)(u-Phy) 82.0 17
4. {Cp*Ru(u-H)}3(us-CH)(u-PHMe) 109 18
5. (Cp*Ru)s(u-H),(u5-CCHPh)(u-PMe,) (32a) 133.3 This work
6. Fe3(CO)s(u-H)(u-PPhy), 163.7 15
7. RuyCo(CO)o(pn-H)o(¢-PPhy) 166.8 16

BRI AR, FALER, RRELIEKTE(2001).
YORoR VA, FEALARSC, A LIEREFE(2002).
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BAR (-7 VF RS B = U T SRR O T 2 AR LIRS

Tabled -4, =% yus-¥'= U 7 85K =7 NMR 7 — 4% (5/ppm).

Complexes "H NMR CNMR Ref,
/13*C=CHR #3-C=CI‘E{ /13-C=CHR (J C-H)
{Cp*Ru(u-H)}3(us-CCHPh) (4a) 5.19 324.9 79.7 (155.0Hz) 1
{Cp*Ru(u-H) }3(15-CCH Bu) (4b) 4.45 326.3 79.3 (154.9Hz) 1
(Cp*Ru)s(u-H)(11s-CCHPh)(1-T) 4.96 2083  827(1534Hz) 12
(Cp*Ru)s(u-H)s(115-CCHBu)(-1) 432 3015  922(150.9Hz) 12
(Cp*Ru)s(u-H),(us-CCHPh)(u-NH,) 541 290.9 82.5(153.7Hz) 17
(Cp*Ru)s(u-H),(u3-CCHBu) (u-NH,) 4.64 292.4 92.7(151.2Hz) 17
(Cp*Ru)s(u-H)o(s-CCH,) (4u-PMe) 4.45 284 613 (156Hz) 18
{Cp*Ru(u-H)}a(15-CCHPh)(PMe); (30a) 536 2657  793(155.3Hz) 2
(Cp*Ru)s(u-H)»(1s-CCHPh)(1-PMe,) (312) 6.01 2867 83.1(154.0Hp) T
wor
(Cp*Ru)s{u-H)(u3-CCH"Pr)(¢:-0) 491 296.3 88.8 (153.3 Hz) 19
(Cp*Ru)s(H)4(43-CCHPh)(us-ZnEY) 5.48 261.3 83.9(153.8 Hz) 20
(Cp*Ru)s(H)4(113-CCH"Bu)(3-ZnEt) 4.70 261.2 83.0(152.0Hz) 20
(Cp*Ru)s(H)4(13-CCHy)(us-ZnEt) 4.13 267.4 63.9 (155.7Hz) 20
(Cp*Ru)s(1-H)s(us-CCH)(¢5-AlMe) 5.07 279.3 67.6 (154.6 Hz) 21
{Cp*Ru)(Cp*R)(H)4(us-CCH"Pr) 4.55 264.8 83.0(152.8 Hz) 22
(Cp*Ru)(Cp*IN(H)4(us-CCH"Pr) 4.81 235.9 82.7(157.5Hz) 23
Fes(CO)o(us-CCHPh) - 274.1 102.7 (159 Hz) 24
Fez(CO)o(us-CCH Bu) 6.04 285.6 102.3 (156 Hz) 24
Fes(CO),o(us-CCHy) 5.3 292.3 75.5(169.8 Hz) 25
[Fes(CO)s(p-H)(23-CCHPh)] [PPh] - 278 973 () 26
{CpMo(CO),}:Ru(CO)s(1s-CCHPh) 6.28 290.6 91.1(-) 27
{CpMo(CO),2 3. Ru(CO)s(us-CCHy) 461 295.9 712 () 27
Ruz(CO)yo{us-CCMe(OMe) } - 214.2 149.8 28
053(CO);0{13-CCH('Pr)} 6.74 201.7 103.3 (155 Hz) 29

15 patel, V. D.; Charkas, A. A.; Nucciarone, D.; Toylor, N. J.; Carty, A. Organometallics 1985, 4, 1792-1800.
16 Regragui, R.; Dixneuf, P. H. Organometallics 1984, 3, 1020-1025.

MR B, SIS, BUR T KF(2002).

18 RME AR, BRI, BT EAZA(1995).

P ER BT, BAERS, FETEKAE(2000).

0 OokRE B, AR BETEKRE2003).

1 IRER £ 51500 R TEAR(2004).

2 A Wi, BRI, HRTEKRTE2001).

BB R, AERS, B TEAFE(2001).

2 geyferth, D.; Hoke, J. B.; Cowie, M.; Hunter, A. D. J. Organomet. Chem. 1988, 346, 91-104.
3 Lourdichi, M.; Mathieu, R. Organometallics 1986, 5,2067-2071,

% Suades, J.; Mathieu, R. J. Organomet. Chem. 1986, 312, 335-341,

" Adams, H.; Gill, L. J.; Moris, M. J. Organometellics 1999, 15, 4182-4189.

2 Sailor, M. 1.; Brock, C. P; Schriver, D. F. J. Am. Chem. Soc. 1987, 109, 6015-6022.

# (a) Green, M.; Orpen, A. G; Schaverien, C. 1. .J. Chem. Soc., Chem. Commun. 1984, 37-39. (b) Green, M.; Orpen,

A. G; Schaverien, C. J. J. Chem. Soc., Dalton. Trans. 1989, 1333-1340.
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FAE p(D)-TAF GRS ps- = U T VRO 2 FIA L BOE

KIETNF L HENT LT HEEHR 3 & PMe; & DRIGD ps-E= U5 884K 4 28R H U CHEST
T5, Ub&v, $8K 3 DI X 2 BHRERKIS. KFLRIS, CO R PMes & DEUGIL, ps-
E= )T U4 ~OEBROBEZ VRT ICKEEND &V ) T EWREN U DR L &
DNT, uas(L)-TAF 83 & CO L D% Scheme 4 -3 DL I IZHEE LTz, RKIEFLHF
ZHTDEEHIT CO DEMLIZ E o> T usr B = U FUSER A ICEBE NG, S5 A BT, M &
BOVEBREEE L, 4t =) T VEIRRSFIC AR E RS TIERHIZE F Y FEMF D
BEWEANPERZY, p-TAVXNVEER 1T BERT D, —FH. PEODPASWEBBRELZEL, ps-E=
U7 U BINB N REIREEETIZE N FEMLFSBEE LT, -7V U DU 44K 28 234
Y5, RERT VX 2R TH8ETIE i-E =) FUVEICER SR W), CO DEMLIC &
> TENLEAFN/R A8 BT w()-T VX A B AR L, 612k NV FEAAFOREEEL CO D
BEALIC K> TEEE CBRERT D EE LT,

17 (48e)

T+CO

R LR h

Ne—C.

C/ .\\ +CO C//"\.
=fHe — Hel:
—~—————

H H H
H
co
3

RZ
1 | R? R?
"Ne =6 R L R
! % N
<~ _{-H + CO "'C¢ +CO '\‘Cﬁc\ co
— —{-H . "
H H B H - Y,
= RucCp* ¢o H -H2 H
46e B (48¢) ¢
Switchback-motion C (48¢)

Scheme 4 - 3. $5/K 3 & CO & O RIEDHEE R ISHAE.
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FAE p(D)-T AT UEE L u-t' = ) T VRO g 2RI LU FUS

B RLBER L DR

KT NF BN FICETHEK 3 £ CO HDWE PMe; & DRGIE us-E =10 5 854K 4
ERRH LT3 2 L BB ML hote, THICESHIE, KERHT g-B= ) 7 PRk
ERAESEDZLICL T, REMAZEL bRSSESZ LR TESbDLEL IS, Al
THE T O3 & 85K 4 DT EFIE Ui “BLR R O 2 R LT RIS TR B,
CO, BRI OIS & » TART BRI Th 1) | 870 I IR R L AT
B, CORIERE Ui & 0 BARLAM~DERRISIL, BHEBEEOHRI DS bol
L > THBI 2T —< Th B,

COII~NTBZ AL THY, ZBY OBERTEED L Lewis "“’;e site  of bond part
ZEALT D, *° FLORERFIT Lewis BEA (1), BBER 0=C=0
Fi Lewis HER[ & LT@% ). EHIZC=0D %lﬂ::é Lewis :cidsite
& o> T BT S (3) (Figure 4 - 3),
,,O
L OFALBUOBECRITL, RV~ — NIRRT , s

5 (Scheme 4 -4), HIZ M-CHEABER I, HILRF
SEARNERTIRBLEZEZDNDN,. ZRE TITHNAURF
ORI DNR BICHBE SN T2 FlE AR,

Figure 4 -

3. CO, DT & BN AR

Carbon dioxide insertion

(o]

\S
M—O—C—H or M--)C—H _
" 3/ H //O 5 5+,/O
o] t c I:I---C
M-fl | 3 —» M—~0—C—H
formate complex o M--0 g
M—H + CO, 5t o-
\ Alkene insertion
M—C—OH c 5~ 5+.C
M-tl e |1l —» M—C—C—H
carboxy complex C M---C )
&t - c

Scheme 4 -4. &JB-t KU FHEE~D CO, DR A

ZEMLRFENDERBIC -C,0 BRI L7z8EA L LT, Ni(PCys)(#*-CO,) R Nb(5*-CsHMe),(CH,-
SiMes)(7*-COy) B BITN D, ' 0-C-0 DFEAAIT132~133° THY . BERED CO, & K
E<HITONTHD, #iDIE, T VEEK Ni(PH;),(CO,) D ab initio B FHEFE L > T=>2D

3 Darensbourg, D. J.; Kudaroski, R. A. Adv. Organomet. Chem. 1983, 2, 129-168.
3 (a) Aresta, M.; Nobile, C. F.; Albano, V. G; Froni, E.; Manassero, M. J. Chem. Soc.,
636-637. (b) Aresta, M.; Nobile, C. F. J. Chem. Soc., Dalton. Trans. 1977, 708-711. (c)
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BAE py()-TNAFRERE p- B =) TSRO EEZFIA LI RIS

EAIAERD 2 5 p-C,O0 RBEBLETH Y. 0-C-O DHEAAN 138° DRI r*ELE~ D523
DERMIBE, BETRALT—BBMNIRE L EREL NS, P

M-H &~ CO, DBARGETIE, @BFLOREENEETHS, » Berke b,
ReH(CO);.,(PMes), (n=2,3,4) & CO, L DFULEIRET L .n=3,4 D TIT 1atm D CO, & =il
TR L T p'- < — hEE Re(OCOH)(CO)(L),(PMes)s (L = CO, PMes) BAERT 528, n=2
OEETIEHFBRLTORE LAV EREL TN, =P

—7. HiEH-%EARERSRE HEERDO M-H A~ CO, DIEALUSIZOVWTIE, Bergman
BIZEoTHREESNTVS, ¥ ZHIVa=T ALY DT LTDE R RS CpZi(H)(u-H)-
(@-NBwIrCp* & CO, & DT KIHD Zr-H RS IZ CO, BIBA L -V~ — MEE Cp,Zr-
(OCOH)(u-H)(u-NtBw)IrCp* MR4AET 5 (Eq. 4 - 12),

!B'u [ tBU 7] 'Blu
|
N
N co, N
Cpa2r iCp* ——>| Cp,2Zr IrCp* | ——» CpyZr licp* Eq.4-12
z |\H/ of-z N pzz/ \H/ P 1
. H Cc H H o
[ i
o /c\
L _ 0* H

FIBMARETHRY L FU F2 52F—% iz CO, DEBERIGERE LT3, KB,
ToAEERAVT =T AT R T F U FEEE [{Cp*Ru(u-H) 1 (us-H)][K(18-crown-6)] & CO, &
DRIGERF L. ZORRMEMHBEA~D CO, DBARIGTIZMRL, T4ty 525 —hn
b CO, ~D 1| EFBEIL > TER L CO” EEBMERE BRIE L., - VR = L8k
{Cp*Ru(u-H)}(u-CO) (32) BAERT S Z L EZHLMZLTWVWS (Eq. 4-13),

Ru Ru
2N CO, PATAS
H”/|\"H H™/I\"H -
IZ\ RN 7N .41
Pr¢ u\ /Ru\ Pre u\ /Ru\
H (]
(o]
K" = K[18-crown-6]* 32

B.; Lapport, M. F. J. Chem. Soc., Chem. Commun. 1981, 1145-1146.

32 Sakaki, S.; Kitaura, K.; Morokuma, K. Inorg. Chem. 1982, 21,760-765.

B (a) Nietlispach, D.; Bosch, H. W.; Berke, H. Chem. Ber: 1994, 127, 2403-2451. (b) Nietlispach, D.; Veghini, D.;
Berke, H. Helv. Chim. Acta. 1994, 77,2197-2208.

3 Hanna, T. A.; Baranger, A. M.; Bergman, R. G. J. Am. Chem. Soc. 1995,117, 11363-11364.

¥ (a) K B, FAREL, FETHEKFQ003). (b) FHE H—, FAHHRIL, FRATERF2004).
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FAE p(L)-TAF 8L - =V 7 U8R O 2 F A L= Rk

4-3-1. - = U T U8Bk 4 & T BRKIRSR & DRUG

#3(L)-1-~F 2 GER 3b & 1atm D CO, & DRUGE 80 °C TIT R -7 & Z A, py-1-~F k=
T VRl 4b & DEBRREMNZ R T RIZ, KO TFOBBEE > T p-1-~XE= VT, gV
A=V (Cp*Ru)s(u-H)(us-CCHBu)(u-CO) (33) BER L7z (Bq. 4 - 14), RIGORRELE

Figure 4 -3 [Z/R L7,
"Bu H | H

1 _Bu 1 _"Bu
H‘c"-,: //C’ co, //C’
| RN /c {1 atm) /c
CP*-Ru/';\: H=Rru-cp~ _>‘Cp*-Ru<|H\'Ru—c * — Cp*-Ru—- _Ru-cp* + Hp0 Eq.4-14
| S " 80°C Sy ’ 80°C ’ u\Rlué_f: i 2
H= H W= H OC//
cp* Cp* cp*
3b 4b 33
&K 33 1IX '"HNMR, "CNMR. IR7 100
—ZIZESWCHEE LY, 'H NMR 57— #3b
80 m4b

X% Table 4 - 6 |Z°C NMR T —4# %
Table4 -5 (2R LTz, ‘

g5k 33 DB FU FYZFHix s
—10.17 ppm IZBIE I, Cp*ED T 7 F
VX6 164,170,183 ppm 2 1:1: 1D

Distribution%

‘ 0 100 200 300
MELCERIN - 1~F =) F Time/h

VBT B/KEEIL66.73 ppm sz Scheme d-5. §5fK 3b & CO, & DL (1atm, 80 °C)
N, TNETIZBEEN TS pp-B'=UF UKD g KEDTF I HNT 7 M, CprEEX
RN FICETA AT =0 AEERTIL04.13 ~6.01 ppm IZBEZ SN TEY (Table 4 - 4), %
o EHERT 5 LER0REHE T 7 P LTV, ga-l-~F =V F VENLT D a RFEIL 6773 ppm
W2 151.6 Hz DA v 7Y ¥ 7% 45 T doublet THEZ S L, BIRFRIT 52973 ppm iZBE STz, T
NODOIEL, p-t =Y F LA T — R ETdH o7 (Table 4 - 4),

peA VR = VBT 6 264.6 ppm ICBE S L, THETICRE STV D p- VR =V EAL
FDrIANTT FOME, 52384 ~2551ppm & B UCTIRRES S 7 L TBIE Sz (Table 4 -
Table 4 - 6. $&/4 33 O 'HNMR 5 — % (6/ppm).

Ru-HA CsMes 13-CCH"Bu "Bu

~10.17 1.64, 1.70, 1.83 6.73 1.10 (Me), 1.34 (CH,), 1.6 (CH,)*, 2.52 (CHy)
* Confirmed by H-H COSY spectrum

Table 4 - 5. #5433 D72 PCNMR 5 — & (§/ppm).
C5M€5 /13-C=CI'IPh (J C-H) /13-C=CI'IP h /l‘CO
83.8, 90.5, 94.2 77.3 (151.6 Hz) 297.3 264.6
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FBAE p(L)-THAFR UKL 15- =05 RO EEEFIR Ui- UG

Table 4 - 7. =8NT =0 MEE EDH VR = VEMNF D PCNMR 5 —# (5/ppm).

Complexes #-CO 13-CO Ref.
1. (Cp*Ru)s(u-CO),(us~CO)(us-CH,CH,Ph) (17a) 2534 263.5 2
2. (Cp*Ru)s(u-CO)x(s-CO)(us-CH,CH,Bu) (17b) 251.9 263.3 2
3. (Cp*Ru)s(u-CO)(us-CO)(us~-CH,CH,"Bu) (28b) 248.9 - 1
4.  {Cp*Ru(u-CO)}s(us-CH) ‘ 247.1 - 2
5. (Cp*Ru)s(u-CO):(u3-CO)(us(//)-CsHg) 238.4 261.5 36
6. [(Cp*Ru)s(u-H)x(us(L)-PhCCH)(u-CO)][BF.] (18-BF,) 255.1 - This work
7. (Cp*Ru)s(u-H)(1s-CCH"Bu)(u-CO) (33) 264.6 - This work

Table 4 -8. =BV T = U LR EDO A VR NVEMNFD IR T—F (cm™).

Complexes #-CO u3-CO Ref.
1. (Cp*Ru)s(u-CO),(us-CO)(us-CH,CH,Ph) (17a) 1758, 1723 1611 2
2. (Cp*Ru)s(-CO),(us-CO)(us-CH,CH,'Bu) (17b) 1753, 1719 1618 2
3. (Cp*Ru)s(u-CO),(us-CO)(us-CH,CH,"Bu) (28b) 1777, 1729 - 1
4. {Cp*Ru(u-CO)}s(us-CH) 1777, 1734 - 2
5. (Cp*Ru)s(u-CO)(us-CO)(us(//)-CsHs) 1726 1642 36
6. (Cp*Ru)s(u-H)(13-CCH"Bu)(1-CO) (33) 1716 - This work

No p=1 VIR = VENLF DFEIRENT 1716 cm™ IZBIREN., TR ZINETIIBEENRTWS p-
A VIR = VB FISEVME AR L7z (Table 4 - 8),

P 33 DAy THEEIX. M T UEIR%E-30°C THET S Z LIC X VITH LR amieRES
ZROVT, BiER X SEERITIZ L o> THER Uiz, S8 33 00 THEE% Figured -4 12, T4
HERLESAL Table4-9 1ZRLT,

GER 33 1L ps-1-~FX B = U FUBMTF & - IV R NVEBMF 2B T H8EETH D, ps-1-~F &
=V F BT D C=C REEHERIZ 1395@) A THY, ZhETIBEESNR TS p-t = F

Figure 4 - 4. 885 33 D4 7 ERBIEMAKIZ 40% O EFRTRRLE).

% Takao, T.; Kakuta, S.; Tenjimbayashi, R.; Takemori, T.; Murotani, E.; Suzuk, H. Organometallics 2004, 23,
6090-6093.
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FAE u(L)-TNF U8R L 1-E = VT RO 2 F B U /s

Table 4 -9, #5833 DELRFEER Q) LEESAE O).

Ru(1)}-Ru2)  2.9896(4) Ru2)-Ru(3)  2.5981(3) Ru(1)-Ru(3)  2.8789(3)
Ru(1)-C(1) 2.009(3) Ru(2)-C(1) 1.986(3) Ru(3)-C(1) 2.014(3)
Ru(1)-C(2) 2.191(4) Ru(2)-C(7) 1.979(2) Ru(3)-C(7) 2.022(3)
Ru(1)-H(1) 1.72(7) Ru(3)-H(1) 1.93(7) C()-CQ2) 1.395(4)
C(2)-C(3) 1.459(5) C(3)-C(4) 1.594(7) C(4)-C(5) 1.631(10)
C(5)-C(6) 1.507(15) C(4)-C(5A) 1.622(10) C(5A)-C(6A)  1.535(14)
C(7)-0(1) 1.1913)

Ru(1)-Ru(2)-Ru(3) 61.550(10) Ru(2)-Ru(3)-Ru(1) 65.932(10)
Ru(3)-Ru(1)-Ru(2) 52.510(10) Ru(2)-C(1)-C(2) 133.53)
Ru(3)-C(1)-C(2) 144.5(3) C(1)-CQ)-CB) 125.6(4)
Ru(1)-Ru(3)-Ru(2)-C(1)  49.34(10) Ru(1)-Ru(2)-Ru(3)-C(7)  133.31(10)

Table 4 - 10, =% us-t' = U 5 L 8K D C=C MRS EERE (A)

Complexes C=C Ref.
1. (Cp*Ru)s(u-H)s{u3-CC-C(O)O(CH,).-} 1.35(3) 1
2. (Cp*Ru)s(u-H)(us-CCHPr)(u5-O) 1.395(6) 19
3. (Cp*Ru)s(u-H)(us-CCH"Bu)(u-CO) (33) 1.395(4) This work
4. Fe3(CO)o(u3-CC(OMe)(CH=NCy) 1.391(7) 37
5.  Fes(CO)o{us-CC(Pr)(OPPhy)} 1.388(5) 38
6.  Fes(CO)o(us-CCHPh) 1.378(3) 24
7. Fes(CO)o(us-CCH,) 1.399(9) 39
8.  [Fes(CO)s(u-PPhy)(us-CCH'Bu)][PPhy] 1.378(5) 40
9. Fe3(CO)s(u-PPhy)(us-CCHy) 1.35(1) 41
10. Rus(CO)o{us-CC(Pr)(PPhy)} 1.408(7) 38
11. Ru3(CO);o{us-CC(Me)(OMe)} 1.387(3) 28
12.  Rus(CO)o(u-H)»{us-CC(Me)(Ph)} 1.379(8) 42
13.  Os3(CO)o(u-H),{us~-CCH(OE®)} 1.39Q2) 43
14.  Os3(CO)o(u-H),{us-CC-(CH,)s-} 1.38(2) 44
15.  Os3(CO)o(u-H)(u-Br)(us-CCHPh) 1.37(2) 45

BIALF D C=C #5E EEBE D& (1.35~1.40 A) (2 E > TV 5 (Table 4 - 10),
Tz VED R RPEEWVEREER L, i-E = U 7 VRO EM LA BE I N2 ua(L)-
Tz VT RF U GER3alE. A—RETIRIRERY CO, & G LAWY (Eq. 4-15),

¥ Aumann, R.; Heinen, H.; Kruger, C.; Goddard, R. Chem. Ber. 1986, 119, 401-404.

*® Fogg, D. E.; MacLaughlin, S. A.; Kewk, K.; Cherkas, A. A.; Taylor, N. J.; Carty, A. 1. J. Organomet. Chem. 1988,
352, C17-C21.

¥ Aradi, A. A.; Grevels, F.-W.; Kruger, C.; Raabe, E. Organometallics 1988, 7, 812-818.

“ Suades, J.; Dahan, F.; Mathieu, R. Organometallics 1989, 8, 842-844

4 Grist,N. J; Hogarth, G; Knox, S. A. R;; Lloyd, B. R.; Morton, D. A. V;; Orpen, A. G J. Chem. Soc., Chem.
Commun. 1988, 673-675.

“ Dodsworth, R.; Dutton, T, Johnson, B. F. G;; Lewis, J.; Raithby, P. R. Acta Crystallogr: 1989, 45, 707-710.

3 Boyar, E.; Deeming, A. J.; Felix, M. S. B.; Kabir, S. E.; Adatia, T.; Bhusate, R.; McPartlin, M.; Powell, H. R. J.
Chem. Soc., Dalton. Trans. 1989, 5-12.

4 (a)Koridze, A. A.; Kizas, O. A.; Kolobova, N. E.; Petrovskii, P. V., Fedin, E. L. J. Organomet. Chem. 1984, 265,
C33-C36. (b) Batsanov, A. S.; Andrianov, V. G; Struchkov, Y. T.; Kizas, O. A.; Kolobova, N. E. J. Organomet. Chem.
1987, 329, 401-404.

5 Henrick, K.; McPartlin, M., Deeming, A. J.; Hasso, M., Manning, P. J. Chem. Soc., Dalton. Trans. 1982, 899-906.
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BAE () TAF VRS p- U= VT U BEERO 2 FA LT RUG

c0,
{1 atm)
cP-R \'I \R" -Cp* ———> No Reaction Eq. 4-15
H.-—-R'-"H
CP

Flo, TOp-E =Y T U zaco2 DORIE T, p-t' =V 7 VB F EOBBEDE NI L
STERDIERDHP /LN, BERO 1-¥' =V 7 V8EF {CpRu(us-H)}(usn’-CCH,) (k) %6
K1EZF ULV EDRBIZE>TERL. ' 208k dk & CO, L DRIGEATROTZE A, s
TF YDy, g IR, g Fr e V8K (CpRu)s(u-H)(us-7"-CCH)(u-CO)(u-OH) (34) B4R
L7 (Eq. 4 - 16),

s e
&~ (1t ¢
Cp*- RuétﬂhRu—Cp ~——— Cp*-Rus=|q=Ru~Cp* Eq.4-16
| :: R“'-/H 80°C | > RU<
ocC 7 OH
cp* cp*
4k 34

$EA34 13 "THNMR, PC NMR. IR F— Z [ E-SWTHRE L T2, 851K 34 D 'THNMR 5 — & % Table
4-6 12, P*CNMR ¥ —# % Table4-5 IZR L7,

Table 4 - 11, $&8{£34 O '"HNMR 5 —# (S/ppm).

Ru-H CsMes u-OH us-CMe
~-19.57 1.61, 1.63, 1.86 1.34 4.13
Table 4 - 12. $5{& 34 D72 P"CNMR 5 —# (6/ppm).
CsMe; 13-CMe 13-CMe n-CO
90.9, 94.2, 96.8 3255 457 246.8

v FU FEAMLFOT 7T 6 -19.57 ppm 1B S, Cp*ED T 7403 6 1.61, 1.63, 1.86
ppm ICBIER &N, p-b FuX VEBRMEFOT 76134 ppm BRI, 2OV 7t
NMR P> 7/ D0 A5 &ALz,

Y-t F Y P UBNLTF D a RED LTI 63255 ppm KBE I, p- I VR AVENLF DY
ZF T 62468 ppm IZBIEE X dLTe p- VR = VEALF OBFEIRENT 1727 em T ICBIER ST,
-t Fus VBN FOMERENT, 3000 cm™ MTICIERIC Y o— FAKIR: LTHE SR,

SEIS 34 4y THEEIL, THF IIRZ-15°C THET D Z LI L o THH Lz Bakiksa % A
W T B X BEIEREATIC Lo THERE LT, 81K 34 04y THEE % Figure 4 -5 IR L, Rl
AR LERAE Tabled - 13 IR LT, 8834 1T - F U DUBNF, p- VR VRN TF &
-t Fox VBN TFEETH8ETH S,
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BAE ()T AF VRS - =Y F USROS L FIE LK

()
‘ LT \ c{9) C(17)
fo 1750
: ci6) Ct12)) Fo1e
3 P §§ o) \% i) .
Y - cw)' ‘/

(Dol N )

{2
VAT XN CER S
YT V)
oy1# oty / \
o2}
‘. (19} ’

Figure 4 - 5. $5/K 34 O 7H5E @URBIREAEIL 30% D EFERTHRRLE).
Tabled - 13, 851634 DELFEEE Q) LEEAE O

Ru(D-Ru?)  2.7292(9) Ru(2)-Ru(2#)  2.7141 Ru(D)-C(1) 2.012(10)
Ru(2)-C(1) 2.041(8) Ru(1)-C(3) 2.110(14) Ru(2)-C(3) 2.104(15)
Ru(2)-0(2) 2.138(13) C(1)-CQ) 1.413(18) C(3)-0(1) 1.11Q2)
Ru(2)-Ru(1)-Ru(2#) 59.63(3) Ru(1)-Ru(2)-Ru(2#) 60.18
Ru(1)-C(3)-Ru(2) 80.7(5) Ru(2)-O(2)-Ru(2#) 78.8(7)
Ru(2#)-Ru(1)-Ru(2)-C3)  117.1 Ru(1)-Ru(2)-Ru(#)-0(2) 1117

prl~F = U T UG b & CO, & DRIS TR T OREEE - T ppl-~FE=Y T,
p- B VIR =V 33 BVER L - = U T U AR OIS TR p-= F U DV, e AN =0V, pe
b Fux Yk MERLEZ, ZhbOBREREID, p- =V T8R4 & CO, & OISO
#% Scheme 4 - 6 DX HITHEE LTz, MERMT T3 LM 4 DEERBIZRY | 6584
~D CO, DENTIC & - THEME A BERT S, FREA L TRe-HER~D C=OREDHEAK
JEASEAT L CaL=— MNER B & AR ¥ V5K C DEARRIEL 725, B8R C ETCO
HEOUIAEIT LT - IV R=, B FaxEl D B4R L, BREOEWIL>TED
BORGBERIMEDLD EELZLNS, Tihbb, R="BuOBEE Re-HFEG~D g5- B =Y 7
BALF OFBABREITH 5 712012 H,0 OBLEEDEIT U84 33 BEMRT 52, R=HDHAEIL
BHEINNE L RUHBA~DBANRTE THAT OISR M RERT D LHEE L, ZD&
I us-E= D T U8R 4 & CO, L ORINIC X B85 33 2 34 DERG T, —RIZEZLH
TWBRL7— MEERRERT 5B L IR OINVRX VEFRERT 5B T, RuHES
~O CO, DEASIEHEITL TS EEZ BN,
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AT (LT AR UKL 1= ) T U SHED TR R U RS

cleav.

H H
(I: "Bu ‘1: R Nie
4 4. ) c
(.I: ‘\\ - Hzo CH “'v, mns.
%M? - g it X
HO H
oc H c oc H
$
33 (46¢) D (48¢) 34 (48¢)

Scheme 4 - 6. us- =V 7 L85tk 4 & CO, & DRIEDHETE RS HAE.

4-3-2. ZBNT =T LN FZE B FEHKL & TR & ORR

FEA 1 L CO ERURIE. KVBLWERHEDS & THITT D, S 1ICLT1 4ED CO, &
DG %E 180 °C TIT/R D & u-HVAE=)VEEK 32 WAER L72 (Bq. 4 - 17), S HICEEAKR 32130
5 153FD CO ERIG LT, V- NR =), p-A 3% YV §8HE (Cp*Ru)s(u-H)(u-CO)x(u5-0) (35) #3

ERR LT, -fz—-
: : €O, (1 equiv) | / | + H0 Eq.4-17

B

fr “rk‘
/ I\ i Eq.4-18
‘)iC

T
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BAE py(L)-TAX RS -0 =) 7 U8R O E 2R A LBk

$54K 35 [T 'THNMR, P"CNMR, IR ¥ —Z IZESWTRE L, £ R U REMFO L ZF ViR,
6-22.00 pj;m WEE I, Cp*EDT 7 FIViX61.80,183 ppm 2 1:2 TEEENT, u-INH=
VEALFO L7 F 1t 62266 ppm ICBEE Sz, ZHE TIBESRTNE Y IHALT b &
B LT (Table 4 -8), ETEREE T 7 b LT\, p-H/VR = VEALF D B#EIRED T 1786 cm™
&L 1758 cm” 2B &z,

$E1K 35 D43 FHEEIT, THF iR %15 °C THET 2 Z LI Lo THITH L= BaikER 2 A
VTR X BEEMEATIC Lo THERR LTz, 8B1K 35 D4y T#81E% Figure 4 -6 TR L, 7%
AR LERAE Tabled-14 IR LT,

Figure 4 - 6. $514 35 Oy 7#E EURBIRAEIL 40% O HEFETRRLE).

Table 4 - 14. $51K35 DELRFEER A) LEESA ).

Ru(1)-Ru2)  2.7229(8) Ru@)-Ru(3)  2.6855(7) Ru(1)-Ru(3)  2.7154(7)
Ru(1)-C(1)  2.039(8) Ru(2)-C(1) 2.083(8) Ru(2)-C(2) 2.047(6)
Ru3)-C2)  2.068(6) Ru(1)-C(1A)  2.022(8) Ru(3)-C(1A)  2.058(8)
Ru(1)-0(1) 1.996(3) Ru(2)-0(1) 2.000(3) Ru(3)-0(1) 2.001(3)
C(1)-0Q2) 1.159(11) C(2)-0(3) 1.173(7) C(1A)-04)  1.192(10)
Ru(1)-Ru(2)-Ru(3) 60.27(2) Ru(2)-Ru(3)-Ru(1) 60.55(2)
Ru(3)-Ru(1)-Ru(2) 59.18(1) Ru(1)-C(1)-Ru(2) 82.7(3)
Ru(2)-C(2)-Ru(3) 81.5(2) Ru(1)-C(1A)-Ru(3) 83.4(3)
Ru@3)-Ru(l)- 118.9(3) Ru(1)-Ru(2)- 114.56(19) Ru(2)-Ru(3)- 118.9(3)
Ru(2)-C(1) Ru(3)-C(2) Ru(1)-C(1A)

SEIR 351X DD - AN K= NVENL T & — DD s X VBN FEEHT D, 2D IR =)LE
fLF 5 Hb—DIET 4 AA—F—NRR iz, Ru-OFEEERETN20 ATHY, us-t X VEAL
FORER L LTI ETHo T2,

BRI 35 1288k 32 LT CO, OBLAIINIC X o TER LT, ZD X5 REBEESEK LT
D CO, D C=0 FEE DEMTIZ L » THNR=NVENLTF & AF VERMFHIERINDFGIE, Th
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FAE py(D-TAXUEERE - B = F U O 2RI LT RIG

TREHE VT AT UVERORIGR Eq.4-19).%° ZBE ) IF LT =T AT =17 Lok
BORIERHEINTNBEDHRTHY Eq.4-20), ¥ EFFERBLVEETH S,

cO, €Oy
W(CH);(PMePh,), PhaeP— W PHiePh;
23°C o7, Eq.4-19

s MO
AN COy, CoHy
‘/ Cp Ru Mo cp* Eq.4-20

RIS RS 140°C
Cp* C

Me

INDDRERIZESNT, 81 & CO, L DREDWME Schemed -7 DX D ITHEE LI,
SRR LARRT 4 VEHEDRUSIISAMIECHER RRAT 4 VREBTICEM LIz ZE R
U FEEE (46e) DEBESNTND Z 0B, ®CO, & DEISIZEBW T HREKEICHRIE A (6e)D X
572 COMERER L TNDEELBND, Ru-HFEE~D C=0 BEEDHAILL > T, Fi

H

H
H@\/H
H

1(44e) ©=Rucp”

N co,

H OH
C-o 3 c/
o7 ins H C=0  jns. o?
e —H . P ——————
= — o
4 H H Hy
\H/
B (46¢) A (46¢) C (46¢)
C-OH cleav.

o 0
1] /]
H /C\ c CO
C=0 cleav.
(o) &
- H2
35 (48¢) 32 (46e)

Scheme 4 - 7. $8iK 1 & CO, & DRIEDHEE K ISHEHE.

% (a) Bryan, J. C.; Geib, S. I, Rheingold, A. L.; Mayer, J. M. J. Am. Chem. Soc. 1987, 109, 2826-2828. (b) Bryan, J.
C.; Mayer, J. M. J. Am. Chem. Soc. 1990, 112, 2298-2308.

TR W AR, BRI EKF(2004).

* Suzuki, H.; Kakigano, T.; Tada, K.; Igarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem.
Soc. Jpn. 2005, 78, 67-87.
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BAE p(L)-TAF RS 4B = U FUSBSROEELFE LIRS

v — MEEB & ANVRFUEE C BERL, 85k C LTORER- Fux Va0t HO
DFHBEC L > T p-ANR= VB 32 BERT . & IR 32 ~D CO, DEMERISINE Hy D
BB oo TR 35 BB T B LHERE LT,

EEAT =T AR FE R FEER L & CO, & DRIRIT, 180 °C IZHET B URER 545, us-
E= T8R4 L CO, & DRI X VIRFREMH TEIT Lz, MHES~D C=0 FE DA
FISTIE. ERPULORBMEREECTHS Z EBHEHINTVEN, ® ZBAT =T AEED
FUSIZBW TS ps-t' =V F VBN FE2E T 28K TIIEB P OORBERED b THHH D
EEZDBILD,

4-3-3. p-70 VR = JVEAL T D BEBER RS DR

UsE = U F R 413 CO, E UGS L. C-O HADUMNIC Ko THNR=NVENF 2R TS
BB LR, TOANTRNVEMFEI TRAZ—EDPDREBESED Z LR TEHIT,
COu IR E LI ERUISIZ I TORE RFRDD LB, 553 I 4 BT (L) 7 L% 4k
K3 DKRFMBISZ Lo TTNF VEMTFHRRBEL . ZBALTF =0 A0 F e N FiaE 1 3 F
T3 L ERAT, ZIT, prlnF bt = U5, pi LR = U8 33 OAFILR IS ERE L
pra

$EK 33 LAKRLDEUGE 23 °C TITRD L BRODIZ pp-~F TV DU, - NR=VEEE
Cp*Ru(u-H),(u3-CCH,"Bu)(u-CO) (36) BER L T2D B us=~F o U DU BN BEE L CoEiA 32
DAER L (Eq. 4-21), KISOREEE Figwre4 -7 1R LTz, ‘

Y re ™ RS

1}' H, C / i \H
cp* Rlu-am‘ Ru Cp* ----:-»(:p Rtu-e: -gsRu-Cp* SR _____/ Eq 4-21
ot ..—-/R"—" Be oc—"?R“\H we i(‘ /)j
cp* Cp*
33 36

$8/K 36 13 'H NMR, C NMR, H-H COSY, HMQC ik E-SWTHEE LKL, & N FEAFO
TR, §-6.22 ppm B SN, CprEED TSI 61.551.97 ppm iZ 1:2 TR 7 -
FIZBRENE, ia-~F vV O VBMF D a REO LT F V11 5396.9 ppm IZBIER I, -7V
XU OUVEMTFO a REDEE LT—ROREThH o1z, © p W VRNV F O TS
256.8 ppm IZBIE I N, TOMES - I NVE= VB FOBEE LT—RRETH -7 (Table 4 -
o

* See chapter 3 section 2 table 3-3..
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FAE p()-TAFEEERE u-t' =V 5T U 8EEOEE SRR LG

KBEEZEA LT ERIZEEE 33 3K Lok
100

36 BER L., TO%HEE 36 DM LTSS 32 80 |
DM U7 Figure 4 - 7). $54K 32 DARK L 1T E . rr
GRONFYUBRERT ST L% 'HNMR T 3 "3
U, BUSBISST IR | DAERATRS 8 :: i
NI ORI DR ITBIE Shizipo Tz, o A A 3

-
[~ 24
o

200 300 400
Time/h

FEIEFIEHT, u)-TAX8EK3 0Sm 0
NI & o THERT D0 FA A pa(L)-7 0%
VOBIE 15 IXPREDSER & el L TR B kR Figure d -7, G5fk 33 DASLRIE (23 °C).
RISRIGHEITT D Z e 2B, Zhh DT L, 83307 n Mo k> TERT
AT A MEEETH R, BRI TORBERISHERIETTA Z N aNnG, £ 2 08
B33 D7 a bk L EDERBOKFSISERET Uiz,

gk 33 O ML Ko THF AV u-l-~FE =V F o, I NVR =LK
[(Cp*Ru)s(u-H)2(u3-CCHBu)(u-CO))[BF,] (37-BF,) 4R L7z (Eq. 4 -22),

H H +
L-Bu LBu ] BF7
c//\ 4.,
- Ru/l »..Ru o i comR /<I= ~..\Ru . Eq. 4-22
- —— - - u - - 3
NI~ . DNy H/ P
__Ru=—H 23°C _RuF=—H
ocC oc /
Cp* Cp*
33 37-BF,

851k 37-BF, /%, 'HNMR, “"CNMR, H-HCOSY, HMQC, R7—# KESVWTRAELE, E
FY FEALFDLZF T 6 —19.03 , —-15.74 ppm IZIBEZ 2.0 Hz DA v 7V T aEEST
doublet TEER Sz, Cp*EDT 7T Vi3 61.751.83,1.91ppm (2 1:1:1 TEESNIZ, ps-l-
~FE=U T UENMF D B KSR 6 5.44 ppm T doublet of doublets (Juy = 10.0 Hz, 2.8 Hz) THi£S
Shfe, THUILn-T FAED HBEED Corlk L DIAERREI Lo THRISh, y oA F L
KEEDOH YT Y TREEMCBEINDZDTH D,

prl-~F e =) F BT O o BRI 685.0 ppm 12 157.7 Hz DA v 7 Y ¥ 7 % fko> T doublet
TEE I, BRFIT 63244 ppm IZBIE SN, p-HNKR VBN F DL 2 F Vi 62404 ppm
BB SNz, p=-AANR=VERMTOWFERENT 1774 cm™ IZBE Shi-,

W TEER 37-BF, ZKFILRBIIH LI L ZA, prl-~F =V FUBRMTRBBEL T, &
F A A p- T VR=VEERE [(Cp*Ru)s(u-H)a(u-CO)][BF] (38-BFy) 234k L7 (Bq. 4 - 23), KIS
DFRIEZ L% Figure 4 -8 (2R L7z,
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FBAE pp(D)-ThxAREE p- 0= ) T SR OFE LRI LI BUS

H +
L-"Bu —] BF; ;Iz _] BF;
C//” H Ru H
/ ~.\ 2 / \/ 4 By
CP*'RU'=I.—_—-Ru-Cp* — \ +
ISIEZ Ré——Ru _/ Eq. 4-23
_~Ru=—H 23°C XN N
oc”y c
Cp* o]

$E1K 37-BF, DK RALRL TiLsstk 37-BF, Dl &

HIZEE1A 38-BF, MSAERL L, $51K 38-BF, L IZIEHE
DY HIGBE LT, BUSBRIRERIC ) F A o~
Xt FU Feglk 27-BF, 23R L7232 D%
DETFIIBERINR D> T (Figure 4 - 8),

$E4A 38-BF, iL u- W VR = V8B 32 DS 1 kAT
Lo THIBER L TRIZE LK (Eq. 4-24),

¢ 37-BF4
| 38-BF4
A 27-BF4

Distribution%

0 100 200 300
Time/h

Figure 4 - 8. $5/K 37-BF, D/kKBILRG (23 °C).

‘fR" > e

| HBF4 \ H,

ji( Sviy }ig"\ ,R;)j( Eq 4-24

38-BF,

851K 38-BF, iX 'H NMR, C NMR, IR ¥ —Z IZESWTREELKE, & FJ FRAEFOT T
ViX 6-12.55 ppm, Cp*ED T 7 FNiE61.99 ppm ZZENFNEMZBEIN, u-H/VER=VER
AP OBNBEEIOEFEENTFR I N, —80 °C CHIELZHFEATH, b N FEREMT& CpxED
YT FTNDORARICERL . ThEREMMBE SN, 7o F AT BRIDEE32 D B
REEALF D 7 F )V & CpriD Y 7 Fi% 23 °C Tl F N+ 6 -12.09 ppm, 6 1.91 ppm (224
BRI, —80°C Titt F U FEMFD V7Tt 6-21.47,-12.09ppm |2 1:2 T, Cp*EED
T FNVES1.86ppm T B— RICBIEIN D, *° ZORBRIT, 881K 32 O p- b VB = VBN F
BZOORu-RuFEA EEZBEILTWAHZ L ZRL TS, 54K 38-BF, b R HHE T u- I LR
SR FRBE LTS EEX RS,

$H14 38-BF, D u-H VR = VRN F D 7 FVid 6 260.4 ppm I(ZBIE S, C=0 & & DIHFEIR
BT 1774 em™ KBE SN, ZhbOEIEE 32 LIZIER U ThoT, »
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FAE p(W)-TNAF U8R E p- U= 0 7 e DOFE LRI LI BUS

$EK 38-BF, D FHEEIX, TR MNAVZFAT—FTNEREE 23°C THRETDBZLIZE-T
WHLZBE 7 v v 7 REERE AWV TSR X SEEREITIC X o THERS L7z, 851K 38-BF, D%
FA B ONTHEES Figured-9 IRL, ERFEERLHEEAL Tabled - 15 ITRLT,

of31)

Figure 4 - 9. $5{K 38-BF, DU F 4 L Ho D5y FHEE GUREIRMAMIT 40% O EFERTRRLE).

Table 4 - 15. $&/K38-BF, DEEAE Q) LESA O.

Ru()Ru?)  2.7005(5) Ru(2)-Ru(3) _ 2.7020(4) Ru(D)-Ru(3) _ 2.7176(4)
Ru()-C(1)  2.026(2) Ru(2)-C(1)  2.0132) C(1)-0(1) 1.173(3)
Ru(1)-Ru(2)-Ru(3) 60.400(9) Ru(2)-Ru(3)-Ru(1) 59.773(13)

Ru(3)-Ru(1)-Ru(2) 59.827(8)

Ru(3)-Ru(2)-Ru(1)-C(1)  149.33(11)

S5k 38-BF, 1L - W VR NVEBR F 2B T3, SHAT =7 AEE & AR VEMTF DR
FEEIT 14933(11) °Th D |, $5HR 32 DIEL HBILTHIT° K& < 2o Tz, ©

SEBE LR E TCRBERB O IV R =NVEMFORBERS IO v 7Y v I RIS EITL
RipoTzd, TNHD pANR=NENTFERTTHHEEORBRIGCEEETOD v 7Y 7
FIGEBRSTBZLICE» T, 5B FRFI—2HAVE CO, ZEBEETIRAERET 00
ERNEBONDLbDLEZDND,

0 g ET, SR, FRLHEKE(2005).
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ESE RE

BRI FUSIE EROBREROBRERIC L > TEE 2 D RTEMILT 5. €D—H T,
LI LIXB ARSI OBFECRISICEWVREREANRLERZ L PHE L 2D, )7, BEE
BAEESIIEBR T LDORBEBEICHET S Z LItk o T &WVBREZEILL T35, FTE
MREZECTE ZEBH LI L 2BAZDR] & RN FIC LD RISHEORIE 2R3k s 72
Z— T T RE BB L TE T,

£ 1ETHE, FIBWERIXZNE T multimetallic activation BFIRETR Y T A F —DRAFHIZR
BREZER L BB T =T A0 F e FU PR 1 L IRILKFRE L ORIGZERICR
HLTERI 2R, ZOX3RMERCESOTEE 1 L IRILAREE ORIETIE. mpb)-
TFx AAERINEERBETHY, ZOEKENFLTTAIY TATY ThFER L Vxv
DIREEBRNPFRETH D Z & 2R Ui, AR Tlishis 3 OMERRMMEZRITT2 Z LIk
> C AR ERERRUGRREG T OBBELH S A RERELARGEIET5ERZHL
ML, RISORBEICRET 2MRAE/RIILERMLTIIL BTz,

F2ETIL SR 3 OTAF VEM T OBHEEII B LT TEREOEBIZ VTR LIk
RiIZOWTHRATe, BATFOBEE SIIER-REFBEOMEEZRBRLTEY, £OEEIOMHN
ILL o TEBHLEBREFOMEERIC OV TOMANELNE LEX OIS EFEIOT LY
VERAL X EREa T RO T VR RS LMD T N F VIREBZEIZANED D X 5 Rk,
T720D switchback motion BHETEBTLEZBETH Z LBHLNIINTND (Figure 5 -
o 7= VEDRIAEBR UL —ED p()-7 = =ATEF L U#EE Ba-R) Tid.
switchback motion DRV B S HE X HBHMEDETHREBL DL EEETZDHLEZDN
B, TNOLDEEDOHA 7V v 7 RAEES T ARBEEL, $AEO HOMO QTR LXK —L-b
& T NF VBT D mobility DHBBERET LIz, TORR. EFRFMEBEHREIIHEAK D HOMO
DERNAF—L_XAVEERTIRDZLREL>TTAFUEBEMTFOEBE ZMH L TWEZ & E2H
Lz L7z Figure 5- 1), 5. ZHb—HDO T = =7 B F LVUERUANOT V% VEMNTF &
BT BEEEICRBOTL, BREDONENRPIEIOFELEETHY, HOMO DR/ F—
L~V DR TEMTENT T mobility I CTE 722 L 2FER LT,
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it
5y
o

Energy Level
AG¥ 208 kT keal mol ™

-500 -450 -400 -350 -300

@ =Cp*RuH

E1/2 01 ImV

Figure 5 - 1. 851K 3 O7 V% VEBALT DBIIZEE (switchback motion) DEETRNF—T 07
7A N (EX) &8 3a-R D 0/+1 fEERLIRITENL & switchback-motion DIEMEALT
FF—DHHE (EX).

FIETIE. s)-TNAXAEE3I DT 0 N ALEREIL, W TFAUESERETOT AR VE
WLF DEREBDFUMENIZ OV TER LR RE BT, » SEVEBRESCHI T VX 28
PLFIZHT D88 {Cp*Ru(u-H) }s(us77(L)-R'CCR?) (3a; R' = Ph, R =H, 3¢; R' =By, R>=H, 3e¢;
R' = Ph, R® = Me, 3f; R' = Ph, R? = Ph) TiZ, JFA M py-7 /L% 88K [{Cp*Ru(u-H)}s(us-H)-
(us-117:7(L)-R'CCR?)][BF,] (15a-BF,; R' = Ph, R> = H, 15¢-BF,; R' = By, R* = H, 15¢-BF,; R! = Ph, R?
=Me, 15f-BF;; R' =Ph, R>=Ph) DVERL L7z (Eq. 5- 1), $&1&K 15e-BF, O switchback motion DIEME
LT RN F —I3EEK 3e DIE & B U TR d keal mol ' i LCERY | I F A UMK TII T L%
VEMFVRBESL RoTWH I L MR L,

1 F 7 VEGE S 15e-BF, DIRBE P 'H NMR BB IZ B W TR E E OB E KV FRAF& =
HEMEE Y FRAFOBRCBRABE SNz, Z OTHRITH FRREROTA & RH U CH#ST
TBLEZDNFH /2 2 EFEM T IR LB AR ROMBMNER R 5 2 & 2Rg
LT3, S5k 152-BF, & —ER{LIRTR & DRUS TIIAKE DBBEL CO DIEIBAL~DENL % FERE L
72 (Eq.5-2) |

R R o
LN HBF, R ~en;
ﬁ ,H {1 equiv) f’/ H
Cp -Rlu-\f ——h/Ru-Cp —°> Cp’ -l?u{kf /\/R'u—CP* Eq.5-1
SRuy 23°C HNRu=Zy)
H™ ¢ AV
cp* Cp*H
3 15-BF4

alkyne = internal alkyne, phenyl acetylene, t-butyl acetylene
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BSE R

Ph + Ph +
H, | _l BFy H, ] _| BF;
C
cp* RL&—, Hetpy cpr » CP* Ru\-l H\Ru-CP Eq.5-2
: \\ //: H
N 2 oc’/Ru "
c{*\ H
15a-BF, 18-BF4

PSR 3a DEREBIIGIZ 170 °C TRIGHHEIT LT 2,3 fLIZ B UV RBIHER L7z closo
BNTFoaXrZ U R 2a BERTD Eq 5 -3). N7 X VEMNF2ET A
3e X° 3f TIERBRRRIGEMH CEBREBRMUSITEIT LRV (Eq. 5 -3), TR L THF A4
$EIE 15a-BF, TIZ &L W EWEE CRIGHDEITL T, 34 MIK_VEVRMBR LI F 4 i
closo BENVTFF a2 Pz 8K [(Cp*Ru)(Cp*Ru-us-n*7*-CH-CoH,-CH)(u-H),| [BF 4]
(19-BF,) BSERL LT (Eq.5-5). WE T VF VEN T 2H T 585K 15(-BF, TH 60 °C TEHLH#
KN EFTLTHIFF M coso BALVF FruXy 2P vER
[(Cp*Ru)o(Cp*Ru-t3-17":11*-CsH,-CH=CPh)(u-H),] [BF,] (20-BF,) 2S4RE L7= (Eq.5-6), 7. T/
F VRR LIZAFNEEE T H651K 15¢-BF, DB HREBRIIS Tit pARRBERGNEITLT, &
FA 1T = =)= b U RIS EER[(Cp*Ru)s(us--CPhCHCH)(u-H)s] [BF,] (11-BF,) 234
mL7 Eq. 5-7)

o Pl
W, | |

—C. Ru
s X
Cp* Ru‘ = --—>Ru e S7C W
R oD
'!I ,/Ru{,.,/ 170°c fz\@c@“ R/u)\j Eq.5-3
Cp*
3a 2a
Ph
T
c/'
I,\< »
Cp*-Ru=\" \Ru -cp» — > No Reaction Fa.5-4
1!1>R"{"/ 160 °C 1
Cp*
3e (R=Me)
3f (R=Ph)
4
+
T >3 |
C’c Py s
-H
Cp*- RI'\/ : Tn/“é ) HT
u N ey LD
//' Tsoc )'\%f" RgrRud Eq.5-5
)
cﬁ*\ﬂ (\,/)
15a 19
Ph + _ﬁz_ +
Ph é ] | B
c— R
s e AN
Cp*- =\T —-Cn*
TN e LS N, Eq.5-6
Ru===H 60 °C L\ e, &
N =/ 'H
cP“H
15f 20
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BSE BE

Ph * .
w 11 ]
IC7C~.\ -Hp H, ::?.c.‘:::c‘H
AN RS NN Eq.5-7
I / Ru H
cp*H -
18e 11

INBDRRND, 7= SAER fAREBIIR pp(L)-7 % R OB IS T,
7% C=CREQDYINC £ T AT A% ) DUSERAERT 5 2 LS FRE NI, FB
T FATEF L R BALFICET 58506 3f OB ARG 180 °C TEIT L, pp- R AV
F VDU, pm AF D DB (Cp*Ru)s(us-CBu)(us-CHY(u-H) 21) R L7 (Eq. 5-8), 8514 3f
DT b AR > TEDLIND I F A SRR 15f-BF, TIXE S I RIGHHEST L CRRDO B %
FFO N FA SRR 22-BF, D3R LTE (Bq. 5 -9).

By Bu
H é |
N [ Hz i Eq.5-8
Cp*-R"% He=py-cp* Cp*-RuU—- —R.u—cp* q-5-
._Il/Ru-_/H/ 180°C Nyt
c{* cP;?
H
3c 21
g, + [ +
H, |" 1 BF; B|u ——I BF;
/c‘
isprer "
Cp*-Ru=\|-~==Ru-Cp* —— 3 Cp*-Ru—|——Ru-Cp*
HDR=Z 40°C HruZ Eq.5-9
nN /S 1/
Cp*H CP"?
H
15¢-BF4 22-BF4

BEHEDOT VXN ERLRIGT V% 2 2B FICAT 88 {Cp*Rulus-H)}s(us-7"1°(L)-HCCR)
(3b; R="Buy, 3i; R=Me) D71 b AL TIZ, IFF UM ps-T A% U 288K [{Cp*Ru(u-H)}s-
(4s~CCH,R)][BF,] (14b-BF,; R = "Bu, 14i-BF; R' = Me) R&ER LTz (Eq. 5-10), FHOD py(L)-7
FUEER 3 Lo ps- B = U T U EEE 4 IR T THRERRIRIC R Y . T OFEIIERE DA
BPESESCREBRERERT D, 7 2= VED LS R SHVEREZE T HEITITHEMIT
BEEMIZKRE B> TRBY DEDNSVEHDTFLVEDHE TRIZTFEDREY L 72
5, Tiabb, 7u P AL TSR SN BBREICKAE LB, v F 4 o gsk BT
b m(L)-TNAF RS p-E =) T USEEDFER B Y | p-B = U T USRI BRI R E
RBATHRUHBE~DBARRZY , IF AW - TAF Y DR U BNERT B L %
LTS,
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B5E KBE

o BF;
R é HBF4 j
c’ ’ (1 equiv)
Cp* Ru‘ = ARu -cp* Cp*-Ru<l-—>Ru-C * -
H/R“{“ 23°C ) ’ Eq. 5-10
Cp* cp*
3 14-BF,

alkyne = terminal alkyne (linear alkyl substituent)

FEAETE, RETAFVEBEMFICETD i()-TAF U 8EE 3 T -t =0 F 88k 4 &
BRLUTHIST2Z EE2HLMNIIL, ZOFEEFIR LIISIZ oW TR,

1~ BB L7288 30 137 = = VT2 5 U VU BENL U 72 8E R 3a lC b R TR S I —Bb
REBEELBRIG LT (Bq.5-11,Eq 5-12), ZHidsEE3b OB = ) FUSEKICER LTV
DTHDEBZLN, BRIZ 1-~FE= )7 U84 2FIREAM L T—BILKE L ORGE R
L& ZABERHIZKIEG LT (Bq. 5 -13),

Ph
CHZ
c-—-c co Heg
(1 atm) RN Y
cp* Ru\- ;Ru cp* — Cp* Ru— — /Ru-cp* Ea.5-11
H/R"~u 23°C,62h e 4"
Cp* g
3a 17a
n?u
H
c,c co c
{1 atm) yARN
Cp* Ru= = Anu-Cp —_ 5 CP*-Rum—|ap-Ru-Cp*
Sk o | >k e | Eq.5-12
H// H 23°C,6h oc—y Y~co
Cp* cp*
3b 28b
"Bu
H
1 JBu
/‘? co 1
‘ {1 atm) Iw_
Cp*-Ry ‘ AR -c —_— % Cp*-Ru =Ru-Cp*
INL =7 " : | Nz Eq.5-13
H= Uy 23 °C, 5 min oc// ~~co
Cp* Cp*
4b 28b

INODRERDD ., RIBT LR EERIIE =Y F U2 BB LRSI HEITL, E=0 57
SEERET N X USRI bRORIMEE T2 Z LB bN L Ro Tl R TE =) FUdbih %
REIHD Z LI I > TRISMEDIENEEOIEMALPEITT B Z LR THREND, $843b & =
BRALIRSE & DRUSERR Lz, $81K3b % 1 atm O ZB{LRFFFESKT. 80 °C THET 3 &,
GEE 3b [TERDINE I~F = U F 8K 4b & OFHEHRAMICRY . K FOBBER - T 1-
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HSE RIE

AXE= YT U, - IR = NEER 33 AR L2 (Bq.5-14), ZHIZH L, ZBAT =7 LY
b FU REEL & ZBLRE & ORETIE 180 °C TMET IUNERH -7 (Bq. 5-15), ZD
ERIT, t2 VT VBN TICE > TEBFLORBERFEDO O TWH Z L EZREB LTS,

nau ' "Bu I;I ng
c £~ CO, /c’ "
° g (1 atm)
Cp* Ru\- H\Ru cp* _>CP Ru4|H\/Ru -Cp* 3 CpL Ru—l Ru cp* + Hy0 Eq 5-14
H/ Ru<Zy! go°c | /Ru-H 80 °C O‘I: /Ru——H
cp* Cp*
3b 4b 33
; 2 CO2 ; 2 CO2 ;lz
i {1 equlv) /l\ (1 atm) oc’ | \co Eq.5-15
\

W S

KFEZBLT, BN J NEALFOBBELE L, &BH O EICEARIREFh A 2RI ED
LR o TTNF VB FOBREBRFUSHES\CETTHZ L ERA LN L, 2, TV
FUMEI L U= T UBEREDFEERIGD & 5 IR REN T OBMEREEL D Z LITX
2T, VTR —DRIGHEEZRDDZ LM TEL I L BN LI, 5HBITZ DX 5 e RIKRENAL
FOERMRRDEDR RS FRAEZ—DRUSHEERD DO EMATDHZ LIZL > T H LW
7 AZ—DEETERCRIGOREHIRN T 2B/ OND Z LW HFIND,
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Experimental Section

General. All experiments were carried out under an argon atmosphere. All compounds were treated
with Schlenk techniques. Dry toluene, tetrahydrofuran, pentane, methanol, ethanol, and acetone used in
this study were purchased from Kanto Chemical Co., Inc. Diethyl ether was dried over
sodium-benezophoenone ketyl and stored under an argon atmosphere. Dichloromethane was dried over
diphosphorus pentaoxide and stored under an argon atmosphere. Decane and 1,3,5-trimethylcyclohexane
were degassed and charged with an argon atmosphere, and dried over molecular sieve 3A. Benzene-ds,
toluene-ds, and tetrahydrofuran-d; were dried over sodium-benezophoenone ketyl and stored under an
argon atmosphere. Acetone-ds and octane-d;g were degassed and charged with an argon atmosphere, and
dried over molecular sieve 3A. Triruthenium pentahydrido complex {Cp*Ru(u-H)}:(us-H), (1) was
prepared according to a recently published method {1].

Instruments. 'H, °C, '°F, and *'P NMR spectra were recorded on a Varian INOVA-400 spectrometer.
"H and ®C NMR spectra were recorded with tetramethylsilane as an internal standard. °F and *P NMR
spectra were recorded with trifluoroacetic acid and 85% aqueous phosphoric acid as an external standard,
respectively. IR spectra were recorded on a Nicolet AVATAR 360 E.S.P. spectrometer. Elemental analysis
was performed with a Perkin-Elmer 2400 Series CHNS/O analyzer. The X-ray crystallographic studies
were performed on a Rigaku RAXIS-CS and RAXIS-RAPID imaging plate with
graphite-monochromated MoKa radiation (A = 0.71069 A).

Chapter 2
Prepai‘aﬁon of complexes.

A series of ys(L)-phenylacetylene complexes {Cp*Ru(u-H) }s(us-"#° (L)-p-RCH,CCH) (3a; R = H,
3a-OMe; R = OMe, 3a-Me; R = Me, 3a-Br; R = Br, 3a-CF;; R = CF;, 3a-NO,; R = NO,) was prepared
according to previously published literature [2]. ss(l)-Alkyne complexes {Cp*Ru(u-H) }s(us-1"
(1)-R'CCR? (3d; R'CCR? = CsHs, 3e; R' = Ph, R? = Mg, 3i; R' = H, R* = Me) were also prepared

! Suzuki, H.; Kakigano, K.; Tada, K.; Igarashi, M_; Matubara, K.; Inagaki, A.; Ohsima, M.; Takao, T. Bull. Chem.
Soc., Jpn. 2008, 78, 67-87.
? Murotani, E. Master s thesis, Tokyo Institute of Technology, 2000.
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according to previously published literature [3].

Preparation of {Cp*Ru(u-H)}s(us-1":5* (L)-PhCCPh) (31).

A 50-mL Schlenk tube was charged with a triruthenium pentahydrido complex 1 (117.2 mg, 0.164
mmol), diphenylacetylene (61.7 mg, 0.346 mmol), and toluene (10 mL). The solution was stirred at
100 °C for 48 h. The solvent was removed under reduced pressure, and the residual solid was purified by
the use of column chromatography on alumina (Merck Art. No. 1097) with toluene. The solvent was
removed under reduced pressure, and a complex 3f was obtained as a dark-brown solid (108.4 mg, 74.3%
yield). "H NMR (400 MHz, C¢Ds, 23 °C, TMS): 6 ~25.23 (b, w12 = 45.7 Hz, 1H, Ru-H), =9.11 (br, w1p =
15.4 Hz, 2H, Ru-H), 1.64 (br, wi» = 26.3 Hz, 15H, CsMes), 1.74 (br, wyp = 15.0 Hz, 30H, CsMes), 5.89
(br, wi, = 22.7 Hz, 2H, Ph), 6.74 (br, w1, = 32.7 Hz, 1H, Ph), 6.9-7.2 (m, 4H, Ph), 7.39 (b, wyp = 24.5
Hz, 2H, Ph), 7.50 (dd, Jug = 8.2 Hz, Jun = 2.2 Hz, 1H, Ph). °C NMR (100 MHz, C¢Ds, 23 °C, TMS): &
116 (g, Jen = 126.6 Hz, CsMes), 12.1 (q, Jon = 126.6 Hz, CsMes), 74.3 (s, PhCCPh), 86.1 (s, CsMes),
91.7 (s, CsMes), 120-131 (s, Ph), 148.5 (s, ipso-Ph), 149.8 (s, ipso-Ph), 172.6 (s, PhCCPh). IR (ATR,
cm™): 3056, 2974, 2900, 1584, 1370, 1262, 1095, 1070, 1024, 809, 756. Anal. Calc. For
CsHssRusCH;0: C, 59.91; H, 6.91. Found: C, 59.74; H, 6.99.

X-ray Structure Determination for 3f.

X-ray quality crystal of 3f was obtained from a mixture of THF and methanol at =30 °C and mounted
on glass fibers. Diffraction experiment of 3f was performed on a Rigaku RAXIS-CS imaging plate with
graphite-monochromated MoKa radiation (. = 0.71069 A). The structure of 3f was solved by the
Patterson method and subsequent Fourier difference techniques and refined anisotropically for all
non-hydrogen atoms by full-matrix least squares calculation on F* using SHELX-97 program package.
The positions of the hydrogen atoms bonded to the ruthenium atom of 3f were located by sequential
difference Fourier synthesis and were refined isotropically. Crystal data and results of the analysis of 3f
were listed in Table S - 1. An equivalent of THF was contained in the unit cell. Molecular structure of 3f

was shown in Figure S - 1.

3 (a)Takao, T, Kakuta, S.; Tenjirnbayashi, R.; Takemori, T.; Murotani, E.; Suzuk, H. Organometallics 2004, 23,
6090-6093. For 3d. (b) Takao, T.; Takaya, Y.; Murotani, E.; Tenjimbayashi, R.; Suzuki, H. Organometallics 2004, 23,
6094-6096. For 3e. (c) Takemori, T. Docforal thesis, Tokyo Institute of Technology, 2001. For 3i.
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Figure S - 1. Molecular structure and labeling scheme of 3f with thermal ellipsoids at 40% probability level.
THF was omitted for clarity. Selected bond lengths(A) and angles (deg): Ru(1)-Ru(2), 2.8049(5);
Ru(2)-Ru(3), 2.8443(5), Ru(1)-Ru(3), 2.7781(6); Ru(1)-C(1), 2.271(3); Ru(2)-C(1), 2.154(3); Ru(2)-C(2),
2.050(3), Ru(3)-C(1), 2.261(3), Ru(3)-C(2), 2.075(3); C()-C(2), 1.411(4); Ru(1)-Ru(2)-Ru(3), 58.909(13);
Ru(2)-Ru(3)-Ru(1), 59.839(11); Ru(3)-Ru(1)-Ru(2), 61.253(10), C(1)-C(2)-C(9), 130.3(3); C(2)-C(1)-C(3),

120.6(2).

Table S - 1. Crystallographic data for 3f.

(a) Crystal data (b) Intensity measurements

Empirical formula CasHssRusCHO  Diffractometer Rigaku R-AXIS CS
Formula weight 962.22 Radiation MoKa (1 =0.71069 A)
Crystal description  Block Monochrometer Graphite

Crystal color Brown 28max (°) 60

Crystal size (mm) 0.60 x 0.55 x 0,33  Reflections collected 41624

Crystallizing THF/MeOH Independent reflections 11412 Ry, = 0.0378)
solution (-30°C) Reflections observed (> 20) 10241

Crystal system Monoclinic Abs. correction type Numerical

Space group P2/e (#14) Abs. transmission 0.8459 (min.),

a(A) 11.698(2) 1.1567 (max.)

b (R) 15.513(3) (c) Refinement (Shelx1-97)

c () 23.905(4) Ry (I>20(])) 0.0375

BC) 94.109(6) wRy (I > 20()) 0.1023

Volume (&%) 3226.1(11) R; (all data) 0.0431

Z value 4 wR; (all data) 0.1051

Do (g/cm?) 1.477 Data / Restraints / Parameters 11056 / 0/ 497
Measurement temp.  —20 Goodness of fit on F* 1.154

°C) Largest diff. peak and hole 0.680 and -0.898 ¢.A™
u# (MoKa) (mm™) 1.067
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Preparation of {Cp*Ru(u-H)}s(us-1":5* (1)-MeCCMe) (3g).

A 50-mL Schlenk tube was charged with a triruthenium pentahydrido complex 1 (91.1 mg, 0.128
mmol), 2-butyle (20 pL, 0.256 mmol), and THF (5 mL). The solution was stirred at 23 °C for 19 h. The
color of the solution turned from brown to dark-green. The solvent was removed under reduced pressure,
and the residual solid was purified by the use of column chromatography on alumina (Merck Art. No.
1097) with toluene. The solvent was removed under reduced pressure, and a complex 3g was obtained as
a dark-green solid (48.6 mg, 49.6% yield). "H NMR (400 MHz, toluene-ds, —80 °C, TMS): 6 —25.33 (s
1H, Ru-H), —8.48 (s, 2H, Ru-H), 1.54 (s, 3H, Me), 1.87 (s, 15H, CsMes), 2.10 (s, 30H, CsMes), 3.24 (s,
3H, Me).

Preparation of {Cp*Ru(u-H)};(us-#*:%* (L)-CF;CCCF;) (3h).

A 50-mL Schlenk tube was charged with a triruthenium pentahydrido complex 1 (48.9 mg, 68.5 nmol)
and toluene (10 mL). The solutiqn was frozen by the use of a liquid-nitrogen bath, and then the tube was
evacuated. After the tube was warmed up to 23 °C, 1 atm of hexafluoro-2-butyne was introduced into the
tube. The solution was stirred at 23 °C for 19 h. The solvent was removed under reduced pressure, and a
complex 3h was obtained quantitatively. 'H NMR (400 MHz, THF-ds, —70 °C, TMS): 6 —23.88 (br 1H,
Ru-H), —3.77 (br, 2H, Ru-H), 1.81 (s, 15H, CsMes), 1.97 (s, 30H, Csiles). '°F NMR (376 MHz, THF-ds,
=70 °C, CFCls): 6 —48.9 (dq Jrr = 124.0 Hz, 17.0 Hz, 2F, -CFF5), -47.7 (t, Jrr = 17.0 Hz, 3F, -CF3),
—45.1 (t, Jr.r = 124.0 Hz, 1F, -CFF,). Anal. Calc. For Cs;HugFsRus: C, 46.93; H, 5.54. Found: C, 46.67; H,
5.57.

Electrochemical Studies.

The cyclic voltammograms were recorded on BAS CV-50W and HOKTO DENKO HSV-100. The 0.1
M solution of ["BusN][PFs}/THF was used as supporting electrolyte. THF was dried over
sodium-benezophoenone ketyl and stored under an argon atmosphere. Tetrabutylammonium
hexafluorophosphte was purified by recystallization from THF. The concentration of each sample was
prepared about 1.0 mM. Measurements were performed at 23 °C in electrochemical three-electrode cell
with the Ag/Ag+ (["BwN][PFs}/MeCN) reference electrode. The working electrode and the auxiliary
electrode were a platinum electrode and a platinum wire, respectively. The linear sweep voltammogram
was measured on HOKTO DENKO HSV-100 using a rotating platinum disk electrode under an

atmosphere of argon in glove box. A diffusion coefficient D and kinematic viscosity v were estimated
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from Levich plot of the redox process of a ferrocene {4].

Variable-Temperature NMR spectra and Dynamic NMR simulations.

Variable-Temperature NMR studies were performed in flame-sealed NMR tubes in toluene-d; for 3e, 3f,
and 3h using a Varian INOVA-400 Fourier transform spectrometer with trimethylsilane as internal
standard. NMR simulations for the Cp* signals of 3e, 3f, 3g, and 3h were curried out using a gNMR
v4.1.0 (©1995-1999 Ivory Soft). Final simulated line shapes were obtained via a trial-and-error parameter
search upon the exchange constant %, The rate constants & that accurately modeled the experimental
spectra at each temperature were also shown in . The activation parameters AH* and AS* were determined
from the Eyring plot. The standard deviation in AH* and AS* were determined from a standard deviation
(0) in the slope and y-intercept of the Eyring plot. The standard deviation in AG* were obtained from the
formula; 6(AGH? = o(AHY? + [Ta(ASH)? — 2To(AHY)o(ASH). The activation parameters for 3g were

previously obt?lined [51.

# Ohashi, M. Unpublished results.
3 Takao, T. unpublished results.
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Figure S - 2. Variable-temperature '"H NMR spectra of {Cp*Ru(u-H)}s(us-"#" (L)-PhCCMe) (3¢) in
tolune-d; showing Cp* signals with results of simulation.
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Figure S - 3. Eyring plots for the site-exchange processes of the Cp* signals of 3e.
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Figure S - 4. Variable-temperature 'H NMR spectra of {Cp*Ru(u-H)}s(us-7":#" (L)-PhCCPh) (3f) in
tolune-d; showing Cp* signals with results of simulation,
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Figure S - 5, Eyring plots for the site-exchange processes of the Cp* signals of 3f.
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Figure S - 7. Eyring plots for the site-exchange processes of the Cp* signals of 3h,

114



EROE

Oxidation of 3e,

A 50-mL Schienk tube was charged with a ys(1)-1-phenyl-1-propyne complex 3e (36.5 mg, 44.1 pmol),
toluene (3 mL), [Cp*.Fe][PF¢] (17.5 mg, 43.6 pmol). The solution was stirred at 23 °C for 2 h. The brown
precipitate was formed. The solvent was removed under reduced pressure, and the residual solid was
washed with pentane (5 mL x 4). The brown precipitate dried in vacuo, and a paramagnetic complex
KCp*Ru(u-H) }s(us-":17(L)-PhCCMe)][PFs] (9e-PFs) was obtained as a brown crystalline solid (38.0
mg, 88.6%). 'H NMR (400 MHz, acetone-ds, 23 °C, TMS): 6 24.94 (br wy;; = 375.1 Hz, 30H, CsMes),
28.52 (br wy» = 750.2 Hz, 15H, CsMes). Anal. Caled for CoHseFsPRus: C, 48.14; H, 5.80. Found: C,
47.71; H, 5.58.

Reduction of 9¢-PF,.

A 50-mL Schienk tube was charged with a complex 9e-PF¢ (7.1 mg, 7.3 pmol), THF (1 mL), Cp*,Co
(4.1 mg, 12:4 pmol). The solution was stirred at 23 °C for 2 h. The color of the solution turned from
brown to dark-green. The solvent was removed under reduced pressure, and the residual solid was
extracted with toluene and purified by the use of glass filter on celite. The solvent was removed under

reduced pressure, and the complex 3e was quantitatively yielded.

Oxidation of 3e~ Preparation of {{Cp*Ru(p—H)}s(pa-qs-C(Ph)CHCH)] [PFg] (10-PF,).

A 50-mL Schlenk tube was charged with a complex 3e (35.0 mg, 42.3 umol), toluene (5 mL), and
[Cp.Fe][PF¢] (28.9 mg, 87.3 pmol). The solution was stirred at 23 °C for 3 h. The brown precipitate was
formed. The solvent was removed under reduced pressure, and a 1 : 1 mixture of a paramagnetic complex
9¢-PFs and y3-1-phenyl-diruthenaallyl complex 10-PFs was obtained on basis of "H NMR spectrum of
the residual solid. The residual solid was purified by the use of column chromatography on alumina
(Merck Art. No. 1097) with THF/methanol (1/1). A brown fraction was collected, and the solvent was
removed under reduced pressure to yield the mixture of complex 10-PF, and complex 11-PFs (22.9 mg,
10-PF; : 11-PFs = 9 : 1 by the means of "H NMR spectroscopy). Complex 11- PFg was characterized by
comparing the spectra with its authentic [2]. '"H NMR (400 MHz, acetone-ds, 23 °C, TMS): § ~17.79 (dd,
Juu = 4.8 Hz, 44 Hz, 1H, Ru-f), —~15.94 (d, Jyu = 44 Hz, 1H, Ru-H), -15.77 (d, Juu = 4.8 Hz, 1H,
Ru-H), 1.50 (s, 15H, CsMes), 1.86 (s, 15H, CsMes), 1.89 (s, 15H, CsMes), 5.95 (d, Juu = 5.6 Hz, 1H, C°H
or C*H), 5.99 (d, Juy = 5.6 Hz, 1H, C*H or C*H), 7.24 (t, Juy = 7.6 Hz, 1H, p-Ph), 7.30 (d, Jun = 8.8 Hz,
2H, 0-Ph), 7.35 (t, Juu = 7.4 Hz, 2H, m-Ph). °C NMR (100 MHz, acetone-ds, 23 °C, TMS): 6 10.4 (g,
Jon = 128.2 Hz, CsMes), 11.0 (q, Jou = 128.0 Hz, CsMes), 12.1 (q, Jon = 127.3 Hz, Cshes), 68.5 (d, Jou
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= 175.5 Hz, C?), 94.5 (s, CsMes), 100.9 (s, Cshes), 101.1 (s, CsMes), 126.2 (d, Joy = 161.0 Hz, p-Ph),
128.4 (d, Jox = 157.0 Hz, Ph), 128.6 (d Jou = 158.7 Hz, Ph), 129.6 (s, ipso-Ph), 149.7 (s, C"), 188.9 (d,
Jon =182.3 Hz, C°).

Chapter 3.
Pyrolysis of 3e and 3f.

A glass autoclave was charged with a u3(1)-1-phenyl-1-propyne complex 3e (10.1 mg, 12.2 umol) and
toluene (5 mL). The solution was stirred at 180 °C for 5 d. The solvent was removed under reduced
pressure, and the complex 3e was quantitatively yielded on basis of '"H NMR spectrum of the residual
solid (13.6 mg).

A glass autoclave was charged with a ps3(L)-diphenyl acetylene complex 3f (16.5 mg, 18.5 umol) and
toluene (2.5 mL). The goluﬁon was stirred at 160 °C for 5 d. The solvent was removed under reduced
pressure, and the complex 3f was quantitatively yielded on basis of '"H NMR spectrum of the residual
solid (21.4 mg).

Preparation of [{Cp*Ru(u-H)};(1;-CCH,"Bu)][BF4] (14b-BF,).

A 50-mL Schlenk tube was charged with a u3(L)-1-hexyne complex 3b (32.3 mg, 39.4 pumol) and
diethyl ether (3 mL). HBF4Me,O (5.9 pl, 48.5 umol) was added to this solution at 23 °C. The
brown precipitate was immediately formed. The solvent was removed under reduced pressure, and
the residual solid was washed with diethyl ether (2 mL x 5). The brown precipitate dried in vacuo,
and a complex 14b-BF, was obtained as a brown crystalline solid (30.3 mg, 84.4% yield). 'H NMR
(400 MHz, acetone-ds, 23 °C, TMS): 6 —2.39 (s, 3H, Ru-H), 0.35 (t, Juxu = 8.6 Hz, 2H, C*H), 0.65
(quintet, Juu = 8.1 Hz, 2H, C*H), 0.76 (t, Jun = 7.2 Hz, 3H, C°H), 0.94 (quintet, Ji;; = 7.7 Hz, 2H,
C'H), 1.12 (quin;tet, Jun =73 Hz, 2H, C’H), 1.76 (s, 45H, CsMes). >*C NMR (100 MHz, acetone-ds,
23 °C, TMS): 612.1 (q, Jox = 128.1 Hz, CsMes), 14.2 (q, Jox = 124.0 Hz, C°%), 22.9 (t, Joqz = 118.6
Hz, C°%),29.0 (t, Joy = 120.5 Hz, C%), 31.4 (t, Jou = 122.3 Hz, C*), 73.5 (t, Jou = 124.6 Hz, C?), 99.2
(s, CsMes), 477.4 (s, C"). IR (ATR, cm"): 2960, 2912, 1467, 1377, 1237, 1093, 1052, 1020, 922.

Preparation of [{Cp*Ru(u-H)};(u;-CCH,Me)|[BF,] (14i-BF,).
A 50-mL Schlenk tube was charged with a y3(L)-propyne complex 3i (54.7 mg, 72.7 umol) and

diethyl ether (5 mL). HBFyMe,O (10.5 pL, 86.3 umol) was added to this solution at 23 °C.
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Immediately the brown precipitate was formed. The solvent was removed under reduced pressure,
and the residual solid was washed with vdiethyl ether (3 mL x 5). The brown precipitate dried in
vacuo, and a complex 14i-BF, was obtained as a brown crystalline solid (57.7 mg, 94.5% yield). 'H
NMR (400 MHz, acetone-ds, 23 °C, TMS): 6-2.34 (s, 3H, Ru-H), 0.40 (m, 5H, -Ef), 1.76 (s, 45H,
CsMes). °C NMR (100 MHz, acetone-ds, 23 °C, TMS): 12.0 (q, Jox = 127.6 Hz, CsMes), 13.8 (q,
Jon=125.6 Hz, C%), 65.4 (t, Jozs = 126.8 Hz, C%), 99.2 (s, CsMes), 478.5 (s, C").

Reaction of [{Cp*Ru{u-H)};(us-CCH,"Bu)][BF,] (14b-BF,) with LiBEt;H.

A 50-mL Schlenk tube was charged with a cationic us-1-hexylidyne complex 14b-BF, (38.1 mg, 43.2
umol) and THF (2 mL). LiBEtH (47.0 pL, 1.0 M in THF) was added to this solution at —78 °C. The
solution was stirred at —78 °C for 1 h. The solvent was removed under reduced pressure, and a
4s-1-hexenylidene complex 4b was 78% yield on basis of '"H NMR spectrum of the residual solid.

Complex 4b was characterized by comparing the spectra with its authentic [3c].

Reaction of [{Cp*Ru(p-H)}s(us-CCH;Me)]|BF,] (14i-BF,) with LiBEt;H.

A 50-mL Schlenk tube was charged with a cationic s-propylidyne complex 14i-BF, (11.0 mg, 13.1
pumol) and THF (1 mL). LiBEt:H (14.0 uyl, 1.0 M in THF) was added to this solution at ~78 °C. The
solution was stirred at ~78 °C for 1 h. The solvent was removed under reduced pressure, and a
us-propenylidene complex 4i was 90% yield on basis of "H NMR spectrum of the residual solid. Complex

4i was characterized by comparing the spectra with its anthentic [3c].

Preparation of [{Cp*Ru(u-H)};(us-H)(us-*:°(L)-PhCCH)][BF,] (15a-BF,).

A 50-ml. Schlenk tube was charged with a us(L)-phenylacetylene complex 3a (23.7 mg, 29.1 pmol)
and diethyl ether (2 mL). HBF,Me,0 (4.3 ulL, 40.0 pmol) was added to this solution at 23 °C, The brown
precipitate was immediately formed. The solvent was removed under reduced pressure, and the residual
solid was washed with diethyl ether (2 mL x 5). The brown precipitate dried in vacuo, and a complex
15a-BF, was obtained as a brown crystalline solid (24.5 mg, 93.4% yield). '"H NMR (400 MHz,
acetone-dg, 23 °C, TMS): 6 —14.67 (s, 4H, Ru-H), 1.92 (s, 45H, CsMes), 6.05 (d, Juun = 6.4 Hz, 2H, 0-Ph),
6.89 (1, Jux = 7.4 Hz, 1H, p-Ph), 7.13 (¢, Jun = 7.6 Hz, 2H, m-Ph), 10.49 (s, 1H, PhCCH). *C NMR (100
MHz, acetone-ds, 23 °C, TMS): 6 11.7 (q, Jog = 127.9 Hz, CsMes), 74.2 (s, PhCCH), 97.7 (s, CsMes),
1245 (d, Joy = 152.7 Hz, 0-Ph), 1252 (d, Jog = 157.0 Hz, p-Ph), 1286 (d, Jou = 150.9 Hz, m-Ph),
138.0 (s, ipso-Ph), 175.6 (d, Jeu = 195.7 Hz, PhCCH). IR (ATR, cm™'): 2986, 2905, 1589, 1470, 1379,
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1094, 1053, 764, 703.

Preparation of [{Cp*Ru(y—H)}s(y;-H)(m-nz:1)2(_L)-’BuCCH)]kBF4] (15¢-BF,).

A 50-mL Schlenk tube was charged with a u3(L)-t-butylacetylene complex 3¢ (37.4 mg, 47.1 umol) and
diethyl ether (4 mL). HBF4+Me,O (7.5 pl, 61.6 pmol) was added to this solution at 23 °C. Immediately
the brown precipitate was formed. The solvent was removed under reduced pressure, and the residual
solid was washed with diethyl ether (5 mL x 3). The brown precipitate dried in vacuo, and a complex
15¢-BF, was obtained as a brown crystalline solid (40.0 mg, 96.3% yield). '"H NMR (400 MHz,
acetone-ds, 23 °C, TMS): 5 —14.28 (s, 4H, Ru-H), 0.72 (s, 9H, -CMes), 2.02 (s, 45H, CsMes), 10.77 (s,
1H, -CCH). °C NMR (100 MHz, acetone-ds, 23 °C, TMS): 611.5 (q, Jox = 128.3 Hz, CsMes), 12.1 (q,
Jeu = 128.3 Hz, CsMes), 35.0 (s, -CMes), 68.6 (s, ‘BuCCH), 96.7 (s, CsMes), 168.8 (d, Jog = 195.7 Hz,
-CCH).

Preparation of [{Cp*Ru(/J-H)}3(;43-H)(;43-nz:nz(J_)-PhCCMe)] [BF,] (15¢-BF,).

A 50-mL Schienk tube was charged with a u3(1)-1-phenyl-1-propyne complex 3e (29.4 mg, 35.5 pmol)
and diethyl ether (5 mL). HBF,Me,O (5.0 pL, 41.1 pmol) was added to this solution at 23 °C.
Immediately the brown precipitate was formed. The solvent was removed under reduced pressure, and the
residual solid was washed with diethyl ether (2 mL x 5). The brown precipitate dried in vacuo, and a
complex 15e-BF, was obtained as a brown crystalline solid (25.7 mg, 79.0% yield). "H NMR (400 MHz,
acetone-ds, 23 °C, TMS): 6 ~19.80 (br, wy; = 1080.2 Hz, 2H, Ru-H), —10.15 (br, wy» = 800.2 Hz, 2H,
Ru-f), 1.92 (br, wi, = 67.0 Hz, 45H, CsMes), 2.49 (s, 3H, Me), 5.83 (d, Juz = 6.4 Hz, 2H, 0-Ph), 6.92 (t,
Jun = 74 Hz, 1H, p-Ph), 7.20 (t, Jux = 7.6 Hz, 2H, m-Ph). °C NMR (100 MHz, acetone-ds, 23 °C,
TMS): 611.6 (q, Jeu = 128.4 Hz, CsMes), 25.2 (q, Jcg = 128.3 Hz, Me), 76.4 (s, PhACCMe), 97.9 (s,
CsMes), 123.9 (d, Jou = 156.9 Hz, 0-Ph), 124.3 (d, Jog = 159.4 Hz, p-Ph), 129.1 (d, Jeu = 150.9 Hz,
m-Ph), 139.9 (s, ipso-Ph), 184.9 (s, PACCMe). 'H NMR (400 MHz, acetone-ds, —80 °C, TMS): 6 —23.31
(br, wy = 85.1 Hz, 1H, Ru-H), —17.20 (br, wy, = 88.5 Hz, 1H, Ru-H), ~9.93 (s, 2H, Ru-H), 1.60 (s, 30H,
CsMes), 1.96 (s, 30H, CsMes), 2.41 (s, 3H, Me), 5.80 (d, Juu = 7.6 Hz, 2H, 0-Ph), 6.87 (t, Juxz = 7.0 Hz,
1H, p-Ph), 7.18 (t, Jun = 7.4 Hz, 2H, m-Ph). °C NMR (100 MHz, acetone-ds, —80 °C, TMS): 6 10.8 (q,
Jou = 127.6 Hz, CsMes), 11.4 (q, Jcu = 127.0 Hz, CsMes), 25.0 (q, Jog = 127.6 Hz, Me), 74.0 (s,
PhCCMe), 96.2 (s, CsMes), 97.2 (s, CsMes), 123.4 (d, Jo = 156.3 Hz, 0-Ph), 123.8 (d, Jog = 156.4 Hz,
p-Ph), 1290 (d, Jeu = 156.4 Hz, m-Ph), 139.6 (s, ipso-Ph), 185.0 (s, PhCCMe). Anal. Calcd for
CsoHs7B F4Rus: C, 51.14; H, 6.27. Found: C, 51.17; H, 6.22.
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Preparation of [{Cp*Ru(u-H)}s G- H) (s 1 (L)-PhCCPh)] [BF4] (15f-BF,).

A 50-mL Schlenk tube was charged with a us(L)-dipheny! acetylene complex 3f (22.6 mg, 25.4 umol)
and dicthyl ether (2 mL). HBF;Me;O (4.0 pL, 32.9 pmol) was added to this solution at 23 °C.
Immediately the brown precipitate was formed. The solvent was removed under reduced pressure, and the
residual solid was washed with diethyl ether (2 mL x 5). The brown precipitate dried in vacuo, and a
complex 15f-BF, was obtained as a brown crystalline solid (24.4 mg, 98.4% yield). "H NMR (400 MHz,
acetone-dg, 23 °C, TMS): S —14.83 (s, 4H, Ru-H), 1.72 (s, 45H, CsMes), 6.75 (d, Jun = 7.2 Hz, 4H, 0-Ph),
707 (¢, Juu = 7.4 Hz, 2H, p-Ph), 7.22 (t, Jau = 7.6 Hz, 4H, m-Ph). *C NMR (100 MHz, acetone-de,
23 °C, TMS): 811.6 (q, Jeu = 127.8 Hz, CsMes), 98.7 (s, CsMes), 123.2 (s, PhCCPh), 126.2 (d, Jou =
162.4 Hz, 0-Ph), 127.8 (d, Jor = 157.0 Hz, p-Ph), 128.7 (d, Jou = 150.9 Hz, m-Ph), 141.9 (s, ipso-Ph).

Variable-Temperature NMR spectra and Dynamic NMR simulations of 15e-BF,.

Variable-Temperature NMR studies was performed in flame-sealed NMR tube in acetone-dg for
15e-BF,; using a Varian INOVA-400 Fourier transform spectrometer with trimethylsilane as internal
standard. NMR simulations for the Cp* signals of 15¢-BF, was curried out using a gNMR v4.1.0
(©1995-1999 Ivory Soft). Final simulated line shapes were obtained via a trial-and-error parameter search
upon the exchange constant k. The rate constants & that accurately modeled the experimental spectra at
each temperature was also shown in text. The activation parameters AH and AS* were determined from
the Eyring plot. The standard deviation in AH* and AS* were determined from a standard deviation (0) in
the slope and y-intercept of the Eyring plot. The standard deviation in AG* were obtained from the
formula: G(AG'Y = o(AH')? + [To(ASHI? — 2Ta(AH)o(AS?). |

Protonation of {Cp*Ru(u-H)};(us:-1*-C=CHR) (4a; R = Ph, 4b; R ="Bu).

A 50-mL Schlenk tube was charged with a complex 1 (28.3 mg, 39.6 pmol), THF (4 mL), and styrene
(14.0 pL, 124.1 pmol). The solution was stirred at 23 °C for 1 h. The color of the solution turned from
red-brown to brown. The solvent was removed under reduced pressure, and a ps-styrelylidene complex 4a
was 51% yield on basis of 'H NMR spectrum of the residual solid. Complex 4a was characterized by
comparing the spectra with its authentic [3c]. This residual solid was dissolved in diethyl ether (4 mL),
HBFMe,O (5.0 uL, 41.1 pmol) was added to this solution at 23 °C. Immediately the brown precipitate
was formed. The solvent was removed under reduced pressure, and the residual solid was washed with

diethyl ether (2 mL x 5). The brown precipitate dried in vacuo, and a cationic ys(1)-phenylacetylene
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complex 15a-BF, was quantitatively yielded corresponding to the complex 4a on basis of "H NMR of this
brown precipitate.

Complex 4b was prepared according to previously published literature {3c]. A 50-mL Schlenk tube was
charged with the complex 4b (58.7 mg, 73.9 umol) and diethyl ether (4 mL). HBF,-Me,O (11.0 pL, 90.3
pmol) was added to this solution at 23 °C. Immediately the brown precipitate was formed. The solvent
was removed under reduced pressure, and the residual solid was washed with diethyl ether (2 mL x 5).
The brown precipitate dried in vacuo, and a complex 14b-BF, was obtained as a brown crystalline solid

(64.6 mg, 98.5% yield).

Reaction of 15a-BF, with CO.

An NMR tube equipped with the J. Young valve was charged with a complex 15a-BF, (36.2 mg, 40.1
umol), acetone-ds (0.45 mL), and cyclooctane (1 pL) as an internal standard. The solution was frozen by
the use of a liquid-nitrogen bath, and then the tube was evacuated. After the tube was warmed up to 23 °C,
1 atm of carbon monoﬁde was introduced into the tube. The tube was allowed to react for 5 h at 23 °C.
Formation of a cationic us(L)-phenylacetylene, u-carbonyl complex [{Cp*Ru}s(u-H),(us-17":1*(L)-Ph-
CCH)(u-CO)][BF.] (18-BF,) was confirmed by 'H NMR spectroscopy. (60% yield). "H NMR (400 MHz,
acetone-ds, 23 °C, TMS): 6 —2.82 (s, 2H, Ru-H), 1.58 (s, 15H, CsMes), 2.10 (s, 30H, CsMes), 5.86 (d,
Jun = 8.0 Hz, 2H, 0-Ph), 6.81 (1, Juu = 8.0 Hz, 1H, p-Ph), 7.06 (t, Juz = 8.0 Hz, 2H, m-Ph), 9.72 (s,
PhCCH). *C NMR (100 MHz, acetone-ds, 23 °C, TMS): 6 10.2 (q, Jeu = 128.0 Hz, CsMes), 10.8 (q, Jou
=128.1 Hz, CsMes), 44.5 (s, PhCCH), 93.5 (s, CsMes), 101.6 (s, CsMes), 124.8 (d, Jog = 157.2 Hz, Ph),
128.7 (d, Jow = 158.7 Hz, Ph), 129.8 (d, Jcn = 162.6 Hz, Ph), 144.2 (s, ipso-Ph), 164.6 (d, Joy = 205.0
Hz, PhCCH), 255.1 (s, u-CO).

Pyrolysis of 15a-BF, ~ Preparation of [(Cp*Ru),Cp*Ru(u-n*:n*-CH-(C¢H,)-CH)(u-H),][BF,]
(19-BF,).

A 50-mL Schlenk tube was charged with a complex 15a-BF, (7.0 mg, 7.8 yumol) and acetone (2 mL).
The solution was stirred at 50 °C for 19 h. The solvent was removed under reduced pressure, and
formation of a cationic closo-ruthenacyclopentadiene complex 19-BF; was confirmed by 'H NMR
spectroscopy (87% yield). 'H NMR (400 MHz, acetone-ds, 23 °C, TMS): 6 ~7.14 (s, 2H, Ru-H), 1.58 (s,
30H, CsMes), 2.22 (s, 15H, Csies), 3.79 (s, 2H, C*H), 6.73 (dd, Juu = 6.8 Hz, 3.2 Hz, 2H, C*H), 7.49 (dd,
Jux = 6.8 Hz, 3.2 Hz, 2H, C*H). >C NMR (100 MHz, acetone-ds, 23 °C, TMS): J 10.7 (q, Jox = 127.7
Hz, CsMes), 12.5 (q, Jom = 127.3 Hz, CsMes), 77.2 (s, C*), 90.5 (s, CsMes), 96.5 (s, CsMes), 109.1 (d,
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Jon = 161.7 Hz, C?), 126.8 (d, Jou = 161.6 Hz, C°), 128.8 (d, Jou = 164.0 Hz, C". HMQC (0x-dc):
3.79-109.1, 6.73-128.8, 7.49-126.8. HMBC (6g-0c): 3.79-126.8, 6.73-77.2, 7.49-109.1.

Pyrolysis of 15f-BF, ~ Preparation of [(Cp*Ru),Cp*Ru(u-u*:n*-(CH,)-CH=CPh)(u-H),][BF,]
(20-BF,).

A 50-mL Schlenk tube was charged with a complex 15f-BF; (21.1 mg, 21.6 umol) and ethanol (3 mL).
The solution was stirred at 60 °C for 5 d. The solvent was removed under reduced pressure, and a cationic
closo-ruthenacyclopentadiene complex 20-BF, was quantitatively yield on the basis of 'H NMR
spectroscopy. The residual solid was purified by the use of column chromatography on alumina (Merck
Art. No. 1097) with THF/methanol (1/1). A red fraction was collected, and the solvent was removed
under reduced pressure to yield the complex 20-BF; as a red solid (8.5 mg, 40.3% yield). "H NMR (400
MHz, acetone-ds, 23 °C, TMS): 6 —7.35 (s, 2H, Ru-A), 1.48 (s, 30H, CsMes), 2.17 (s, 15H, CsMes), 6.36
(d, Jun = 8.6 Hz, 1H, C°H), 6.47 (dd, Jun = 8.6 Hz, 6.4 Hz, 1H, C°H), 6.63 (dd, Jun = 8.8 Hz, 1.2 Hz,
2H, 0-Ph), 6.65 (s, 1H, C°H), 6.96 (it, Juy = 7.4 Hz, 1.2 Hz, p-Ph), 7.08 (tt, Juu = 7.6 Hz, 1.8 Hz, 2 H,
m-Ph), 7.23 (dd, Juz = 8.6 Hz, 6.4 Hz, 1 H, C*H ), 8.35 (d, Jux = 8.6 Hz, 1 H, C*H). '*C NMR (100
MHz, acetone-ds, 23 °C, TMS): 0 10.1 (q, Jox = 127.8 Hz, CsMes), 11.8 (q, Jou = 127.4 Hz, CsMes),
65.5 (d, Jex = 179.2 Hz, C%), 80.0 (s, C*), 89.8 (s, CsMes), 96.7 (s, CsMes), 118.8 (s, C), 119.8 (dd, Jexn
= 161.3 Hz, 8.3 Hz, (%), 126. 5 (dt, Joy = 160.9 Hz, 7.5 Hz, p-Ph), 127.2 (dt, Jou = 158.6 Hz, 7.8 Hz,
m-Ph), 127.7 (s, C*), 127.8 (dd, Jou = 160.1 Hz, 7.8 Hz, C*), 128.4 (dd, Jou = 156.9 Hz, 8.0 Hz, ),
129.0 (dt, Jou = 156.1 Hz, 6.6 Hz, 0-Ph). 144.9 (dd, Joyy = 162.8 Hz, 6.6 Hz, C°, 146.9 (s, ipso-Ph). Anal.
Calc. For CgH7;BRu; (20-BPhy): C, 67.59; H, 6.42. Found: C, 67.74; H, 6.75.

An NMR tube was charged with a complex 15f-BF; and acetone-d; (0.40 mL). The tube was sealed,
and the tube was allowed to react for 5 d at 60 °C. Formation of a complex 20-BF, was confirmed by 'H
NMR spectroscopy. (90% vield). The solution was transferred to a 50-ml. Schienk tube, and the solvent
was removed under reduced pressure. The residual solid was purified by the use of column
chromatography on alumina (Merck Art. No. 1097) with THF. A red fraction was collected, and the
solvent was removed under reduced pressure to yield the complex 20-BF,~d,. The H/D exchange was

observed at Ru-H, C*-H, and C>-H by *H NMR spectroscopy.

Pyrolysis of 15¢-BF, ~ Preparation of [{Cp*Ru(u-H)};(’-7°-C(Ph)CHCH)][BF,] (11-BF,).
A glass autoclave was charged with a complex 15e-BF, (20.6 mg, 22.5 pmol) and ethanol (2 mL). The

solution was stirred at 160 °C for 3 d. The solvent was removed under reduced pressure, and a 1 : 1
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mixture of a paramagnetic complex 9e-BF, and y3-1-phenyl-triscarbene complex 11-BF,4 was obtained on
basis of "H NMR spectrum of the residual solid. The residual solid was purified by the use of column
chromatography on alumina (Merck Art. No. 1097) with THF/methanol (1/1). A yellow-brown fraction
was collected, and the solvent was removed under reduced pressure to yield the complex 11-BF, (9.5 mg,

46.2% yield). Complex 11-BF, was characterized by comparing the spectra with its authentic [2].

Pyrolysis of 3c.

An NMR tube was charged with a u3(L)-t-butyl-acetylene complex 3¢ (6.0 mg, 7.6 pmol), octane-d)s
(0.40 mL), and hexamethyl benzene (1.5 mg, 9.2 umol) as an internal standard. The tube was sealed, and
the tube was allowed to react at 180 °C. The reaction was monitored by the use of "H NMR spectroscopy.
The time-conversion curve for the pyrolysis of the complex 3¢ was shown in the text. 26; '"H NMR (400
MHz, octane-djs, 23 °C, TMS): 6 —23.31 (s, 1H, Ru-H), 1.60 (s, 15H, CsMes), 1.63 (s, 3H, Me), 1.75 (s,
15H, CsMes), 1.79 (s, 15H, CsMes), 2.03 (s, 3H, Me), 8.22 (s, 1H, -CH), 16.38 (s, 1H, y3-CH). Complex
26 was characterized by comparing the spectra with its authentic [6].

A glass autoclave was charged with a complex 3¢ (21.5 mg, 27.1 pmol) and toluene (2 mL). The
solution was stirred at 180 °C for 12 h. The solvent was removed under reduced pressure, and the residual
solid was purified by the use of column chromatography on alumina (Merck Art. No. 1097) with pentane.
The solvent was removed under reduced pressure, and us-neohexylidyne, us-methylidyne complex
(Cp*Ru)s(u-H)(us-C'Bu)(us-CH) (21) was obtained as a brown solid (4.1 mg, 19.2% yield). "H NMR (400
MHz, C¢Ds, 23 °C, TMS): 6 —3.83 (s, 1H, Ru-H), 0.86 (s, 9H, ‘Bu), 1.64 (s, 30H, CsMes), 2.09 (s, 15H,
CsMes), 15.95 (s, 1H, u3-CH). Anal. Calc. For CsgHsgRuy: C, 54.59; H, 7.13. Found: C, 54.87; H, 7.45.

A glass autoclave was charged with a complex 3c (43.7 mg, 55.0 umol) and toluene (4 mL). The
solution was stirred at 180 °C for 14 h. The solvent was removed under reduced pressure, and the residual
solid was purified by the use of column chromatography on alumina (Merck Art. No. 1097) with THF. A
yellow-brown fraction was collected, and the solvent was removed under reduced pressure to yield a
us(/-i-propyl acetylene, us-methylidyne complex (Cp*Ru)s(us-#°(/)~PrCCH)(us-CH)(u-H), (23) as a
brown solid (5.8 mg, 13.3%). 'H NMR (400 MHz, C¢Ds, 23 °C, TMS): 6 —22.42 (s, 1H, Ru-H), —16.02 (s,
1H, Ru-H), 1.79 (s, 15H, CsMes), 1.88 (br, w» = 8.4 Hz, 30H, CsMes), 8.20 (s, 1H, ‘PrCCH), 15.18 (s, 1H,
4#s-CH).

A glass autoclave was charged with a complex 3¢ (35.0 mg, 44.1 umol) and p-xylene (4 mL). The .

¢ Takao, A. Doctoral thesis, Tokyo Institute of Technology, 2000.
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solution was stirred at 180 °C for 24 h. The solvent was removed under reduced pressure, and the residual
solid was purified by the use of column chromatography on alumina (Merck Art. No. 1097) with toluene.
A brown fraction was collected, and the solvent was removed under reduced pressure. A
ys-2-propenylidene, us(/)-ethyne complex (Cp*Ru)s(us=*-C=CMe)(us-1°(/)-HCCH)(u-H) (25) was
contained in the brown solid as a major product (16.0 mg). A red fraction eluted with methanol was
collected, and the solvent was removed under reduced pressure. A wusz(L)-i-propyl acetylene,
ps-mehtylidyne complex (Cp*Ru)s(us-#7(L)-PrCCH)(u5-CH) (24) was obtained as a red solid. 24; 'H
NMR (400 MHz, CsDs, 23 °C, TMS): 4 0.69 (d, Juu = 6.8 Hz, 6H, -CHMe,), 3.03 (septet, Jyu = 6.8 Hz,
1H, -CHMe,), 1.69 (br, w2 = 9.0 Hz, 30H, CsMes), 1.83 (br, wi, = 12.9 Hz, 15H, CsMes), 11.23 (s, 1H,
PrCCH), 16.58 (s, 1H, #3-CH). “C NMR (100 MHz, CsDs, 23 °C, TMS): 6 12.0 (q, Je = 126.1 Hz,
CsMes), 24.7 (dd, Jom = 1253 Hz, 42.5 Hz, -CHMe,), 93.6 (5, CsMes), 206.1 (d, Jou = 206.1 Hz,
PrCCH), 345.6 (d, Jor = 153.4 Hz, u5-CH). 25; 'H NMR (400 MHz, C4Ds, 23 °C, TMS): 5 -28.29 (s, 1H,
Ru-H), 1.45 (br, wi, = 8.9 Hz, 15H, CsMes), 1.87 (s, 15H, CsMes), 1.95 (br, wi2 = 11.1 Hz, 15H, CsMes),
8.11 (br, 1H, HCCH), 8.88 (br, 1H, HCCH).

Pyrolysis of 15¢-BF,.

A 50-ml Schlenk tube was charged with a complex 15¢-BF, (40.01 mg, 45.4 umol) and acetone (1
mL). The solution was stirred at 40 °C for 24 h, The solvent was removed under reduced pressure, and 2
cationic us-neohexylidyne, ps-methylidyne complex [(Cp*Ru)s(u-H),(us-C'Bu)(us-CH)][BF,] (22-BFy)
was contained in the residue as a main product (43.8 mg). 'H NMR (400 MHz, acetone-ds, 23 °C, TMS):
8 —4.90 (s, 2H, Ru-H), 0.54 (s, 9H, 'Bu), 1.56 (s, 15H, CsMes), 2.13 (s, 30H, CsMes), 17.33 (s, 1H,
#s-CH). *C NMR (10C MHz, acetone-ds, 23 °C, TMS): 6 11.5 (q, Jox = 127.7 Hz, CsMes), 12.3 (q, Jen =
128.5 Hz, CsMes), 92.4 (s, CsMes), 103.9 (s, CsMes), 381.6 (d, Jou = 166.7 Hz, us-CH), 427.5 (s,
u3-C'Bu).

Hydrogenation of 3f,

A glass autoclave was charged with a complex 3f and THF. 5 atm of hydrogen was introduced into the
glass autoclave. The solution was stirred at 100 °C for 3 d. The solvent was removed under reduced
pressure, and the formation of a complex 1 and bibenzyl was confirmed by the use of '"H NMR

spectroscopy (qunatitatively).

Hydrogenation of 152-BF,.
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An NMR tube equipped with the J. Young valve was charged with a complex 15a-BF; (1.6 mg, 1.8
umol), acetone-ds (0.45 mL). The solution was frozen by the use of a liquid-nitrogen bath, and then the
tube was evacuated. After the tube was warmed up to 23 °C, 1 atm of hydrogen was introduced into the
tube. The tube was allowed to react for 3 h at 23 °C. Formation of a cationic hexahydrido complex
[{Cp*Ru(u-H),}3][BF4] (27-BF,) was confirmed by '"H NMR spectroscopy (98% yield). Complex 27-BF,
was characterized by comparing the spectra with its authentic [1]. Both styrene and ethylbenzene were

observed at the initial stage of the reaction, and styrene was finally hydrogenated to ethylbenzene.

Hydrogenation of 15f-BF,.

An NMR tube equipped with the J. Young valve was charged with a complex 15f{-BF, (8.4 mg, 8.6
umol), acetone-ds (0.45 mL). The solution was frozen by the use of a liquid-nitrogen bath, and then the
tube was evacuated. After the tube was warmed up to 23 °C, 1 atm of hydrogen was introduced into the
tube. The tube was allowed to react for 24 h at 23 °C. Formation of a cationic hexahydrido complex
[{Cp*Ru(u-H),}3][BF4] (27-BF,) was confirmed by "H NMR spectroscopy (5% yield). The equivalence

of cis-stilbene to the formation of the complex 27-BF, was also observed by "H NMR spectroscopy.

X-ray Structure Determination for 15¢-BF,, 19-BF,, 20-BPhy, 21, 23, and 24.

X-ray quality crystal of 15e-BF,, 19-BF,, 20-BPh,, 21, 23, and 24 were obtained from the method
described in the text and mounted on glass fibers. Diffraction experiment of 15e-BF,, 19-BF,, 20-BPh,,
21, 23, and 24 were performed on a Rigaku RAXIS-RAPID imaging plate with graphite-monochromated
MoKa radiation (A = 0.71069 A). The structure of 15¢-BF,, 19-BF,, 20-BPh,, and 23 were solved by the
Patterson method and subsequent Fourier difference techniques and refined anisotropically for all
non-hydrogen atoms by full-matrix least squares calculation on F° using SHELX-97 program package.
The structure of 21 and 24 were solved by the Patterson method and subsequent Fourier difference
techniques and refined anisotropically except hydrogen atoms and Cp* group by full-matrix least squares
calculation on ° using SHELX-97 program package. The positions of the hydrogen atoms bonded to the
ruthenium atom of 19-BF,, 20-BPh,, 21, and 23 were located by sequential difference Fourier synthesis
and were refined isotropically. Crystal data and results of the analysis of 15e-BF,, 19-BF,, 20-BPh,, 21,
23, and 24 were listed in Table S - 2.

Two molecules were contained in the unit cell of 15e-BF,. The Cp* group bounded to Ru(1) was
disordered with thermal parameters with 50% : 50% occupancy and the Cp* group bounded to Ru(2) was
disordered with thermal parameters with 51.4% : 48.6% occupancy in 21. The Cp* group bounded to
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Ru(1) was disordered with thermal parameters with 50% : 50% occupancy and the Cp* group bounded to

Ru(2) was disordered with thermal parameters with 58.3% : 41.3% occupancy in 24.

Table S - 2. Crystallographic Data for Complexes in Chapter 3.

15¢-BF, 19-BF, 20-BPh, 21 23 24
Formula CsHs:BFRus  CyHsBFRu;  CegH77BRuz;  CagHseRu, CisHseRus CisHsqRus
Fw 915.87 899.82 1208.3 792.02 792.02 790.00
Crystal Color Brown Red Red Brown Red Red
Crystal size 0.60 0.12 0.20 0.70 0.23 0.28
(mm) 0.40 0.11 0.20 0.30 0.17 0.10
0.07 0.06 0.10 0.08 0.03 0.03
Crystallizing EtOH/Et,0  EtOH/Et,0 THF/Et,0 Toluene Pentane Toluene
Solution (Temp.) (-30°C) (-30°C) 23 °C) (=30°C) (23°C) (30 °C)
Crystal System Monoclinic Orthorhombic  Monoclinic ~ Orthorhombic  Tetragonal Orthorhombic
Space Group C2/c (#15) Pna2, (#33) P2,/c (#14) Cmca (#64) P4;2:2 (#92) Cmeca (#64)
a(A) 36.2956(5) 20.469(4) 14.317 (8) 17.928(3) 17.210(2) 18.016(4)
bA) 22.0009(3) 8.7303(15) 18.111 (11) 18.012(4) 17.431(3)
c(A) 29.8573(5) 20.214(4) 22.249 (11) 21.192(4) 22.890(4) 21.363(5)
a(®)
B 140.9330(5) 89.44 (4)
7 (®)
v (AY 15026.0(4)  3612.2(11) 5769 () 6343(2) 6779.8(17)  6709(2)
VA 16 4 4 8 8 8
Peate(g o) 1.619 1.655 1.391 1.538 1.552 1.564
Temp. (°C) -150 -150 -120 -120 -120 -120
# (MoKa) 1.237 1.285 1.391 1.329 1.342 1.355
(mm™)
26 max (°) 60 60 55 60 60 60
Data collected 72550 65176 49620 40307 79733 39657
Unique (Riy) 22158 5860 13614 5401 5576 5309
(4.55%) (4.91%) (3.59%) (2.56%) (11.54%)  (6.54%)
Parameters 903 463 689 178 375 137
Abs. Correction Numerical Empirical Numerical Empirical Empirical Numerical
(min, max) (0.6255, (0.6464, (0.8539, (0.7073, (0.5001, (0.8012,
0.7942) 1.0000) 0.9229) 0.9602) 1.0000) 0.9547)
GOF 1.127 1.034 1.120 1.170 1.015 1.043
Ry (I>20(]) 0.0398 0.0336 0.0527 0.0623 0.0550 0.0683
wR, (I>20(1)) 0.0960 0.0723 0.1574 0.1459 0.1396 0.1818
R, (all data) 0.0472 0.0381 0.0672 0.0646 0.0656 0.0937
wR; (all data) 0.1000 0.0744 0.1660 0.1470 0.1479 0.1981
Largest diff. Peak  1.345 1.050 5.124 2.373 1.791 1.767
and hole (e A'B) and —1.342 and —0.723 and —0.868 and ~2.058 and —1.223 and —0.921
Chapter 4.
Reaction of 3b with CO.

An NMR tube equipped with the J. Young valve was charged with a ps(1)-1-hexyne complex 3b (5.0

mg, 6.3 umol), p-xylene-dio (0.40 mL), and hexamethyl benzene (1.0 mg, 6.0 wmol) as an internal
standard. The solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated.

After the tube was warmed up to 23 °C, 1 atm of carbon monoxide was introduced into the tube. The tube
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was allowed to react for 6 h at 23 °C. Formation of a us-hexylidyne, tri-u-carbonyl complex {Cp*Ru-
(1-CO) }s(us-CCH,"Bu) (28b) was confirmed by '"H NMR spectroscopy. (84.8% yield). 'H NMR (400
MHz, p-xylene-dio, 23 °C, TMS): 6 1.16 (t, Ju = 7.6 Hz, 3H, Me), 1.66 (s, 45H, CsMes), 4.73 (m, 2H,
u3-CCH,-). Complex 28b was characterized by comparing the spectra with a us-pentylidyne,

tri-u-carbonyl complex [2, 3c].

Reaction of 4b with CO.

An NMR tube equipped with the J. Young valve was charged with a us-1-hexenylidene complex 4b
(2.0 mg, 2.5 pmol), C¢De (0.40 mL), and hexamethyl benzene (0.4 mg, 2.4 pumol) as an internal standard.
The solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. After the
tube was warmed up to 23 °C, 1 atm of carbon monoxide was introduced into the tube. The tube was
allowed to react for 5 min at 23 °C. Formation of a complex 28b was confirmed by 'H NMR

spectroscopy (91.0% yield).

Reaction of 3a with PMe;. ~ Preparation of a ys-styrylidene, g#-phosphide complex (Cp*Ru);(p-H),-
(u-PMe;) (31a)

An NMR tube was charged with a us(L)-phenyl acetylene complex 3a (9.8 mg, 12.0 pmol), CsDs (0.45
mL), and PMe; (3M in toluene, 20 pL). The tube was sealed, and the tube was allowed to react for 5 d at
80 °C. The reaction was monitored by "H NMR spectroscopy. The time-conversion curve for the reaction
was shown in the text. Formation of a complex 31a was confirmed by 'H NMR spectroscopy (83% yield).
"H NMR (400 MHz, C¢Ds, 23 °C, TMS): 6 —21.80 (d, Jo.5 = 6.4 Hz, 1H, Ru-H), —21.76 (d, Jo.; = 8.4 Hz,
1H, Ru-f), 1.55 (d, Jou = 9.6 Hz, 3H, PMe,), 1.68 (s, 15H, CsMes), 1.72 (d, Jp;; = 8.8 Hz, 3H, PMe,),
1.77 (s, 15H, CsMes), 1.86 (s, 15H, CsMes), 6.01 (s, 1H, -C=CHPh), 7.18 (t, Ju.n = 7.6 Hz, 1H p-Ph), 7.27
(t, Jun = 7.4 Hz, 2H, m-Ph), 7.62 (d, Juzr = 6.8 Hz, 2H, 0-Ph). '>C NMR (100 MHz, C¢Ds, 23 °C, TMS):
J11.5 (q, Jou = 126.4 Hz, CsMes), 11.7 (q, Jou = 125.9 Hz, CsMes), 12.9 (q, Jo.g = 126.5 Hz, CsMes),
23.6 (q, Jor = 124.3 Hz, Me,), 29.0 (q, Jeu = 129.1 Hz, Me,), 83.1 (d, Jcz = 154.0 Hz, -C=CHPh), 85.5
(s, CsMes), 92.9 (s, CsMes), 93.7 (s, CsMes), 124.1 (d, Jou = 158.6 Hz, Ph), 126.9 (d, Jou = 148.1 Hz,
Ph), 131.0 (d, Jeu = 151.4 Hz, Ph), 147.7 (s, Ph), 286.7 (s, -C=CHPh). >'P NMR (162 MHz, C¢Ds,23 °C,
d/ppm): & 133.3 (s, u-PMey).

Reaction of 3b with CO,. ~ Preparation of a yu;-hexenylidene, #-carbonyl complex (Cp*Ru);(u-H)-
(us-*-C=CH"Bu)(u-CO) (33)
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An NMR tube equipped with the J. Young valve was charged with a y3(1)-1-hexyne complex 3b (10.2
mg, 12.8 pmol), CsDs (0.40 mL), and hexamethyl benzene (3.3 mg, 2.0 ymol) as an internal standard. The
solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. After the tube
was warmed up to 23 °C, 1 atm of carbon dioxide was introduced into the tube. The tube was allowed to
react for 263 h at 80 °C. The reaction was monitored by the use of 'H NMR spectroscopy. The
time-conversion curve for the reaction was shown in the text, Formation of a complex 33 was confirmed
by 'H NMR spectroscopy (68.0% yield).

A 50-mL Schlenk tube was charged with a complex 3b (80.0 mg, 100.7 pmol) and toluene (5 mL). The
solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. After the tube
was warmed up to 23 °C, 1 atm of carbon dioxide was introduced into the tube. The solution was stirred
for 7d at 80 °C. The solvent was removed under reduced pressure, and the residual solid was purified by
the use of column chromatography on alumina (Merck Art. No. 1097) with toluene. The solvent was
removed under reduced pressure. A complex 33 was obtained as a dark-green solid (53.7 mg, 65.0 %).'H
NMR (400 MHz, CDs, 23 °C, TMS): 6§ —10.17 (s, 1H, Ru-H), 1.10 (t, Juu = 7.2 Hz, 3H, Me), 1.34 (m,
2H, -CHy-), 1.6* (2H, -CH,-), 1.64 (s, 15H, CsMes), 1.70 (s, 15H, Csies), 1.83 (s, 15H, CsMes), 2.52 (m,
2H, -CHy-), 6.73 (dd, Jugy = 10.0 Hz, Juzr = 2.4 Hz, 1H, 43-C=CH"Bu). *C NMR (100 MHz, C¢Ds, 23 °C,
TMS): 610.4 (q, Jou = 126.7 Hz, Cshes), 11.2 (q, Jor = 126.7 Hz, CsMes), 12.0 (q, Jen = 126.0 Hz,
CsMes), 14.8 (q, Jou = 125.3 Hz, -CHs), 23.5 (t, Jon = 125.3 Hz, -CHy-), 38.2 (t, Jou = 120.9 Hz, -CHy-),
38.8 (t, Jou = 125.3 Hz, -CHy-), 77.3 (d, Jou = 151.6 Hz, u3-C=CH"Bu), 83.8 (s, CsMes), 90.5 (s, CsMes),
94.2 (s, CsMes), 264.6 (s, #-CO), 297.3 (s, us-C=CH"Bu). H-H COSY: 1.10-1.34, 1.10-1.6, 1.34-1.6,
1.34-2.52. HMQC (u-dc): 6.73-77.3. IR (ATR, cm™): 2954, 2904, 1721(vco), 1461, 1373, 1070, 1023,
643,

Reaction of 3a with CO,.

An NMR tube equipped with the J. Young valve was charged with a us(1)-phenyl acetylene complex
3a (27.3 mg, 33.5 pmol), CsDs (0.40 mL), and hexamethyl benzene (2.5 mg, 1.5 pmol) as an internal
standard. The solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated.
After the tube was warmed up to 23 °C, 1 atm of carbon dioxide was introduced into the tube. The tube

was allowed to react for 36 h at 80 °C. The no reaction was observed by the "H NMR spectroscopy.

Reaction of 4k with CO;. ~ Preparation of a us-ethylidyne, u-carbonyl, p-hydroxy complex
(Cp*Ru);(u-H)(p5-CMe)(u-CO)(p-OH) (34).
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A 50-mL Schlenk tube was charged with a complex 1 (86.4 mg, 121.0 pmol) and THF (7 mL). The
solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. After the tube
was warmed up to 23 °C, 1 atm of ethylene was introduced into the tube. The solution was stirred at
23 °C for 5 min. The solvent was removed under reduced pressure, and a ys-vinylidene complex 4k was
60% yield on basis of 'H NMR spectrum of the residual solid. Complex 4k was characterized by
comparing the spectra with its authentic [3¢]. This residual solid was dissolved in toluene (5 mL), the
solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. After the tube
was warmed up to 23 °C, 1 atm of carbon dioxide was introduced into the tube. The solution was stirred
for 7d at 80 °C. The solvent was removed under reduced pressure, and the residual solid was purified by
the use of column chromatography on alumina (Merck Art. No. 1097) with toluene/THF(1/1). The solvent
was removed under reduced pressure. A complex 34 was obtained as a dark-brown solid (44.4 mg,
46.9%). '"H NMR (400 MHz, C¢Ds, 23 °C, TMS): 6 —19.57 (s, 1H, Ru-H), 1.34 (s, 1H, u-OH), 161 (s,
15H, CsMes), 1.63 (s, 15H, CsMes), 1.86 (s, 15H, CsMes), 4.13 (s, 3H, Me). '>C NMR (100 MHz, CeDs,
23 °C, TMS): 6 9.7 (q, Jcu = 123.1 Hz, CsMes), 10.5 (q, Jer = 126.3 Hz, CsMes), 10.9 (q, Jeg = 122.3
Hz, CsMes), 45.7 (4, Jou = 124.7 Hz, Me), 90.9 (s, CsMes), 94.2 (s, CsMes), 96.8 (s, CsMes), 246.8 (s,
u-C0), 325.5 (s, 4s-C-). HMQC (8u-0c): 4.13-45.7. IR (ATR, cm™): 2978, 2900, 2852, 1727 (vco), 1456,
1373, 10235, 1005, 987.

Reaction of 1 with CO,. ~ Preparation of a y-carbonyl complex (Cp*Ru);(s-H),(4;-H)(n-CO) (32).

A 50-mL Schlenk tube was charged with a complex 1 (77.6 mg, 108.7 umol) and decane (5 mL). The
solution was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. An equivalent
of carbon dioxide (189 mmHg, 12.765 mL, 130.7 pumol) was introduced into the tube. The solution was
stirred at 180 °C for 3 d. The solvent was removed under reduced pressure, and the formation of a
complex 32 was confirmed by "H NMR spectroscopy (quantitatively). The residual solid was purified by
the use of column chromatography on alumina (Merck Art. No. 1097) with toluene. A dark-brown
fraction eluted with toluene/THF(10/1) was collected, and the solvent was removed under reduced
pressure, and u-carbonyl complex 32 was obtained as a brown solid (47.0 mg, 58.4% yield). Complex 32
was characterized by comparing the spectra its authentic [7].

An NMR tube equipped with the J. Young valve was charged with a complex 1 (12.4 mg, 17.4 pmol),
octane-ds (0.40 mL), and hexamethyl benzene (1.6 mg, 9.9 pmol) as an internal standard. The solution

7 Ohashi, M. Doctoral thesis, Tokyo Institute of Technology, 2003.
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was frozen by the use of a liquid-nitrogen bath, and then the tube was evacuated. After the tube was
warmed up to 23 °C, 1 atm of carbon dioxide was introduced into the tube. The tube was allowed to react
for 60 h at 180 °C. The formation of a di-u-carbonyl, u-carbonyl complex (Cp*Ru);(u-H)(u-CO),(u-0)
(35) was confirmed by 'H NMR spectroscopy (100% yield). "H NMR (400 MHz, CsDs, 23 °C, TMS): &
—22.00 (s, 1H, Ru-H), 1.80 (s, 15H, CsMes), 1.83 (s, 30H, CsMes). °C NMR (100 MHz, C¢Ds, 23 °C,
TMS): d 9.6 (q, Jor = 126.7 Hz, CsMes), 10.8 (q, Jen = 127.6 Hz, CsMes), 94.1 (s, CsMes), 94.8 (s,
CsMes), 226.6 (s, 4-CO). IR (ATR, cm'): 2984, 2908, 1786(vco), 1758(vco), 1453, 1374, 1027, 643.

Reaction of 32 with CO,,

A glass tube equipped with a greaseless valve was charged with a complex 32 (9.1 mg, 12.3 pmol) and
decane (2 mL). The solution was frozen by the use of a liquid-nitrogen bath, and then the tube was
evacuated, and then the tube was evacuated. After the tube was warmed up to 23 °C, 1 atm of carbon
dioxide was introduced into the tube. The solution was stirred for 3 d at 180 °C. The solvent was removed
under reduced pressure, and the formation of a complex 35 was confirmed by "H NMR spectroscopy

{quantitatively).

Hydrogenation of 33.~ Preparation of a us-hexylidyne, u-carbonyl cemplex (Cp*Ru);(p-H),(4;-C-
CH,;"Bu)(-CO) (36).

An NMR tube equipped with the J. Young valve was charged with a complex 33 (9.3 mg, 11.3 pmol),
CeDs (0.40 ml), and hexamethyl benzene (2.4 mg, 14.7 pmol) as an internal standard. The solution was
frozen by the use of a dry ice-methanol bath, and then the tube was evacuated. After the tube was warmed
up to 23 °C, 1 atm of hydrogen was introduced into the tube, Immediately the color of solution turned
from dark-green to dark-brown. The formation of a complex 36 was confirmed by "H NMR spectroscopy
(95% yield). The reaction was monitored by '"H NMR spectroscopy. The time-conversion curve for the
hydrogenation of the complex 33 was shown in the text. 'H NMR (400 MHz, CsDs, 23 °C, TMS): 6 —6.22
(s, 2H, Ru-H), 0.98 (t, Juu = 7.2 Hz, 3H, Me), 1.20 (m, 2H, -CH,-) 1.39 (m, 4H, -(CHy);-), 1.55 (br s, w112
= 9.9 Hz, 15H, CsMes), 1.97 (br s, wi, = 5.2 Hz, 30H, CsMes), 3.02 (m, 2H, 15-CCHz-). °C NMR (100
MHz, CDg, 23 °C, TMS): d 11.2 (g, Jor = 126.6 Hz, CsMes), 12.1 (q, Jou = 127.4 Hz, CsMes), 14.6 (q,
Jon = 124.2 Hz, -CH3), 23.5 (t, Jou = 122.5 Hz, -CH,-), 32.0 (t, Jou = 125.4 Hz), 32.6 (t, Jou = 123.8
Hz), 61.5 (t, Jog = 124.2 Hz), 83.8 (5, CsMes), 97.3 (s, CsMes), 256.8 (s, #-CO), 396.9 (s, p3-C-). H-H
COSY: 0.98-1.39, 1.20-1.39, 1.20-3.02. HMQC (dy-dc): 0.98-14.2, 1.20-23.5, 1.39-32.0, 1.39-32.6,
3.02-61.5. IR (ATR, cm’): 2965, 2902, 2859, 1707(vco), 1457, 1373, 1108, 1070, 1025.
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Protonation of 33. ~ Preparation of a cationic us;-hexenylidene, u-carbonyl complex [(Cp*Ru)s-
(u-H),(us-1"-C=CH"Bu)(u-CO)][BF,] (37-BF.,).

A 50-mL Schlenk tube was charged with a complex 33 (38.4 mg, 46.8 umol) and diethyl ether (4 mL).
HBF,Me;0 (7.0 pL, 57.5 pmol) was added to this solution at 23 °C. Immediately the brown precipitate
was formed. The solvent was removed under reduced pressure, and the residual solid was washed with
diethyl ether (3 mL x 5). The brown precipitate dried in vacuo, and a complex 37-BF, was obtained as a
brown crystalline solid (34.8 mg, 81.9% yield). "H NMR (400 MHz, acetone-d,, 23 °C, TMS): 6 —19.03
(d, Juu = 2.0 Hz, 1H, Ru-H), —15.74 (d, Jux = 2.0 Hz, 1H, Ru-H), 0.95 (t, Jux = 7.2 Hz, 3H, Me), 1.51
(m, 4H, (CH)z-), 1.75 (s, 15H, CsMes), 1.83 (s, 15H, CsMes), 1.91 (s, 15H, CsMes), 2.40 (m, 2H, -CHy-),
5.44 (dd, Juy = 10.0 Hz, 2.8 Hz, 1H, y3-CCH"Bu). 1*C NMR (100 MHz, acetone-ds,, 23 °C, TMS): § 9.7
(q, Jeu = 127.7 Hz, CsMes), 10.7 (q, Jou = 128.6 Hz, CsMes), 11.3 (q, Jo.m = 128.5 Hz, -CH3), 14.3 (q,
Jou = 128.5 Hz, Me), 23.2 (t, Jcu = 126.4 Hz, -CH»-), 36.4 (t, Jog = 127.0 Hz, -CH>), 37.1 (t, Jog =
127.2 Hz, -CH,-), 85.0 (d, Jog = 157.7 Hz, 43-CCH"Bu), 98.7 (s, CsMes), 100.8, (s, CsMes), 100.8, (s,
CsMes), 240.4 (s, u-CO), 324.4 (s, u5-CCH"Bu). H-H COSY: 0.98-1.51, 1.51-2.40, 2.40-5.44. HMQC
(Su-0c): 0.98-14.3, 1.51-23.2, 1.51-36.4, 2.40-37.1, 5.44-85.0 IR (ATR, cm™) 2960, 2910, 1778(vco),
1459, 1379, 1092, 1053, 650.

Hydrogenation of 37-BF,.

An NMR tube equipped with the J. Young valve was charged with a complex 37-BF,and acetone-ds
(0.40 mL) The solution was frozen by the use of a dry ice-methanol bath, and then the tube was evacuated.
After the tube was warmed up to 23 °C, 1 atm of hydrogen was introduced into the tube. The reaction was
monitored by "H NMR spectroscopy. The time-conversion curve for the hydrogenation of the complex

37-BF, was shown in the text.

Protonation of 32. ~ Preparation of a cationic, u-carbonyl complex [(Cp*Ru);(H),(u-CO)][BF,]
(38-BF,).

A 50-mL Schlenk tube was charged with a complex 32 (66.7 mg, 90.1 umol) and diethyl ether (5 mL).
HBF,Me,O (13.0 pL, 106.8 pmol) was added to this solution at 23 °C. Immediately the brown
precipitate was formed. The solvent was removed under reduced pressure, and the residual solid was
washed with diethyl ether (5 mL x 4). The brown precipitate dried in vacuo, and a complex 38-BF, was
obtained as a brown crystalline solid (66.5 mg, 89.2% yield). '"H NMR (400 MHz, acetone-d,, 23 °C,
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TMS): 6 —12.55 (s, 4H, Ru-H), 1.99 (s, 45H, CsMes). >C NMR (100 MHz, acetone-ds,, 23 °C, TMS): &
11.2 (q, Jo = 128.5 Hz, CsMes), 98.6 (s, CsMes), 260.4 (s, #-CO). IR (ATR, cm™) 2910, 1774(vco), 1458,
1380, 1095, 1052.

X-ray Structure Determination for 33, 34, 35, and 38-BF,.

X-ray quality crystal of 33, 34, 35, and 38-BF,. were obtained from the method described in the text
and mounted on glass fibers. Diffraction experiment of 33, 34, 35, and 38-BF, were performed on a
Rigaku RAXIS-RAPID imaging plate with graphite-monochromated MoKa radiation (A = 0.71069 A).
The structure of 33, 34, and 38-BF, were solved by the Patterson method and subsequent Fourier
difference techniques and refined anisotropically for all non-hydrogen atoms by full-matrix least squares
calculation on F* using SHELX-97 program package. The position of the hydrogen atoms bonded to the
ruthenium atom of 33 was located by sequential difference Fourier synthesis and was refined isotropically.
The structure of 35 was solved by the Patterson method and subsequent Fourier difference techniques and
refined anisotropically except the two of three Cp* group and the one of two carbonyl group by
full-matrix least squares calculation on F* using SHELX-97 program package. Crystal data and results of
the analysis of 33, 34, 35, and 38-BF, were listed in Table S - 3.

131



KBROE

The C(5) and C(6) atoms were disordered with thermal parameters with 44.2% : 55.8% occupancy and
the Cp* group bounded to Ru(1) were disordered with thermal parameters with 40.4% : 59.6% occupancy
in the complex 33. The Cp* group bounded to Ru(2) was disordered with thermal parameters with
46.3% : 53.7% occupancy in the complex 34. The Cp* group bounded to Ru(l) was disordered vﬁth
thermal parameters with 46.8% : 53.2% occupancy and the Cp* group bounded to Ru(2) was disordered
with thermal parameters with 50.5% : 49.5% occupancy and the carbonyl group of C(1)-O(2) was

disordered with thermal parameters with 48.5% : 51.5% occupancy in 35.

Table S - 3. Crystallographic Data for Complexes in Chapter 4.

33 34 35 38-BF,
Formula - C37H5601Rﬂ3 033H5002RU3 C32H4503Ru3 C31H49BF4ORU3
Fw 820.03 781.94 781.90 827.72
Crystal Color Green Brown Brown Brown
Crystal size (mm) 0.24 x0.15 % 0.14 0.15x0.12x0.05 020x0.15%x0.05 032x017x0.16
Crystallizing Solution Toluene (30 °C) THF (=15 °C) THF (-15 °C) Acetone/Et,0O
(Temp.) (23 °C)
Crystal System Monoclinic Monoclinic Triclinic Monoclinic
Space Group C2/c (#15) P2ym (#11) P-1(#2) P2,/c (#14)
a(d) 20.339(2) 8.5175(4) 8.3407(17) 8.684(2)
b(A) 11.7033(14) 18.2512(9) 11.014(2) 20.402(3)
c(A) 29.475(3) 11.0113(6) 17.980(5) 18.214(4)
a(®) 89.511(10)
B 98.549(5) 113.5790(18) 98.549(5) 91.444(9)
y (%) 109.410(7)
V(AY 6938.3(13) 1572.28(14) 1550.6(6) 3226.1(11)
VA 8 2 2 4
Peaie (g cm) 1.570 1.652 1.675 1.704
Temp. (°C) -120 ~150 -120 —80
# (MoKa) (mm™) 1.316 1.450 1472 1.432
28 max (°) 60 35 55 60
Data collected 42296 15501 24784 38877
Unique (Ry) 10621 (3.16%) 3709 (3.86%) 7058 (2.14%) 9668 (3.03%)
Parameters 399 140 352 689
Abs. Correction (min, max) Numerical Empirical Empirical Numerical
(0.7730, 0.8785) (0.7303,1.0000)  (0.7864, 1.0000)  (0.7396, 0.8749)
GOF 1.044 1.090 1.026 1.040
Ri{>2aD) 0.033% 0.0750 0.0422 0.0284
wRy (I>206(D)) 0.0854 0.1978 0.1132 0.0741
R, (all data) 0.0359 0.0929 0.0453 0.0338
wiR, (all data) 0.0867 0.2169 0.1160 0.0769
Largest diff. Peak and hole ~ 1.771 and ~-1.179 3.504 and -2.194  1.299 and ~0.837  1.143 and -0.877

eA?)
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