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Design and construction of tetra- and pentaruthenium

reaction field and reaction with organic substrates.

Naoki Uehara
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acac acetylacetonato

Bu butyl

Cp cyclopentadienyl (77°-CsHs)

Cp* 1,2,3,4,5-pentamethylcyclopentadienyl (77-CsMes)

Cp** 1-ethyl-2,3,4,5-tetramethylcyclopentadienyl (77°-CsMe4Et)

cv cyclic voltammetry

Et ethyl

HOMO  highest occupied molecular orbital

LUMO  lowest unoccupied molecular orbital

Me methyl

MeCp 1-methylcyclopentadienyl (77°-CsH,Me)
Me,Cp 1,3-dimethylcyclopentadienyl (77°-CsH;Me,)

Ph phenyl

Pr propyl

‘Bu tertiary butyl

tmeda tetramethylethylenediamine

THF tetrahydrofuran
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B RBIIRE—

AE—RETRRICB W T RETH Y ERM L OFBERES TH 272 8 D% < OFIRD
b TR Db TV S, RE—Rfilflt LTl RS FideRRmosd L TSR AET D
LR EDIEEAESND T &M D 2 OMERCRHEIR RIS Ll RE L EEOR M 2~
L TRl R SN TE, LLARRH, EBREFEICRT DE—5F LUV TORISEDFMIT
DWTERERFDL Z LI ROCEH#ETH D Z 00 EBRREDETNVE LTEEBI T AL —
R HIVEBREA BB ST R i, &R 2 5 A4 —IE, Cotton 12 & 1 TABR M SETAY 2 2 L
THEHBNZFEAERHD L IR 2 2H 2 WEENU LO&RIFRFO—# (“a compound containing a
finite group of metal atoms which are held together entirely, mainly, or at least to a significant extent, by
bonds directly between metal atoms.”)| & EFHSNTEY ., ' vy &JE & RS EO PRIC
FLEAHT STV 5 (Figure 1 - 1),

- -

mononuclear
" complex

bulk metal colloids cluster

Figure 1 -1 7 A & —DLiERHT

! Cotton, F. A. Q. Rev. Chem. Soc. 1966, 416. 7 T X 5 — &\ ST —IRAICIE RT3 2 WIds T8 2~k
EHEEE TR (77 AF—OMs, AR BUE, BHmAE, RO, 1992) & SHT0D R, £OEHRT
F5D CHERBK T d 2. Jortner 137 7 A5 —%, {LFMHADOBMEINE 2FICKRIIL, S bICHESDOMENS 6 fE
BT U (Jortner, 1. Ber. Bunsenges. Phys. Chem. 1984, 88, 188.), ¥ 3™ weak interaction” & ”strong
interaction”tZ 4348 L, %V T weak interaction” % van der Waals cluster, Molecular cluster, Hydrogen-bonded
cluster {Z, "strong interaction” % Ionic cluster, Valence cluster, Metallic cluster {2 KR U7z, & REEEOH A
&R A4 =L LTRAT 50088 THY, UTZ IR —-LDORTIL, @B 7 A2—%7ThH
DETB SRS TAZ—DEZLHFE TRV, B, [EBRICHESEAT 5 3 HE LogBENT
BN BN ST (@R 7 7 A X —0fkd, KIg 3528, 16 s, Z2aliie s & —, 1
1986.), ¢ molecular complexes with metal-metal bonds that form triangular or larger closed structures’ (Shriver, D. F.;
Atkins, P. W.; Langford, C. H. Inorganic chemistry 2" Edition; Oxford University Press: Oxford, 1994.) 72 &5E#i08
b5, ZZTERLELEEZ LD Cotton HDEBRETA L. EQR- BRGSO KWL REE
REFAHEL EROTIIEREZCEERMETH S), LT LR TRY TR EZI DI TRV EKE
EXNLETHDS. .
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QIR T A H Ik, A BN CEARE O A R R 5 - LA TE, £
NMR & V2 2 &8 & o THEIRIRIRIC R 2 28 28009 5 Z L N TH B2 PH—45F L
NIVTOGHPHETHY, 22 THELNEMRERIFZICT 1 — Ry 7 T52 LT, &B
RIEORHERFM S TE T, Fl2E, W=y 7 Ut FU REEER (17-CsHs)yNiy(s-H); D
ERY RE T, B TARETAIC X 0 2 OB ED B, Ni-H BN 0.169 nm T B =
ERPFLMCENT, 2 Zhicst L, LEED® 12X Y A BT Sz HNi(111) (6= 0.5) %, A
JAF-23 3 20 Ni L FI2 ZFBRBRAL L TR Y , % D Ni-H IF#EL 0.184 nm TH 5 (Figure 1 -2),
P20 —AFEKBTWAZEBHLNTHY, ZFAFX—NERERDET N ERY 55
ZEERLTOED,

Figure 1 - 2 W=7 b Y & F Y REEROPHEFRIEITEIC X 2 EFERE (EX), HNi(111) (8= 0.5)
@ LEED X VR oz RFERE HX)

Flo. @BREITET D RAGKBRAETD JL+HIERESC IR A7 ML, £< OHRAEXIST
2 BALARRENL T 2 B oA BSERICBITN D Z L B8 BT, Flzid, Ni(100)B L0t
Cu(100)Z KW 75 L7z B WVl = VB -0 M-C R ERE#fEE 0.175, 0.190 nm, IR A~XZ | /L& 2070,
2100 em™ T 0 .° PA(100) (0= 0.5) \ZEAEEINL L 72 0 VAR = VR0 M-C [HEEEEI. 0.193 nm,
RO AT B VI 1900 em™ T B, ¢ THE. SIRT D B VR = VBN F & AT DA A R
EDARYT MUEE XL —BLTWD, £, @B7 7 A F — ORISR TG PR & 72
HYEREHEEL, ZOMEEHA LT HZ ERTHRTHIHA DL . RIGHEEOMIIC K E

% Joetzle, T. F.; Muller, I.; Tipton, D. L.; Hart, D. W.; Bau, R. J. Am. Chem. Soc. 1979, 101, 5631.

% low-energy electron diffraction ({EEERE FHRIE14T)

4 Christman, K.; Behm, R. I.; Ertl, G.; Van Hove, M. A.; Weinberg, W. H. J. Chem. Phys. 1979, 70, 4168.

> (a) Andersson, S.; Pendry, J. B. Surface Sci. 1978, 71, 75. (b) Andersson, S.; Pendry, J. B. Phys. Rev. Lett. 1979, 43,
363. (c) Andersson, S. Solid State Commun. 1977, 21, 75. (d) Pritchard, J.; Catterick, T.; Gupta, R. K. Surface Sci.
1975, 53, 1. (e) Andersson, S. Surface Sci. 1979, 89, 477. (f) Sexton, B. Chem. Phys. Lett. 1979, 63, 451.

6 (a) Bradshow, A. M; Hoffman, F. M. Surface Sci. 1978, 72, 513. (b) Behm, R. J.; Christmann, K.; Ertl, G,; Van



®
o
)
%Iﬁ

<ELTHNRTVG,

EBRMEE 7 T A —Fls L OFR % Figure 1 -31CR Lz, —ENICERBRE L. HEFOR
SRS TERBRETHEH L TCWARAT v AT v 7Ol S o 7o % 0 7 72 EOFRHRINED
CTEEL. & OFLAREAF R AL SOSEIC BT b D EBEZ N TWD, ZD X 5 e ERiE
V2t B EE OB ERZUC B LA R 215 2 72 91213, Figure 1- 30 FRNCAR L7 & 5 7afkx 7ot
EOGR Y T A S — O NE T B,

tri-capped
octahedral

trigonal prism butterfly

Figure 1 -3 &BRHE L SR T A% —FHKOMHE

B2 SHERYSRI—OBRELURR

G T 25— OREOERIEN, 2RI T 25— SHRIEOEEC, IR &
OB ERSEC R L TCOHATHE 2 B hoTE, ' ThETIKERI FAF—L L
THNR=NY FAZ—RECHRINTE T,

Hove, M. A. J. Chem. Phys. 1980, 73, 2984,

" Dyson, P. I.; Mclndoe, J. S. Transition Metal Carbonyl Cluster Chemistry; Gordon and Breach Science Publishers:
Netherlands, 2000.

8 Adams, R. D.; Cotton, F. A. Catalysis by Di- and Polynuclear Metal Cluster Complexes; Wiley-VCH: New York,
1998.
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LU, TV = VBT i3 O BB & 0 BN RAAFEE 2 2213 5 28, LR = LEAL 708
K2 2 CABRINL T D 2 L RTRETH B = L 26— HA U 7= B AR ASFNEE S UEEE 0D 7 /LR

ZVERALFIT KD BED L, BOSTE M Ru3(CO)q2
DEFHARZ B, Fle, DAR=) 3mh\\¥,wmo
BLAL T- 2358\ maccepter PE % B0 = CTHN 12171

6/7HRU3(CO)11- 4I7H2

e, ERPOLOETEENET 21760
HOCH,CH,OH 3/7RU(CO)sl,”

L, RO KTEERIETLTCLE 571
HYEWHENR DD, Elm, IR

4/7
RU(CO)3|3'

2T 5 AL DRI BT RIS © Ru(CONY
TEERE & R84 S B 72 IS EAS 17/7H, co
5/7CO Ru(COMl
LD @B-RIESDHDVIEEE- T r
VIR = UAE A DB RN ML L 7p A 1 2HRu(CO)y’
G LIELIEH 5, BRICKI; B4 Scheme - 1Ru(CO), AL LI 2T L 7Y S — VOB
B-&REHE ORKIL, BgEeETe Ru

CO/Hy ——» Ru—CH + Ru-CH;OH + CH30H

BHOGRERBET HHREMENR DY, 7
T AL —EET Ko THRISCEE LT
LINIE I WP D5, FIZX, =T
- '7A Fﬁfﬁﬁ/[/ﬂf;ﬂ/ﬁ%ﬁg%ﬂ%b\f:“ CH3Co(CO)4 é CH3C-Co(CO0)4
BLIRBEN D= F LT Y a— 3B

T DB TIL, TEMERRI SR PO A LI
R THD I ERBRISNLTWVWD
(Scheme 1 - 1), ° E7-, Knifton (2 &9,
Ruy(CO),,/Col, Z Mz AV BEBR G AL Tl Y1 7 VNITiZ 7 T A F — i< &,
TR ZVEE RIS BEE R & A SEDHIREA L L TORFZR L TVDIZTERNEN
SIS SNTVWD (Scheme 1-2), ' E72, IAR=)NVT 5 R E—% T HHEEE OEMAL
WRWTH, AN H LM INDBEMICE L2 2 8% <, KISHIE R CI3AH e A3 #%
CHEESNTWD, ThODOMEAL, WAVBNY FRAE—CRERT#THY . 1 SOBRREE
FTLDTH B, | |

EEY T AF—i%, BHESERICITR 3 SOREIIREBREEZA L TWD, 1 i, &R-&8
FRENLTE OETFRIEL L 7 T 24 —OMEBIT 5 S BABHOMIETH Y, 2 it

CH30H+HI ——» CHjl + H,0

CHjsl + Co(CO)4 —<:>_ CH3Co(CO)4 + I

CH3C-Co(CO); +HzO ——p» GCH3COOH + HCo(CO)4

Scheme 1 - 2 Ruz(CO)yo/Col, & iz FAV - BERR A K |

® Knifton, J. F. J. Am. Chem. Soc. 1981, 103, 3959. b) Dombek, B. P. J. Am. Chem. Soc. 1981, 103, 6508.
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RELHEOSBETOPMEERTE 2L AEMOBETH Y, 3 2D TRICEEICAETD
BAERISCHACTE2EFHE L TOMETH D, 203 2OWMREFRF>&F 7 7 A% — LT
X, 28R P LRI HRINCEEICER TS 2 LT XY BESER BT B R W RIS A
CREDHERMENADH Y, D3 SOMEEE WRICER S ELPBERT T A S —IRORE RER
D12THD, 2D 3 OOMELZHNCHKESEHLEBI T RAY —DFREOFKMEL LT R
D3RERF LIS ELCRB/EA D D WVIIRGEEMN T2 E L CBR TETFTORZNRH D2 &,
%2 WL RICEAREEREE R T2 Z EBHERTHD Z L 3 ICHILDRIE T T A

—HHEBRRELINZETh D, ThoDRMEZRTT 7 T RF—L LT, Fox DIFET L—
TV Cpr A RN T & T2 AT =V LT R T E N REEE (7-CsMeshRup(u-H)y DE
BAC B Uiz, ' b KU RRALFE, AAR=ABG T & B2 &RTLOBFHELZTITS
TENRL I IARAETRENRISE R T D, Elct Y FEAFIIESICREET 5 Z & A5w]
BTHY | B AEEMEL LR T 2 I ERTETH L, AT =T LT T R MERITH
WMEE L OIS BIES R SR TBY . 2 E TR SR TCIh oy T AZ— LT
BRI SO & DB & 44 5 B DI B ER L CE 7k, 1HE LT, =FLro
EHALERLE (eq. 1- 1), ¥ “EBAT = AT T R REihE =F LV OKETIE, 22
DNVT =T LD H—HFREMNYA bELTF LU ERVIALE, @R-&BMaE2 ML
FLrOaBETREG 9 —FDONT =T LIFRIAL, ZORER, &2 —HDNT =0 LDRILEY
HAIRED M L L =F L D C-H AN s, Y= L SRR AERT 2,

1/
{/>/u_}% = o /;ﬁ L.ZR;{ (eq. 1- 1)

EMC AR Y B RY RS E LT Theopold HIz k2 8z L b MU B R U Rk, B
Girolami HIZ XD A A I VAT bk Y REEHE" 2B mbh g, i Gk, Fryzuk
LA, THREZVEAT R T R REMEDAEEHE L, 2 OERIEMARSN T TERNT L

10 Knifton, J. F. Chem. Eng. News 1986, 64 (May 5), 43.

1" () Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Moro-oka, Y. Organometallics 1988, 7, 2243. (b) Suzuki, H.;
Omori, Moro-oka, Y. Organometallics 1988, 7, 2579. (¢} Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima,
M.; Tanaka, M.; Moro-oka, Y. Organometallics 1994, 13, 1129.

12 Suzuki, H.; Takaya, Y.; Takemori, T.; Tanaka, M. J. Am. Chem. Soc. 1994, 116, 10779,

3 Kersten, J. L.; Reingold, A. L.; Theopold, K. H.; Casey, C. P.; Windenhoefer, R. A.; Hop, C. E. C. A. Angew Chem.
Int. Ed. 1992, 31, 1341.

4 Gross, C. L.; Wilson, S. R.; Girolami, G. S. J. Am. Chem. Soc. 1997, 119, 10294.
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BOS L, BRBEZ U ZIVEICERG LR e AR T2 L 2 RH L (Scheme 1-3), ¥ &H1z
BRECEAF VR - TAFR - TLUIZULREREATEI L LTEETHY ., ik vHE - 7oA
ROGRCIIER-ERXFETOUMMNREDZ L bHEL TS, ©

Scheme 1 -3 X L ZAT hT v N FeEOERK & Kk

B O X0 4RI & 2 BN R EE OEME(LRER R L35 & PR L Fhx OB
IN—TRXEIVEZORY B Y REEERELTCEZBAT =0 a0 FEe R FE§E
(17-CsMes)Rus(u-H)s(us-H), DAREERL LTz, 7 ZRAT =0 A0 2 e FU FESRIT, B3
I B T & T AR TR T & RA o T IRFN R MRIC I 1) D kA IR Ao CH,
C-C,C=C AU 2 3 LT & 7= (Scheme 1-4), ® ZHBDFMIL 3 SD& BT LI L HE
B7ZRIEHAIC L D R AN b DO TH D, ZHAR Y & FU REEEITHR~ ORI N —THBER L
TeZBNT =0 A2 e R REEEROMIZIZ, Theopold E&:at DRV T R I ERY
REEK, ¥ Stuss-Fink HICL D7 L—VEMNL T 28T 52T =7 a8 ) b U MEHEO®mE
BENTVDORTHD, ¥ ZHEa/UV T b T R U RESMRITERMEE VD 2 & 5 b RS TE

' 2) Fryzuk, M. D.; Johnson, S. A.; Retting, S. J. J. Am. Chem. Soc. 1998, 120, 11024. b) Fryzuk, M. D.; Johnson, S.
A.; Patrick, B. O.; Albinati, A.; Mason, S. A.; Koetzle, T. F. J. Am. Chem. Soc. 2001, 123, 3960.

¢ a) Fryzuk, M. D.; MacKay, B. A.; Johnson, S. A.; Patrick, B. Q. Angew. Chem. Int. Ed. 2002, 41, 3709. b) Fryzuk,
M. D.; MacKay, B. A.; Patrick, B. O. J. Am. Chem. Soc. 2003, 125, 3234. c) MacKay, B. A.; Johnson, S. A.; Patrick,
B. O.; Fryzuk, M. D. Can: J. Chem. 2005, 83, 315. d) Studt, F.; MacKay, B. A.; Johnson, S. A.; Patrick, B. O.; Fryzuk,
M. D.; Tuczek, F. Chem. Eur. J. 2005, 11, 604, ¢) MacKay, B. A:; Patrick, B. O.; Fryzuk, M. D. Organometallics 2005,
24, 3836.

7 Suzuki, H.; Kakigano, T.; Tada, K.; Igarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem.
Soc. Jpn. 2005, 78, 67.

18 (a) Suzuki, H.; Takaya, Y.; Takemori, T.; Tanaka, M. J. Am. Chem. Soc. 1994, 116, 10779. (b) Suzuki, H.;
Takemori, T.; Inagaki, A. J. Synth. Org. Chem., Jpn. 1999, 57, 935. (c) Inagaki, A.; Takemori, T., Tanaka, M.; Suzuki,
H. Angew. Chem. Int. Ed. 2000, 39, 404.

19 a) Meister, G.; Rheinwald, G.; Steeckli-Evans, H.; Stiss-Fink, G. J. Chem. Soc., Dalton Trans. 1994, 3215. b) Faure,
M.; Jahncke, M.; Neels, A.; Steeckli-Evans, H.; Siiss-Fink, G. Polyhedron 1999, 18, 2679. c) Faure, M.; Vallina, A. T.;
Steeckli-Evans, H.; Siiss-Fink, G. J. Organomet. Chem. 2001, 621, 103. d) Laurenczy, G.; Vieille-Petit, L.; Therrien,
B.; Siiss-Fink, G.; Ward, T. R. Adv. Synth. Catal. 2002, 344, 1073. e) Vieille-Petit, L.; Therrien, B.; Siiss-Fink, G.
Inorg. Chim. Acta 2003, 355, 394. f) Vieille-Petit, L.; Therrien, B.; Siiss-Fink, G.; Ward, T. R. J. Organomet. Chem.
2003, 684, 117. g) Vieille-Petit, L.; Therrien, B.; Siiss-Fink, G. Inorg. Chim. Acta 2004, 357, 3437. h) Vieille-Petit, L.;
Therrien, B.; Siiss-Fink, G. Inorg. Chim. Acta 2004, 357, 3289. i) Vieille-Petit, L.; Therrien, B.; Siiss-Fink, G. J. Mol.
Struct. 2005, 749, 183. j) Hagan, C. M.; Vieille-Petit, L.; Laurenczy, G; Stiss-Fink, G.; Finke, R. G. Organometallics
2005, 24, 1819. k) Vieille-Petit, L.; Siiss-Fink, G.; Therrien, B.; Ward, T. R.; Steeckli-Evans, H.; Labat, G,;
Karmazin-Brelot, L.; Neels, A.; Biirgi, T.; Finke, R. G.; Hagan, C. M. Organometallics 2005, 24, 6104.



Scheme 1-4 ZFNT = AU F E R FEERO KIS

B ZEARY B R REEEOFISHIED b B OSR P02 1 SO HENICERT
5T LT RFIREM T TRNEMICRE LR ZUWT 2205 TLeRF LK DT
Bi720EHE(L)  (multimetallic activation) 23KV & KU K27 52 % — FCILERCE 5 2 & 85 b
neani,

multimetallic activation DFEHLEE 2 2B, @B L, TROLEHIIRERRFTH D,
ZELICL Y, 7 T AZ —ORBLEBEMTEZ LT, 7 FAFX—MBOBEBEE L TORSE
ZRVBIRBETHZ ENTE, FIAIXLEROBIGETLNIG: SWOSARHGTE 5, .
multimetallic activation IX&J&-&BHEEG 20 L CRISEEA~BT 2T 22 Lic L W RES
L2EEBEZONDD, ER-SBEAVHEMTLZLC, BERKATIETE LV BB - it
BT D ERFRRICR S, Elo, ®B-@BEGOMNL., @B LERBEICEONTSZ LI
Y. 7 I RAE—DEEEA~OSREY ORI/ TE D, ZREMOBRNOE X EE.

%0 (a) Casey, C. P.; Hallenbeck, S. L.; Widenhoefer, R. A. J. Am. Chem. Soc. 1995, 117, 4607. (b) Casey, C. P.;
Widenhoefer, R. A.; Hallenbeck, S. L.; Hayashi, R. K.; Powell, D. R.; Smith, G. W. Organometallics 1994, 13, 1521.
(c) Casey, C. P.; Widenhoefer, R. A.; Hallenbeck, S. L. Organometallics 1993, 12, 3788.



SIALITIEVER O, BALAOBIINTH Y | R OEE T LI TX 572 &, BETEHL O A
HEREBEFTBbOTH D, Fl, ERULTHZ LT, HEEROLB-SBRMEAOHZ - B4
WRBIHEE 57 5IE, “8 - MR TR TETH T 2GR OHEIC L AR
HARMEORERTWETHD, NOOME LY, L VBOKRE R T A Y —DORISEOR
I EE b B,

LER T T ALY — &R DI b0 BEERRELENOSHER Y 724 —DaREY
MLTHZETHD, TNETIRHESNTVWBERER Y 7 A4 —DERKRIEZ, TiehvR=
NI FAE =T D, —IRIITIE, B IBIR DD 72\ H LR = USRS B LA [1F 2 7 s
AV BB B, ZORETR T TR 4 568 SR TIER bR, BBIC LD 7 5 2
5 b — LB & S L C R RERIR 2 B D T 2 L IS AR =Y 5 R E —D—
HRHI R BRRIE & ST D, L U BRI —MRIICRE 2 723 0 AL R OWR-A M DS EFR L
IRAMES . E oy A0 - FESEE LK AN D D, BIZIE, Lewis HIC LB =HAAI T AR
F I B NR AR R & LT SIS AR IR, TR & ABSE R DR N B LIS
& bin, BUSREC XY RO NENT D &EPHE S TVD (Scheme 1 -5), *

210 °C
0s3(CO)y3 ~——————— Os5(CO)qg + Osg(CO)qg + OS7(CO)zq + Osg(CO)y3
7% 80% 10% 2%
250 °C
Os3(CO)3 =———— Os4(CO)qg + 0s7(CO)zq + Osg(CO)y;3 + OsgC(CO)q + Os5C(CO)45
60% 20% 5% 8% 5%

Scheme 1 -5 $EA A I U 2K RO A K

CECIEARSNEEEYEBSRE LR L LTHTAHERY £ R REEEROAR
e LTI RRATA FEEE E RY FRIEE ORIGE V500 RIARTFEL R>TV 5,
BRI OGEAT A FEERE FY FRIEDRIUC L 0 BRAR Y £ R Y FERO AR R T X
BHDOLIES D, |

EI3H SHMBERLS
VAL - FESERIE. TRERSHMAIC R T, SRERARRINEE AT D OREMTH B, K
S L LT, BEO&BIL., OB, SHOTEREE L, SEREKIC Lo LS bIcHk

2l Eady, C. R.; Johnson, B. F. G; Lewis, J. J. Chem. Soc., Dalton Trans. 1975, 2606.

10



DEGSGEAT HAREMER S 5, Wiz, TR X OISR DG SW TR, SRS

G DRFIZ SOV TIRN D,

. mEsE R D&

[ = i R D Ol = U
tetrahedral, folded butterfly,
planar-butterfly, square planar, #5k
721 & LT appended trianglar <°
linear (bent) oligomer 7 & 234015
N TW3 (Scheme 1 - 6), 2
Tetrahedral #1&ED§EERIZZL < DA
B DRENRDH Y, a0 B
DU LAY VT LI EOWES
WA= NVBEEDB LR ENT
V3, Folded butterfly *ﬁiﬁf DEEE
i, TR R TS REE LT
BHEEE LT—REURbOTH

tetrahedral folded butterfly planar-butterfly

N
e

square-planar

linear or bent oligomer

appended friangular

Scheme 1 -6 TIZSE (G #

D, INRoNVEFEETLICE OBEPHLPICENTETND, LNLLARRL,

planar-butterfly, square planar i % 9" 2 WG E DO WA HIIBRALE b R B THRV, ZhE
T HURE T X OB EMEATIC X 0 #5323 & 22 T 17z planar-butterfly, square planar #1% % £ 3 5
WZEER DR 7R LTz (Table 1 - 1), FiT TiX, Angelici 2%, 7 mu~X ¥ Vi:/lfﬁ%b‘/f
ROY 2 —=TOROERMNF &2 AT, PEBEMUELVT =0 LERORKICKEI LTV D

(Figure 1 -4) ,

2 Metal clusters in catalysis (Studies in surface science and catalysis; vol. 29); Gates, B.C.; Guezi, L.; Kndzinger,
H., Ed.; Elesevier Science: New York, 1986.
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Table 1 - 1 {372 butterfly, square planer 13 0 W Zpk {4

complexes geometry ref.
Ref(CONs” planar-butterfly 23 ~/
(17°-CsHs),Ni Fey(CO)N(EtC,EL) square planar 24 \Sisﬁl
Pt4(O,CCH;)g square planar 25 - _Ru=H_I
Ir4(CO)[Co(COMe,)4 square planar 26 H7 L agRy
. ~_1,7 CO CQj
(Me;SiCH,Cu)y square planar 27 Ru--.___l..
[Pd4(CO)4(OAC)][(AcOH),] square planar 28 | H’_Rl‘{ si—
[Ru,(CO),1(PPh),] square planar 29 Cco Si_ ™

{(775'C5H3)2(SiMez)Z}zRU4(CO)4H4 square planar 30

Figure 1 -4 {(#’ -CsHj)y(SiMey); }oRus(CO)H, DS

LrL, 26 OFERIIBERHA BN S HBPECE E 0 | 2 OARERICE L OlFIER
HThd, £, %< OREIRRAF CEBEHENMEICH T 6Ty, RISk L
THIFEAEH LN LTV, T X I 72 butterfly <R° square planar 115 % 67 5 A B
SEANE S NAUE FEAIZIX 4 SOSB P OB ISHICBR D AENZ VT L HEERT S 2 L
NHEETH D, - T, 4 O@é:i‘ﬁtplb K BEE DOIEMAL tetrametallic actlvatlon ko T, &
Y ZhIRI e FEE OTEHAL ML = 5 & PARS v, DUAESE IR SUSIB I B 22 SO A EIT 32 & & 03
FFE %, Butterfly % square planar #1& % F 9 5 GRS RIGE L BEES T 2 BEF O F1EIT /e R
7RIS THY . B Y MEHRICHEMET 2 2 LI cd b, fE- T, tetrahedral B O PUELSEA
EHIBRA L L CRBREA 29N 52 L1 LV, butterfly < square planar #3& DO$EE %155 5
FIIAIRTFED 1 >ThHDEELLND,

Tetrahedral 7 U % 68 K O & JE I 5 & 2 EOWT L 726l & L Cik. Longoni & 7S I % 8k 6 i
[Fes(CO)s*” & 7' 7 biAb$ 2T & T, Fe-Fe fEAD 1 D&YIT L, folded butterfly HiED S5
Fe, (CO)sH ZF T3 (eq 1-2), ' Z DML, BAL CO D 1 DR FHE DIEIHA B3 Tgkic
B9 5 2 & T EAN HlZRi7Z LCW3d, ZI T, 4 DOKRT LA Lo VAR = VAT 0
C-O fEAHEREL, K CO IR TRR Y HOTNS, TRbBIEREINTND Z 28 X #it

2 Churchill, M. R.; Bau, R. Inorg. Chem. 1968, 7, 2606.

24 Qappa, E.; Tiripicchio, A.; Camellini, M. T. J. Organomet. Chem. 1980, 199, 243,

% (a) Carrondo, M. A. A. F. de C. T.; Skapski, A. C. Acta. Cryst. 1978, B34, 1857. b) Carrondo, M. A. A. F. de C. T;
Skapski, A. C. dcta. Cryst. 1978, B34, 3576. c¢) Carrondo, M. A. A, F. de C. T.; Skapski, A. C. J. Chem. Soc., Chem.
Commun. 1976, 410.

% Hereldt, P. F.; Johnson, B. F. G.; Lewis, I.; Raithby, P. R.; Sheldrick, G. M. J. Chem. Soc., Chem. Commun. 1978,
1940.

7 Jarvis, J. A. J.; Kilboum, B. T.; Pearce, R.; Lappert, M. F. J. Chem. Soc., Chem. Commun. 1973, 475,

2 Moiseev, V. W.; Stromonova, T. A.; Vargaftig, M. N.; Mazo, G. J.; Kuz’mina, L. G.; Struchkov, Y. T. J. Chem. Soc.,
Chem. Commun. 1978, 27.

2% Field, J. S.; Haines, R. J.; Smit, D. N. J. Organomet. Chem. 1982, 224, C49,

3 Klein, D. P. ; Ovchinnikov, M. V; Ellern, A.; Angelici, R. J. Organometallics 2003, 22, 3691.

31 Manassero, M.; Sansoni, M.; Longoni, G. J. Chem. Soc., Chem. Commun. 1976, 919.
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£

REEMATIC L VB OMNCE T, Z DX 5 BRI R o VB FIIBUNEC S ., & I BOG&
ZTbDEHMFENS,

Fe - 2- Fe\ -
/7 INF° H" ,Fe~/ \f (eq. 1-2)
\

Fe\ ‘ » H
N ~7/~Fe /
(COTR i \ / (CON2
ARSEOWE

TGS B & L CiX. trigonal bypyramidal, square pyramidal, edge-capped tetrahedron,
atom-sharing triangle 2340 53TV 5 (Figure 1 - 5), T3V E TIZAK S 7o fFEMW T2 FALGE R DR
{5 % Table 1 - 21TRT,

Table 1 -2 RERA 2 TLEEEOREH] L 1#1E
complexes geometry ref.

0s5(CO)y4 trigonal bypyramidal 32
[Ni5<CO)12]2_ trigonal bypyram‘dal 33 trigonal bypyramidal square pyramidal
OssHy(CO)y5 edge-bridged tetrahedron 34
FesC(CO)ys square pyramidal 35
[Fe,(PA)(CO)i > atom-sharing triangle 36 % L :I
edge-capped ing triangle

Figure 1 - 5 FkESEE D&

TAZGERIZ IV TIL, square pyramidal IO FEEIL, 4 OB T LA EEHHE L TRBY, 2
DIISHEIESER O YA & AFRIC . tetrametallic activation NFRETH D L E2X BN D, Eiz,
square pyramidal ZUEE {1 trigonal bypyramidal HUEE DG R-E RS % 1 U2 Z & kD
AR TE D ETFREND,

Fie. BRGEEOYRA. SIRIEREA OB TR ABIGRERE R H b MeN TN, &

w
~

Reichert, B. E.; Sheldrick, G M. Acta. Cryst. 1978, B34, 1725.

Longoni, G.; Chini, P.; Lower, L. D.; Dahl, L. F. J. Am. Chem. Soc. 1975, 97, 5034.
Guy, 1. 1.; Sheldrick, G. M. Acta. Cryst. 1978, B34, 1722.

35 Braye, E. H.; Dahl, L. F.; Hiibel, W.; Wampler, D. L. J. dm. Chem. Soc. 1962, 84, 4633.
Longoni, G..; Manassero, M.; Sansoni, M. J. Am. Chem. Soc. 1980, 102, 3242,

woow
W

w
=N
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BER T, VT =U b B U T AT R ETe HEESEARD trigonal bypyramidal & edge-capped
tetrahedron D CH MR BNBREZ RTZ RN TR Y .Y VT =0 s b AL EE oA,
IR C b Il OB O BIOAR & R T IS RE SHTV 5, % 20 & 5 IR <
SR OBINGEBTRIC £ 52 T A 4 — OWEERIT JERO SR Y T A 5 —C e A 72
PIC & 0 BT % W & | BT AT & 5 /E S R DIt Ly 200 5 CRUT R AIE % 5
ST | BRI RS TR B EDIATh B, SRS 5 X F—DSETHH, 5
SR, BT OBEICHET R A A b5 = b T, 4% CICHIER LB 4o To RS A
& BTN B 5,

Ea8i AMEOEHM

SFRICLEBTLEET L EREER) b R F2 527 — 13 BEROER T LOHERN
BREFIC LY BOREERET 5 & & bIic, SR TIIR SN2 W RIS E R T2
ERPLMNCENTETND, L, ZEGBEEOLEFBE), LR, BFEE VO M
HOWHESEE LIEHERTH D, ERTLOKEHEMEED, TROLEHETD I EICLY,
THHLDOMEEN L VIR BT D L L BICRISHOSREOBMMAIFETE 5, 2k, &
D& DEBFPLEETVRIGICEEGT 5 Z & T UERBIER TR LRV X 9 RARTEERb T
EGOUIWTA IR TE 5,

AWFFETIL, VT = LEPLERET DU, LY TR L —ISHOEEELE—DORN L
L7z, P&, AL T =T LRI B RY R FRE—OHRETV, £DT T AL — G DE
TARAE, MABREAFME L, ZH D ORISR OE 2 MR Lz, WNT, ALY 7
AR = ERRALETAX Y, AV T 4V, © Ruy T o Sfkix RAERIEE & ORIGDOR
MEHE_OHME U ZESEERRISHCBIT 2FHROSTERE W b L, 2h b ORI,
AFHILOH 3, 4,5,6 IR LTz,

AL TEIOEREINTEY, FEOMEILTOLEBY Th o,

HETIE, 2R T AY—OREEIRS, 7T X5 —RO B L BHE ik, Ko
ETOY T AE—HHIRD RIFRICOWTHIET 5 & L bic, &BFLEEMS TS, T742b
BERHL &V S AT B Y E B e,

H2ETIE, TRNETHAOLNTVWALEERY & R REHERDERIEEBE L, Cp Rl F+%
BT B, TN T = AR & R Y RESKOGRERE Lz, &5I0, ZOMEOETIRE

37 Qu, C.-1.; Chi, Y.; Peng, S.-M.; Lee, G-H. Organometallics 1995, 14, 4286.
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=

Z, BRACENFEEZ RO CHMt L7,

HI3ETIE, WBAT v a~FTe R REERLETAX L DRIRERET L, BEEHRE
W, RB-RFREE W 572 8, MR A ORISR ZH 62 L,

H4ETIT UL T = '7;«\#4% b RY REEREF LT 4 VBLOVZV EDRIRIZDONT
WTe, WRREMET T, RE-KBRES, KFE-RBREEVM S, WK%Y T X F— ETOH
HLRBOSTERE B iz Uiz,

FSETIIUBNAT = AT e R FEEELE Rov I VBRI OWKRAT 4 L DORIGIC
DWVWTHRATZ, B Fr v T ORGTHEL, Si-H, Si-CREA, RAT 4 v & ORI TR
WA & & BT P-C KA Il & 1 2 BT e BOSE A R L,

F6ETIT, NT = b~T e N FEERDOFISEEZRT Lic, —BURFE, 4V T
=R, FAT 2=, RRT 4 L ORIE T, SEACTR S RESE A DAL, DU SRR D 6
ERE LT,

B 7 ETIL AFROMEEBE L, EROTICEROEME T L,

3% Adams, R. D.; Captain, B.; Fu, W.; Pellichina, P. I.; Smith, M. D. Inorg. Chem. 2003, 42, 2094
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B2F Wi - ARARYE FY FEFROERELUHRE

E2E mEK - ABILTF=HLRYERY FREEADERS LUHE >3

E18 W#E

BEE T ANAR AL T-0) VREN T2 EEATHIEERY v R FEERIEIEE <4
RS2 SILTWBD, Cp R F & & R U REMFOLNOHERINDUERY & RY RESE
DERBNIRIED 72 BHIORETEHE-> WD, £, Cp RENMTF & & R FESL DI
DO SN D EESERIL, BED L ZAMLN TR, RIZZIVE CIZAR S 2R Y
b FU REEEOHEREE L DT,

BHIDOERIT. 7R VooV EEET A=y T AB LRI SV bR Y b R REE
ROERD, Lorenz I & VISIERBEMICHE Shiz (1973 ). (7-CsH)NINO) 27 hF &
Fr 79 o CBET 52 L0 L 0, (177-CsHe)Nig(us-H)s 7 (eq. 2- 1), * [(77-CsHs)Co(NO)], %
LiAIH, TETT 5 2 212k Y [(77-CsHs)Co(s-H)]s 2MFH LD (eq. 2- 2).° #1Z. Schneider 512
LV, 2V NEREFERY 7 0NV RIS L S DR A RER R E L, ¢ Thib
DEEAIE, Bau HIC X 2 PHETFREPHEIC LY, B R Y RERLF OB E CEMRICHE ST
B, 7

LiA|H4, A|C|3 I\
CpNi(NO) » // ,Ni/Q (eq.2-1)

THF %Ni\/\ /|

LiA|H4, A|C|3 o]
[CPCO(NO)L, - o/Q (eq. 2- 2)

/ v

L~

THF cho\ﬁcé
4

DARBIRAREL, BEARIET, HARBE T L ORRFRETHD.

2 @) Kok E4BL, FEALRATC, BURK TR 2002. b) Ohki, Y.; Uehara, N.; Suzuki, H. Angew. Chem. 2002, 114,
4259; Angew. Chem. Int. Ed. 2002, 41, 4085. c) Ohki, Y.; Uehara, N.; Suzuki, H. Organometallics 2003, 22, 59.
a) BEA NET, AR FORLEKREE, 2004.b) WA HT, BRI TR LIIERE, 2005,

* (a) Miiller, J.; Dorner, H.; Huttner, G.; Lorenz, H. Angew. Chem. Int. Ed. 1973, 12, 1005. (b) Huttner, G.; Lorenz,
H. Chem. Ber. 1974, 107, 996.

3 (a) Miiller, J.; Dorner, H.; Huttner, G.; Lorenz, H. Angew. Chem. Int. Ed. 1973, 12, 843. (b) Huttner, G.; Lorenz, H.
Chem. Ber. 1975, 108, 973.

¢ Schneider, J. I.; Specht, U.; Goddard, R.; Kriiger, C. Chem. Ber. 1997, 130, 161.

? (a) Bau, R.; Ho, N. M.; Schneidet, J. J.; Mason, S. A.; Mclntyre, G. I. Inorg. Chem. 2004, 43, 555. (b) Koetzle, T.
F.; Miiller, J.; Tipton, D. L.; Hart, D. W.; Bau, R. J. Am. Chem. Soc. 1979, 101, 5631.
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E2E mig - ARRY E FY FREDERB L UEE

Stiss-Fink H1&, 1993 HFIZHEEAT =0 LT 7 7#E [(7°-CsHo)Ru(H,0):]* DK B(VK T
[(7*-CeHuRuH, " BEMTED L LIss, Z0bLt N FERFORINED 2 L3 5
A2 Y | [(7P-CHeRuHe™ TH D EFTESN, * ZONFHE FU NERIZ, A7=7 4
TV SR D TRAKDKBINC LD AR END (eq. 2- 3), FLMEEE b T =
AAFHE RY REA [Ruy(77°-p-MeCgH,-Pr)He** DA T Siiss-Fink 5, Maitlis 50 2 7 )L —
TV BEShTWS, ?

P T
I H, (1.5 atm) u/\?u% H, (60 atm) \? Q
2 NaBF 4, H,0 AR H @ 55 oc u\7
4
(eq.2-3)

Maitlis HiX, Z#a U A P UEEE Fafk VR [Rhy(77-CsMes),(OH);IC1-4H,0 & /Kk#E &
DIJEE YD, VHFA RN a DT AT R 5 RU REEE [(7-CsMes)Rhu(us-H),J* D&%
WE LR (eq.2-4),

2
Hj (1 atm) /R'h\7h/
~N
—R|<OH, h— Cl-4H,0 ————————— R \ _
f 90 oC, Hzo H4/~RQ (eq 2 4)

Theopold Hi%, “#%7 v AV 7 n ke LiHBEG] OGS, W7 e LT FS e FY R
SEIR [(1-CsMeEOCr(us-H)], AR L. & 5HI12/KFE (60 atm) EFISESE, MG na~TFH b
RU REEI [(77-CsMesBCra(u-H)s(-H)y) &AM L7z (Scheme2-1), ! =& 08IV Th
bW R TH Y | BEFITPETREIHECLY . B R FEMTFOMESIRE I TNS,

8 (a) Bodensieck, U.; Meister, A.; Meister, G.; Rheinwald, G.; Stoeckli-Evans, H.; Siiss-Fink, G. Chimia 1993, 47,
189. (b) Gautier, R.; Chérioux, F.; Stiss-Fink, G.; Saillard, J. Inorg. Chem. 2003, 42, 8278.

® (a) Meister, G.; Rheinwald, G.; Stoeckli-Evans, H.; Siiss-Fink, G. J. Chem. Soc., Dalton Trans. 1994, 3215. (b)
Cabeza, J. A.; Nutton, A.; Mann, B. E.; Brevard, C.; Maitlis, P. M. Inorg. Chim. Acta 1986, 115, 1.47.

19 (a) Espinet, P.; Bailey, P. M.; Piraino, P.; Maitlis, P. M. Inorg. Chem. 1979, 18, 2706. (b) Ricci, J. S.; Koetzle, T.
F.; Goodfellow, B. I.; Espinet, P.; Maitlis, P. M. Inorg, Chem. 1984, 23, 1828.

' () Heintz, R. A.; Ostrander, R. L.; Rheingold, A. L.; Theopold, K. H. J. Am. Chem. Soc. 1994, 116, 11387. (b)
Heintz, R. A.; Koetzle, T. F.; Ostrander, R. L.; Rheingold, A. L.; Theopoid, K. H.; Wu, P. Nature 1995, 378, 359.

20



B2 mig - ARARE N FEAOESRE L UVEE

Cr—Cr
2CrCl, + 2Cp**Li —» \CI/
Li[HBEt;]
Cp**
CP’{"CF':'_H,C’ H2 (60 atm)
I /Cr\/

Wl Cr—I5H 25°C, 5days

Cp H——Cr
Cp**

Scheme 2 - 1 Theopold HIZ X BMHEEZ 2 AR Y & R U FEEEOEK

BCiff. Hou, Okudabiz &V, WEET % /) A FEEROERBIME SNz, * VT F U LDY
By ZBAVTFULADTAXFAVE R REHRIZHL, 7=V T U ERIGSEDZ LT
[Cp’LuH,]4 (Cp’= CsMeySiMes) MEHIL (eq. 2-5), A v b U U ADFA | BT T LV
KFALAREIENT & 0 . [{(77-CsMesSiMes)Y }a(u-H)(1s-H)(THF),] BREKTE D, TOARKIET
X, XFERNFOCER LI b ) AF LV U VERFE LW e, $5EE /L Z LT TERN, &
DEEAITC-C, C-N, C-OFEF I L TMB ORISNESEZA L TR Y . FMILE OS5 T ARSI
DVWTHIFER SN TWD, LIHL, @R-@RMAFIIEELRNLESNTNWSEDT, @R TR
Z—ELTE0ONE I NEW D RITITERBRH 5,

R,

! i PhSiH
OO\ CHaSimes 3 /" o -HH
THE— | SLETHE - > cpo L(-"H ,_u_cp-
Me;SiH,C Cp’ ether, hexane H

LI (eq.2-5)

(Cp’ = C5Me,SiMe,)

INETOMERD b U FEEEORER TI, sEEDEGHZR O THIEREICHED , £0
PURMEE TRET L72lRE L A 8RR Y B RY RN ED X 5 ISR H T 00T

12 (a) Tardif, O.; Nishiura, M.; Hou, Z. Organometallics 2003, 22, 1171. (b) Cui, D.; Tardif, O.; Hou, Z. J. Am. Chem.
Soc. 2004, 126, 1312. (c) Tardif, O.; Hashizume, D.; Hou, Z. J. Am. Chem. Soc. 2004, 126, 8080. (d) Luo, Y.; Bal-
damus, J.; Tardif, O.; Hou, Z. Organometallics 2005, 24, 4362, (¢) Hultzsch, K. C.; Voth, P.; Spaniol, T. P.; Okuda, J.
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E2F M- BERRY E R FBAOERB L UVLE

BEDLZAZEAERHATH S,

PR, Cp*BEAIFNLT & T2 AT =0 LT hT b RU REEEIT U, FEMEE S
MCT VAT y NBERISSEDZ LT, PHFFUMUBLT = 547 2k R REEK
[(7°-CsMeqEt)Ruy(-H)o(15-H)s][BF ], (8-BFy) DA Lic, Z D Vh F4 L Wl T =
LA BT R SR $BF) ICHI AR S 850 LT, B BT LT =
wAmf&tPUF%@KﬁQMmm£M¢mmmuommm\¢ﬁm&w%:7AA%%t
KU R (77°-CsMe Bty Ruy(1-H)(1s-H), (2h) 2 RIANICHE D - LR TE -, © —BoOKGE
Scheme 2 - 2{Z % & Tz, Cp*lhZ WG b EERICH ST 5 WSRO S RN FTRETH 528,
T DA ISR OF IS T 2 BWAE B IE R AR T DIz FUSPEOREHZ B LTI
KFERAL T & Cp** BRI EE LTV 5,

NaOMe

e
AT
vl

MeOH . )é/\

] 2+ 7h-BF4
LN HBF ,-OEt /
—RéH/ Skt - —>4 ? Rl( 7
N\ et
H™H pentane

8-BF4 N !

LiAlH, ‘
—> R/ 7K
2h

Scheme 2 - 2 Cp** &% KRBT & THMENT = U LR Y & R U REEEDOARK

SRR DA FICHN T, EORGERRFT Sz, L LEISPHER Sh-0ik, Bk - 7
BF L —BRLIRBER EDNGFITREN, AV T 4 VR EOFE MBS TR 8 L ITK

Z. Anorg. Allg. Chem. 2003, 629, 1272. (f) Hou, Z. Bull. Chem. Soc. Jpn. 2003, 76, 2253.
PO K, RS, RO TR, 1999,
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E2E mig - AEUE FU FEEOERB L UHEE

PR LIadoTe, THI, SRENLF A ER < BUSTERER L R 58RF OEB-TLEI DT
» 5,

2T, AR T, WY A X0 E RO ~HEAT U AR e RY R7 5 X
A —EARTHIE RENCY FRF—a T OBTHRELHETIZ L AN E LT, HH
PEF-DEMIERET LTz, POEBIINT =T AR LTz, Fd, Cpr a2 X+ &35
:&-E&ﬁUEFUPﬁ?xﬁQQBWKWM%%i%MM%kféwﬁ?325~®ﬁ%
DB LNTISRYMEIZ BT 2 FRAFIATCE L2 &, e, VT = U AJIERVER LI R &
HTLNHRETHY, BAERTME L 2LBEROBRICERN EZEXT2IeThD, £, Ik
BLALIZid, Cp*, Cp** 2k L 0 B D/N S 72 Cp 28R LTz, CplkidCp*, Cp* & ) 75123
B e, EEOERCEIM IR ZIIAFTEN BT NI A @< L B2 6h b,
LA TINRED R RIL, 2@ BT OLOERICE VI Z N TE2FREM G H D, Fiz, Cpk
LoBEBEREMTLIZ L, HDVIICY/Cp* BIRGHEERE AT HZ N TENIE, 7T AH
— a7 OETHEEOHIHPREIL 8 5 LB 2 b D SR T2 & 5 %85 0O FE1-4% BE 1)
VRIS DHFIFNZ & 272 BB b D & TREN, 7 7 A Y —~KInBE OB EERMRLTH D,

KRB TIICpRELNL T % RN 7 & T B2 UEE « VT =0 AR b R FEEERDOR
A2 BRI DWW Tk~ T2, EZSEAR T, TN T =T A7 F T & R REER, 54
ENENT =0 DT H e R REEOARA~NSHT DI & biRL, £, —HOEERY
e RURZTRAE—OBEFIRBEZCVIC L DFFE L7,

28 BERILT I LAFHE R FEEOERK

BT =0 AT VLK (P-CsHo)Ru(7-allyl)Cl, (1a) 27 FTt Fu 7 T Bl s 8,
—78 °C CIBFIED LiAH, Z M A, A SRR OREZBRE T LR IELLZ A, KB
ERE RO BUSITEELT U SOSTIBIS M OB R~ B LT, ZOWRE 7T 27 4 v
F—TAHIETH T L TREO LIAIH, ZFRE, WKEZS//20—78 CIZHBHL T, =&/ —/
TR P77 v ORAEEEZHT Ll A MR OBEZBRE CLAE S®LZ A,
RIA DR & FEOBUSIZEST U BOSEHRIE B OB —ER~ & B0 Uz, BUET TRt 282
Lictt, Mo CHIB L, ZOBBEE LT A PETAIFERE LTI AT 4 NVE— 5B
EBEL. ARLEHEBRE L, TAIFHTLI 0w N5 7 4 —CHEE- BT 22 Lic k
D (BRI LT ) UL T = A U RS (7-CsHs)Ruy(u-H)y(1s-H), (22) %
SR 42% T1E72 (eq. 2- 6)o
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F2E mx- AARYE Y FEEDERBLUEE

<7
o7 1) LiAIH
IR'u."'I ) I - \7 Q
ST 2
1a 42% 2a

(eq. 2- 6)

CDOERBEIL. Cp L LI ATFNANEEZEALELGEICEB TS, #AMRETH -7, T72bb5,
HELT =0 AT U VER (77-CsHMe)Ru(77-allyDCl, (1b), (7°-CsHsMey)Ru(77-allyl)Cl, (1c) %
HEFRE U, 358 2a LRABRARFIEC LER-T, WEAT =V LA~F P b R MK
(17°-CsHyMe)sRu,(u-H),(15-H)s (2b) (eq. 2- 7), (i7°-CsHsMey)Ruy(u-H),(15-H), (2¢) % L FHULR

39%, 64% TER LT (eq. 2- 8). HEZ/NT =7 A7 U UESKIE, SCHERGERHR D Ak
L72h, S50 1e ITBS TR INEECThH - 72D T, XS THEE LTz,

Nl

<7 1) LiAIH, /R“\ q
Iu u
X R\C"I"“3| DEOH k\j“‘g

“ Lo

1b 39% 2b

—~

‘Ru

' ]
~ i AN
TGV, i\
2\ 2) EtOH AR

1c 64%

PEIK 2a %2 2b 1X. BFHEHERIEWMRLT N o Fnou o R BIcit L BT 228,

Hsp/
2c

WZHE» CTARK

(eq.2-7)

(eq. 2- 8)

ALK SR

IR E A BEMR L2\, SRR ORIMEME R & NS RALKR O FUST RN T, R R & R
FD1OThHDLEALND, £ZC, CpBLITNINVEZEANT LT LT, $HROWEMME

FEOBHIEEBME L, "BuCp A H T 5 NEEEKROARE R LT,

' Nagashima, H.; Mukai, T.; Shiota, Y.; Yamaguchi, K.; Ara, K.; Fukahori, T.; Suzuki, H.; Akita, M.; Moro-oka, Y.;

[toh, K. Organometallics 1990, 9, 799.
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"BuCp &K T 2RIBEO AT, BEMOPHEILHE T, ¥ BEAT =T A7 ULk
(17°-CsH,Bu)Ru(77’-ally)Cl, (1d) 1ot L. 6§k 2a & MRk FIE T, LiAIH, # U8 S®, =& J —
WCRE, BT hyaw hTTT 4 —THMETHI LT, (7°-CsHBu)sRuy(1-H)(1s5-H),y (2d) 23
N 16%THE LN (eq. 2- 9), 8 2d [ IA~F V0N & Ui EogfnRLKEICK L THE
T b,

"Bu
qG’"B" 1) LIAIH, /\
P Ru. iy L(
X\ 2) EtOH I\\)R (eq. 2- 9)
1d 16% 2d
Cpt FU R TRE—ZBITHBECKE, 7 FAZ—a 7 OBETREOHEEZHHE L,

Cp/Cp*EBRANME 7 I A —DAER bW Le, Co*#aFT2HENLT = U LAk K
(77-CsMes)Ru(acac)'®, “HEAT =T AT R F & U RESK (7-CsMes)Rup(u-H)ye =HENT =
A F e Y REEER (77-CMes)sRus(u-H)s(s-H), D& ) — VT b Tk K75 v ORAE
A —T78°CITIHAI L, #8512, b L<iE (7-CsHs)Ru(tmeda)Cl (3) @ LiAIH, DT +J &
a7 g R ERT Lic, i TR THE, OGN ERA2ICERECLASEL &, [ianRe
Z Ao TROSIET L, IWIRO BTV T O RBAICEN Uiz, 88K 2a L AR REBREL,
TVIFHTAIaw NTTT7 4—TERTDHZ & T, DFHICCp HBLUOCp*EEEHT 5
BAT =0 b~ P b FU K 0P-CsHs)s(77-CsMes)Rug(u-H),(15-H)s (2€) (eq. 2- 10),
(7-CsHs)y(17°-CsMes)Ruy(u-H)p(us-H), (2f) 38 LTV (7°-CsHs)(17°-CsMes)sRug(u-H)o(us-H), (2g) %75
7z (eq.2- 11), 5K 2f, 2g AWM T ARSI TH Y | EH 008K RIFRINETH LN
Teo —J7. BB 2¢ DARRICEE U CHRRIARY & U TR 2f, 2g, 2h 235 & @R ML +4 Tid7p
Mol

5 "Bu(CsHs) DAk, Lappert © @ Bu(CsHs) DA% B2 LTz (Lappert, M. F; Pickett, C. I.; Riley, P. 1.;
Yarrow, P. 1. W. J. Chem. Soc., Dalton Trans. 1981, 805.). "Bu(CsHWIINE 45% CE 5N D, BEALT =9 A Y
ARNY TV AT VEEER (0 C5H4”Bu)Ru(PPh3)201 DA R, Bruce H DA ESEIZ LTz (Bruce, M

L.; Windsor, N. J. dust. J. Chem. 1977, 30, 1601.). (-CsH;"Bu)Ru(PPh;),Cl I3 @ E A & L TINER 75% TH L
5 BT =7 BT U ASEE (7-CsHBu)Ru(#7-allyl)Cl, (1d) DAL, Cp SR DAk n—ﬁéoﬁ_ HES
14 ERBERRE LT, 20%RE0NERTEOIS, ST ERESR.

16 Koelle, U.; Kossakowski, J.; Rabbe, G. Angew. Chem. Int. Ed. 1990, 29, 773.
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<7 1) LiAlH,

]
Ru., —
2\ "Cl \ R
ﬂb/ \Cl 2) Cp*Ru(acac) / EtOH Q) H ‘Rl\l (eq. 2- 10)
6: é/

1a 36%

Cp*2RuzH,
QD _ 73%
\ Ry LiAlHg
N1 el
AWLIN
3
Cp*3RuzHs
EtOH / THF
92%

MBIV T =2 nFH b R FEIKDRIE

Ru
A/\“
o R('?
EtOH / THF (\7 “Ru

(eq. 2- 11)

— O T =7 A F P e FU RSS2 X, "H NMR, BC NMR A2 MUZEESWCE

FE LT, 55K 2 D 'HNMR, "CNMR A2 VT —& %Table 2 - 1, Table 2 - 21T/R L7z, F7z.

B 2 ORI L RIRFIEE D AR DFHALRR IR L Th
BOT, B Lz, ® LT =T bAF P R REEA
2 DI FHEEIE, 2 SOERE L 4 DORBEI DK S
no, BARENEREREEEZ LTV 5,

'HNMR 227 VT, b RU FREMFIZESL 7T
JVidS -8 ~ ~9 ppm fIUTI 6H Sy OFESRE H ROV 7
e LTEMCERIND, B N NEALF & Cp £, Cp*
HOBSHEY, 6H THHZ LEHR LT, ~F P ek
U 8K 2a O KU REAL TN RS AER S & %
ME D EMHERT D70, NRIEETT o7, T113-80 °C £
ETR/ANERY, T1=319ms Tholo, TOEND, $EAE

26
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2a i3t FY FEAFRICEEMHEEROROERE FY FERTHLLEZZ0ONRFHLT

bo, Witk 2 IHFET D 6 o0 RY FEMFIE, BERS X BEEMT O ER, Wi 1 o7

DZHERBRALL GRS 2 OB R UNONMEILH D 2 WICRBRALL TWA I ERH LN Lo
7= (Figure 2 - 1),

Table 2 - 1 JRIAT =7 A b R Y RSO "HNMR 227 b7 —# (Sppm)

complexes RuH Cp, Cp*, Cp** sol., temp. ref,
(17°-CsHs)aRug( 1) 165-H), (22) ~8.59 445 benzene~d, rt vtv};i
(17°-CsHMe) Ru,(z-H)y(15-H), (2b) —8.69 1.76, 4.41, 4.48 benzene-ds, rt
(775-C5H3Mez)4Ru4(u-H)2(/13-H)4 (2¢) -8.90 1.86, 4.28, 4.33 benzene-dg, rt

0.96, 1.38, 1.67, 2.16,

(17°-CsH"Bu)Rug(1H)o(15-H), (2d) -8.58 438, 4.55 benzene-dg, rt
(17°-CsHs)3(17°-CsMes)Rug(-H)o(15-H), (2€) —-8.75 1.73, 4.48 benzene-ds, 1t
(7-CsHs)(17-CsMes),Ru (- H)o(1s-H), 2f)  —-8.94 1.76, 4.51 benzene-de, 1t
(17°-CsHs)(17°-CsMes)sRus( - H)o(15-H), (28) -9.84 1.84, 4.47 benzene-d, rt
(17°-CsMes),Rug(1-H),(1-H), -9.32 - 1.90 benzene-d, rt 13
(775-C5Me4Et)4Ru4(u-H)2(y3-H)4 (2h) -9.32 1.13, 1.85, 1.96,2.49 benzene-ds, 1t

Table 2 -2 U T =7 bk b KUY REEARD PCNMR 227 bVF—F (Jppm)

complexes Cp, Cp*, Cp** sol., temp. ref.
(17°-CsHs)Ruy(-H)y(14-H)4 (2a) 69.9 benzene-d, rt vlecl)lrsk
(US'C5H4MC)4RU4([I‘H)2(/,J3-H)4 (Zb) 158, 690, 714, 87.3 benZene"dﬁ, 1t
(17°-CsH3Me,)aRuy(p-H)y(15-H), (2¢€) 16.2,70.1, 72.5, 86.2 benzene-d, 1t

14.3,23.2,29.9, 34.3, 68.9, 70.5,

(77°-CsHy"Bu)sRuy(-H)(1-H), (2d) benzene-dg, rt

93.0

(77°-CsHs)3(77°-CsMes)Ru(1-H)o(15-H), (2€) 12.7, 69.6, 85.1 benzene-d, 1t
(17°-CsHg)o(17°-CsMes),Rus(p-H), (15-H), (21) 12.7,69.1, 84.9 benzene-dj, rt
(17°-CsHs)(17°-CsMes);Ru(-H),(15-H), (22) 13.1,67.9, 84.8 benzene-ds, rt
(17°-CsMes)sRug(p-H)s(p5-H), - - 13
(775-C5Me4Et)4Ru4(y-H)2(y3-H)4 (2h) 13.4,15.5,21.9, 82.8, 83.9, 89.3 benzene-ds, 1t

WigNT = b~FH b RY SR 2. 0 FU REALAIE, 2 OGN Z L2 L0 b,
ARIEEMBEEND LT THEN, YA PRWIC LY BT VEEO V7P é LT
LMCBEEIND, [KETHE LZSEAE, T — R 7 LTW 2 &8 ghvo Tz, $5(K 2a, 2b,
2e, 2f, 2g, 2h @ toluene-ds AR A FAM U IR EEFIZE 'H NMR 222 bV &RIE LTz (FRIE ~-80 °C),
HEEEOBIWEICIIT 2% 7 ME, iR Table 2 - 318 L, A7 hLidFigure 2 - 2,
Figure 2 - 3, Figure 2 - 4278 L7, WO AE H-80 °C iz W\ Th, 7T ADS5ZIR b
[
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Table2 -3 MWL T =y APk B FEEE2 O FY RENLFOIREKRTME

(775'C5H5)4RU4(ﬂ’H)2(ﬂ3'H)4 (2a) (775-C5H4Me)4Ru4(,u-H)2(,u3-H)4 (2b)

T(°C) Sryn (M) wiz (Hz) Sru11 (pPm) wip (Hz)
20 —8.661 1.46 -8.763 1.74
0 -8.598 2.21 -8.725 - 1.95
—20 -8.537 1.82 -8.686 2.72
—40 . —8.478 4.12 —8.648 3.31
-60 —8.426 4.90 -8.613 4.76
—80 -8.373 11.0 —8.572 11.10

(7°-CsHs)s(17°-CsMes)Rug(-H)p(45-H)s (2€) (17°-CsHs)o(17°-CsMes)oRua(ue-H),(15-H)a (2)

T(°C) Sru-u (PPM) wip (Hz) Sry-1 (PPM) wip (Hz)
20 —8.825 2.03 —8.996 1.99
0 —8.787 2.06 —8.964 2.29
-20 -8.751 2.43 —8.933 2.70
—40 -8.714 3.55 —8.898 4.39
—60 —8.681 5.70 —8.862 10.15
—-80 —8.645 13.79 —8.816 37.28

(17°-CsH)(17°-CsMes)sRua(u-H)p(s6-H)s (28) (17°-CsMesBOaRua(-H)o(15-H)s (2h)

T(°C) Ory-t1 (PPM) wip (Hz) Sru (Ppm) wipn (Hz)
20 —9.841 : 1.81 -9.351 - 1.81
0 —-9.766 1.85 —-9.374 2.32
-20 —-9.674 1.95 -9.402 2.47
—40 —9.565 2.28 —9.429 2.07
—60 ~9.453 2.49 —9.452 ) 3.49
—80 -9.337 3.06 —9.467 5.09

Temperature (K)

8 e —

Temperature (K}

293
273

253 UUSUIURURGISUINY [

263

233 et

233
23

213

193

L L] 1

8.7 (ppm) -8.60 -8.80 {ppm)

193

Figure 2 -2 $5{K 2a,2b DIRE R Z 'THNMR A7 h/b (400 MHz, toluene-ds, 7= : $14 2a, 47 : §fifh 2b)
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Temperature (K) Temperature (K)
293 _J \ 293 _ J L___
273 273
253 253 ,\ J
233 ' 233
213 213 N
193 1903
L L ] L 1 1
-8.50 -8.70 -8.90 (ppm) -850 70 80 {ppm)

Figure 2 - 3 $5%(K 2e, 2f DIREEFZ 'THNMR A2 kL (400 MHz, toluene-dy, 72 : $E{5 2e, 47 : $ii{A 2f)

Temperature (K)

293 L
— "“J Temperature (K) k
273 ] 208 -
253 k ‘ 273 —_—
253 _
233 233
213 L J L 213
1

193 J

193
| 1
1 1
940 -9.60 9.80 {ppm) 94 -2.5 {ppm)

Figure 2 - 4 $5&{K 2g, 2h DIEFEFZ 'THNMR 222 F /b (400 MHz, toluene-ds, 72 : $&14 2g, 75 : §l{4 2h)

PWiZN7 =0 h~FH b R FgEfR2a O R U REL X ERIRIOE 512 /D SIS & ke =

T o 51K 2a @ benzene-ds TEIRICNEHENEL LTV 7 a7 ¥ %% 80 °C THET 2L, &
R U REULT & benzene-ds & DN H/D ZZMSUE M BIEL S VT2 (eq. 2- 12), & DREIRFZE (L % Figure
2-5IR L, 'HNMRIZ & 0 KRS & BB LT < L #Rox gl 2a B8 L. RINZIA 2a-d,” @
BmMABERENT, LOALARARL, £0 H/D RRHEEITEL 144 RN L7ZH & TH, BK

"7 2a-d, : (17°-CsHs)sRuHe.,D,
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FALRIT 13% Thotr, T, NEHE

100 H R
, +d0
YL DD G| $ERIT 5% R L= w0 b 3 ot
= ' sad2.
EBHLNTR 0T, BEWT, BEE % T L
S 6o i | x d4 |
100 °C = b, & BicRis28H L7, 3
. = 40 ¢ u
100 °C IZIRE® FIF A - & ¢, HD & g 2
BT S BT L7 2a-ds 1EELEE S 2T ‘
Nighot-, 105 BfmE-5 = & T, 0 * ‘
0 40 80 120 160 200 240

HAKFELEIL 35%L 22D . GERIT 30% Time [h]
S LTz, BABLESNIZFMEoe
RYU Ry ZF ik 2a-dy, 2a-dy, 2a-ds,
2a-d, DIETENEN 5-8.69,-8.80,-8.91, -9.02 [ZBL i,

Figure 2 - 5 §%{A& 2a & benzene-dg & O H/D 23S

< <
R'u\ benzene-dg Ru\
/54 - 5
/Rl(\7 /R 7 A
(\) HG/ “Ry: 80 °C ~ 100 °C D)Hs_né;Ry; (eq. 2- 12)
2a 2a-d,,

FREZIUAZSEE (7°-CsMesEt)Ruy(-H)y(15-H), (2h) % benzene-ds 11 CHIEV L, 57%D EAFE(L
KT, B RY FERAMFSHD BB ERITIEZHOMNI LTS (eq.2-13), B La L.,
ZOEA b EAREARFEEERIIE SN, RMNEDESHE LTELNT,

SR =

b -d
Ri\u, eneenerde o /Ri\u/ (eq. 2- 13)
LRl 7 LRI Z
\

e 100°C, 61 h /R
6 %/\ Hs'nDﬂé/\

2h 2h-dj,

SR 2a & SR 2h Tl benzene-dg & D H/D ARSI 1T 2h D7 03 SIS DY A X3P b >
By B FHLHITHET T 5 23, 2L 2h OF RETF-HeGME O Cp** 32 RN & LTV
BT, 7 FAZ—aT OBRTHENE S C-DIBAYININ LV ASCHEITT 27 Tho L
ELxbNh5,
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gk 22 TEAKBMLA L 2 — 1
(CD;0OD) & DT H/D Wi ST
T 5 (eq. 2- 14), FUin X, benzene-ds D
A EFRRCRA L, 723, #hfk 2a & »
% 7 —)ViX 80 °C C 26 BRIME L 7= D b
I, g5 2a ZEML L7 2 & 006, ${A 2a
& CD;0D D[] CrI H/D ZZH i A D L 2 40 60 80 100
R BV & R L, BN Time [}

% 60 °C TIT 9 & H/D SIS S DIEEFT Figure 2 - 6 §ii{A 2a & CD;0D 0 H/D ZZHER
DHER STz, Ll 48 BB
PEMEIEAT RS, 200 BRRREE & TINBVE 1T T & SERE BRI L Thodz,

-

o
£

g
el

Distribution [%]
o
'

o
»
X

L

o

CD
methanol-d, VR'u\ Q

(‘)R§\ vl
H6-nDn‘0

2a 2a-d,

A (eq. 2- 14)

Rk 2a Db NV FRCFIIERFTR L S H/D 22 % 23, $514 2a @ toluene-ds TSI & B/K TR
FHRTICRE, BRCHES W, WHEEICILY 7 a~T X oW, 7ok, 85K 2a &
IKFE LT 80 °C TMMEA L7258 Th, ARFL v RV NEULT OSSN O RSN & 720 2
L % BIRHER LTz, 172 BERIHIC 'HNMR 227 FVERIET S & | 85 2a IXERICTHE S,
H/D ZRPIEPEIT LIc Z e BB E R ofe, FNLIRIL, 2a-dy 206 2a-ds ETHIER S, R
Lig 2a-dy:2a-ds:2a-d2a-ds2a-dg= 2.27:12.2:31.9:42,6:11.0 (mol%) TH ¥ |, BEAFILRIL 715%TH
272 (eq. 2- 15),

) ]
/R b Q > RU\
u uy
R \ R
(\7 I<R9 toluene-dg, rt, 172 h D) A “Ru (eq. 2- 15)
Hg 0 8 Th Hg.nDp
2a 2a-d,,

75% deuteration

HKRLRIL, FISEEZ 80 °CIZ LiF7e Y | BNE —EHRERK L0 bICEKELHEA
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UINENE BT T A C b LT, SR BIEEE IR 2 IO L O BT 0V BB S e, EK
FALRNPTEIT B2 DB, BUED L 2 AW LM TR, B U REL T ORBRISASIE 2
HEICIE, B RY REAFRICRE S MBI U, 7 B L7 KRB ER T 5 =
Lizk v, EHL LR RIS AR T D, # ZICEARBER P B LT, KL ST
B2 LIk EARIIETT B L B2 BID (Schome 2-3),

Scheme 2 - 3 $5{K2a & D, & D H/D 35S HEHE

LT =7 LAFYE FU FEEK 2h OH T

FHEEIC X 0 s S Cp* & SCRBCAL A & T2 AT =7 A~ d b B U REER 2h 13,
XS BTN T2, REFRENTT — 2 B3B3 5 03, & N FEAFORBHIIRI ¢
botn, ¥ T, SR 2h B EMEN LT,

AU BRI E-30 °C THET 5 Z LI X VT L2 BEERERZ AW T, Bk X s
RN 21T > 72, WX Rigaku R-AXIS RAPID [F#74/E % vy, Rigaku PROCESS-AUTO 7' w
T RCE YT —F B L, POV TIE SHELX-97 a7 5 Ay r—U kA,
Patterson VEIZ L VLT =0 AR T OREEZYE L, Fourier G HIC & 0 5585 HKRIRT O FEIE %
Wi L7e, SHELXL-97 7177 A% VT, RN REFHEZITVEBE L, 2TORKRRT
BRI LT, 85 2h 04 FiEE S L OERMI AR % Figure 2 - 712, FifbEH T — &
BEOMESRMZTable 2 - 412, EfEAR, #iaMA2Table2 - SITR LT,
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Table 2 - 4 $51K 2h OFEFRFEANT — &2 18 X OWIESHE

[Crystal Data]

empirical formula

formula weight
7/K

crystal system
space group
alA

bIA

c/A

a/deg

Dcalcd/ g Cm73
F(000)

2 (Mo Ka)/mm™
crystal size/mm
crystal form, color

CysHasRuy
1007.31
153(2)
Orthorhombic
Pbea (No. 61)
15.3659(6)
33.1229(10)
16.7225(7)

8511.1(6)

8

1.572

4112

1.420

0.350 x 0.300 x 0.250
block, black

[Intensity Measurements]
Diffractometer
@range/deg

limiting indices

20 nax/deg

reflections collected
reflections unique (Ryy)
absorption correction
max and min transmissn

[Refinement]

Ry, wR, (1>2.00(1))

Rla WRZ (all data)
Data/restrains/parameters
GOF on F*

Aple A

R-AXIS RAPID
3.03-27.48
0<h<19
0<k<43
0<1<21

55

73580

10605 (0.0336)
Empirical
1.0000, 0.7742

0.0355, 0.0842
0.0428, 0.0879
9702/0/478
1.056
1.557,-1.685

Figure 2 - 7 ${f 2h D4y FiiE (£RK) & ZMFEEK (HX)

Table 2 -5 $&%{K 2h DELFEE. HKEH

Bond Lengths (4)

Ru(1)-Ru(2) 2.8185(4) Ru(1)-Ru(3) 2.9480(4) Ru(1)-Ru(4) 2.9519(4)
Ru(2)-Ru(3) 2.9430(4) Ru(2)-Ru(4) 2.9497(4) Ru(3)-Ru(4) 2.8225(4)
Bond Angles ()

Ru(1)-Ru(2)-Ru(3)  61.504(9)  Ru(1)-Ru(2)-Ru(4) 61.510(9) Ru(1)-Ru(3)-Ru(2) 57.168(9)
Ru(1)-Ru(3)-Ru(4)  61.489(9)  Ru(1)-Ru(4)-Ru(2) 57.056(9) Ru(1)-Ru(4)-Ru(3) 61.349(9)
Ru(2)-Ru(1)-Ru(3)  61.328(9)  Ru(2)-Ru(1)-Ru(4) 61.434(9) Ru(2)-Ru(3)-Ru(4) 61.501(9)
Ru(2)-Ru(d)-Ru(3) - 61.263(9)  Ru(3)-Ru(1)-Ru(4) 57.162(9) Ru(3)-Ru(2)-Ru(4) 57.237(9)
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B 2h 1%, $B1K 2a LFIRE, BALNEATERL CH D, Ru-Ru BEEEEC IR BB S,
2ODEREE L 4 HODORMED D HEESHER SIS, BbEVOIX, Rul-Ru2 T 2.81854) A
T#H D, WIC Ru3-Rud [ 2.8225(4) A T B, FAEAIL. 2.9430(4) ~2.9519(4) A DHEHEPTH
o7, 6 DD E NI REMFIE, MEERFET 52 &M TE, 292 Rul-Ru2 & Ru3-Rud Hiz
FHENIEE. 180 O 4 SEATHIC SERBR LTWAZ L 2B BN Lk, 0k R R
WT- OB, Kk 2a LRBRTH D, van der Waals 2% EE L- 22 RERK L v, #54
2h D=V ARSNGB LT & D KIS A e Affb o T, ZABOW DR SIL,
28A,48A 48A ThHolz,

Table 2 - 612, UGN T =7 L~F P B KU R 2 @ Ru-Ru B EERE Y van der Waals PR EE
LT ERAEK LY  ZEEEE RS E RR L L R s TSG04 X &R/ L,
BRSSP EFAFET 2581L. BROYA X &R LTz,

Ru-Ru FEEREIL. Bdteda2b<2c<2a<2f<2g<2h DIEICRE S 725, $EK 2a, 2f, 2g, 2h D%
Brs, $RICERV Cpr a2 B AT 5I2H0, Ru-Ru MEHERHEL TWHWAZ EBNALNTH
%o TRbbH, Cp HICHAT Cpr ARV LD, 77 2F —NICEAT IRV, BENO
SR & fRE T 572912, Ru-Ru BEEBERHIRL TWD EEX MDD, CRECAFVES
BN U T4 2b, 2¢ DI 2a £V G RVEVEAIZS O L Z AW 50Tk,

ORGP A Xk, $51K 2a, 2¢, 2g DB BRSO RE ST, 2f, 2h DJAT/HNEL 2B, L
L. BEREBOSIGH DR E SPEEORIGHDRE SZHR LT DIT TR, $HA 2a
i, Cp ZERIF LSRRI/ & < Cp BITHIRMH BRI E 2 L2 5 Z L BFRRTH L8,
EEORIGFITIINE S RVWREREZE R LED ETFRIND, TS LT, 6 2f
DIUGPEIIEER 2a ITHALR VKL 2D | 85K 28 1S BB 2D (B8 3 EZM), Thid,
Cp* BN eI, SRR FRIOSRRFE R R E 20 | SR+ 2B 2 Z &3 T&
RN Th D, KB, B 2h IZRELIEHEBRD O TR Y . L DU BIRWZ & A3
LM ERTND, P
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Table 2 - 6 $&{K 2 @ Ru-Ru BIFEEE & KIGHo ¥4 X
Ru-Ru FIFERE (A)

complexes short bonds long bonds BUSSEHOY A X (A)
2.683(2
(T CHMRuG G @) Sy 2OV K2roxse .
(7-CsHaMe)Ruy(u-H)(p-H)a 2b) 26778(5)  _29188¢4) . - e
2.6774(3
OPCHMDRMEINING ey 2WW-29060) 47055057
(17-CsH)o(7P-CsMes)Rug(-H) (- (26) ;23(2);25 ) 2.9042(14) ~ 2.9449(12) 41%48%55
o G 270197 ~ T
(7-CoHE)r™CoMesRue e H)o28) 731070 2.8847(8) ~ 2.9682(7) 42%55x%55
 (7P-CsMeqEt)sRug(p-H)o(s-H)a (2h) izgzgi 2.9430(4) ~ 2.9519(4) 2.8 x 4.8 %48

S

HEE R DBREN

GR Y T AL — L FHIEE & ORISR RFT D BRI MBS T CoE Rk S R &
D & 0O/ S TRIEEREI T B 5 D WVIE L Y SEOSEERA~EGT B HREMEIC DV TR
BDIERMETHD, Blzid, SHARIVAANRINVY 5 R F =T, MBI L0 gEknRsy
fgL. &Y %Dk@%fr‘z@%w%%ﬁfré = Lewis BICE D HESRL TG (eq. 2- 16), "

iBuOH, reflux
0s3(C0)q2 - H40s54(CO)q + [HOsg(CO)q2]
108 °C (eq. 2- 16)

+ [HOs4oC(CO)z4]" + [HOs4o(CO)24HI>

Fe, £ FY REEERTIR, e & 23 n S U2 ZBRBRAF & LTHT S 2BV T =y
LoNw G SERIEALAARN R 48 B CH DN, - v S UREE DRI BEIRIRRTH
B 2B =8 UEESERICABE L TV SEMNBIREVHBESNI TN D, ¥ VT =0 A
ERVULNGRL N B Y REERIINEIC LY ZRAL e R R EAE
T B EMBMICE D RINEN TS, * Eh, TYTF LAY VT anblRSND =
B~%9 b U RESEOBA S, FRCHEA~T Tt F) R EERT 5 2 Las, Gl - i)l
s Tns, ?

18 SIK 2b 1ZIEF WRICE L, ZEMIREDS 14 (No. 79) TH Y, HFHED 14 LHRX LV, KNGOV
A XDERIHA LT,

' (a) Braga, D.; Henrick, K.; Johnson, B. F. G; Lewis, J.; McPartlin, M.; Nelson, W. J. H.; Vargas, M. D. J. Chem.
Soc., Chem. Commun. 1982, 419, (b) Braga, D.; Lewis, J.; Johnson, B. F. G.; McPartlin, M.; Nelson, W. J. H.; Vargas,
M. D. J. Chem. Soc., Chem. Commun. 1983, 241.

2R AR, R, BN TR, 2002,

AR $H, BRI, BOR LR, 2001

2 q) (R E—, AR, EAI TR, 2003.b) Tl FIBE, Bz, ERTEK%, 2005,
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PN T =0 bt b B NeEfRE, WEEROMKIGEE 2 L TR0 ., MASISICRBWT, %
DIFEE R TWDPEPIL, 7 7 AF—ORIGETT 5 L TEERFM TH D, benzene-dg & D
H/D 2Z#LSE T 85 2a 13 100 °C THRA WO L TW Z E ZBRICH N L, £ 2 THfE
2a DEBEMEEZHARD70, "M P CMBAERE R L7 (eq. 2- 17), #iK 2a D Mo
%W%Rmmiﬂlﬁ%Mﬁbt®B\ﬁETTﬁﬁ%@fLMNMRx&ﬁbw%wﬁbta
Z A, R 2a OV T NMEEIZR bR o T, KEVT, 120 °C T 24 BEREINEL LIRSS 'H
NMR R~27 MERBEE L E A, $8AK 2a O 7 Fude Blgan®, S LI &%
b ole, DRERMBBIED & ZAMTHDMEH LN TIERY, 2LV, §5 2a i
100°C TIIR % 125 L. 120 °C LA ETIRRIRICHET 5 Z L B L NNT/2 o 7e, ZORRN D
HI3ELBED, SR 2a OFSMEERETT BRI, 80°C ZMBRMFOHRETHZ LIz LT,

toluene toluene

N.R. ——— 3 decompose
100°C,41 h 120°C, 24 h

Rk/\7

(eq.2-17)

2a

EIE EBRLT=ILTYILEKRDERK

WA T = b~ P b U REEK 2a 2R T 2 BT, AIRETH BT U V5K
(7°-CsHs)Ru(r-ally)Cl, (1a) D72 & EIEOMESTIZEE TH 5, 851K 1a DAL, Nagashima
HIZk Y 2 WHOFEDPRESH TS, " H 1 0OFEL, BELTF=VAEX N 7 z=)L
KRR T 4 VB (17°-CsHs)Ru(PPhy),Cl 0 n-F 1 YRIRICSKE L, HiAb T U V&M AT, 120°C T2
RIS A DOTHY ., YIIFANIT B a~w N5 T7 4 —CHMET S LT, $k 1a 28
BEND LB TND (eq.2-18), LA L., ZORIETHBMICZ L, AlkiEL LTIRE
THbD, 1 DOER L, HALT VOB ABENTZ0D (45.0 °C), BEFRHHITRIMIAR 2 12 HhkiT TV
STLEI L B2V YNNI TAI 0w N ITT 4 —IC L DHBEREEL < v U oL
DOFEEE K- TIBEERPB DL TLE S 3BT b5,

@ /\/CI Q
Ru, . Ru.,
A\ el '\ ""Cl (eq. 2- 18)
PhsP PPh; n-decane, 120 °C ﬂy cl ‘
1a

H20FEE LT, (7-CsH)RWCO),CL D n-5 0 VIS HALT U V2 AT, 140 °C THIEL
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THILETHOND LIBRTNDS (eq.2-19)s LU, AHIESIIGLR O HIEITIE ST, §5
& 1a i3ERR LR Do 72,

Cl '
e 2 <7
Ru., — Ru., (eq.2-19)
oc” \ "Cl X\
co n-decane, 140 °C =\ ¢

1a
FIZTC, 1 OFECH LTI — M V=T R ERRE AW HERERIEE S L, 3 2
DOFEITH LT, KISERT 2R L,

K 1an &R (HiE1)

HENAT =L ERX N 7 2o )UK AT ¢ iR E T T ARMMERZICEVIY (7 mr A
B, AE )=, HALT U AVEINZ T, 120 °C TR S ¥ 70, WK IIAE G O RREEIR D>
B, 100FRE TRWREAIE( U, BN TH, ME LR LEBERRZ S8IC Lo B e
SyME Lo, REEVIBE T CH LA RN 5 2 &, BaORFEMITH L, Rk A8 L 0 2ok
Uiz, BNk, =&/ —L, ~F¥r | S=FLT—FATHGETEI LT, #ifla
I H1% TH T,

<z AN <z
Ru., - Ru,,
Va \ "uCI ) \ “Cl (eq. 2' 20)
PhsP” bpn, CH,Cl,, MeOH, 120 °C, 2 h Q\/ ci
81% 1a

IHEY | RIERCTHOMEICEE g ST D T L BRI R o, P

Bik1an &R (Hi52)

WL T =0 DA NRSNVGERICn-T T v B Z, 120 °CE CTMEA LEERE B EET-L 2 5
T, WALT VLRI Z, 140 °C T2 5HFMIETE Ui 3 E R lald =L LR Dy o T, 22 C, T
CERATY SR KINREZ170 °CE C LT, SKFHERI S 70, 1RERHIRICITsHE1a0 £
AR TE ), TR, BAIL TS IR T4 NE—THE, PxFlLo—T LT, BE

B AARBETERLRATNERS VAL 2 AH5. #1112, A— 2 V=T O&BMIOBETHD.
KR EE bR D IRT 9 bic, RAICEBMBPERE L, Hic=— RS T OMA AR ITEL T L
5. LPHEATAHC, BARRVIEREOT A EREETHS. 210, KETITRNREEIC
BLETHS (F5RE). bLEBNADLIEE, £INLERNENT 20T, BESSLETHS.
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TCHREEZEE, REED T LT, Ek1azIiR64% TR,

c
qD 4%v" .‘qj
R R
oc” \Cl > ¥ \"Cl (eq.2-21)
o n-decane, 170 °C, Ar bubbling, 5 h =\ b
64% 1a

ZORISTIE, T DNRTY 7% LRWIRY | $EK1aDEITBE S e o T, RIK
ST, IR = VAL T B bRE & LT L CvT = 7 A ICEL R EFIE A U B =
ECKIEPETT B EZE X LM, 2O N VE = VENLT O BB IS IR Th 0 | Bk &
bIMMRISEbEZ 2, TAVI2/|TZ T, —BRBEOHHEZR T Z LA TE, $5kla
DERICE ST LHEETE D, 2B, BTV Widthe CRMHEH SN TLE S 0T, BEM
BTHZEHEETHD,

UEDORERI Y | $5F1a%2 Y OFETHERTE D2 L &R LI, ZO22oDFMF % ik
LIchtr, BBAT =T AR N Y T 22 VAT ¢ AHEEE VD IIEIOE D 25, AR
B OT, RETHDEEZLHND (w%lr?:rijy/mf:.;v@gﬁ:@é\ﬁjz@ SRILT =
IR A J VIR =V R R HMFEREHT L QBB TRITE D),

EAE BEZILT =L tmeda SEADERHK
PIRZSER DA ERICIW T, RIBRERIZ BT =7 57 U VEER1a & BikEL T = 7 Ltmedadlifh

(17°-CsHs)Ru(tmeda)Cl (3) D2FEFATIH 5, F iz, KETTRARD L 510, TALSERORIERA S £z,
PRI TH D, TL Y, % FAESEROTIFRE ) 5 L CHE3OMiE 2 b N KEBEARIED
MSTIINETH D, THETICHRE SN TN EHETIE, 28 OGRREIA LN TV,

DA BHE Lizv 7 ad s Z UV §ERER D I71E T, ZOHEBIIEIA T =0 A be
B AR TARENS (Scheme2-4), % UL, ZOAMRKICIZMESAR3>H 5, B
FURZAF I BT D UEERDINRBPMEN (50%), FAPAF L RTDUeX ) T hy s
=R R e e u\ofcﬁ'@@ BWRIER 2 FE AR 5220, 3T (7-CsHs)Ru(cod)H i3
K L TCAREETH Y, BEEPR#ETCH D, ZOOMERDOKBITHETH Y | HRED» LR
s L7z,
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cod 1) NHzNMez ”\T/NHzNMez +
RuCl3-3H;0 ————3» [RuCly(cod)], R
EtOH 2) NH4PFg / H,0 I NH;NMe,
NH;NMe,
~CpTl R CCly @ tmeda CP
—_—— “\H —_— Ru\ - "\N‘J}u\
acetone %/ pentane %/ N (o]]
3

Scheme?2-4 7 uF oy Z P AR 3 O

t 9 120k, Caulton & BHE L TCWDBIF AT b= b UNEKRERSE HIE® <, Zob
F AT b= b USRIV T = 0 A DABEREE R TR E N D (Scheme 2 - 5), = D
BRI ORERIL, 32055, FUIZBRMERD oo, FEBONRIIHBEN IV oL
fRE LCOBROE TG bz & #2007 -CHstk, RO’ -CHEE 2 AT HAK
JEOBETRETH DI F A BT =7 5T L— 85K [(57°-CsHs)Ru(7P-CsHg)[[PFe] (6) @
B ORI, H32 s A On U RNEifiTh DI L ThD, $EA60D-ARIEStephenson &
LD, 19821FIC X Vv Ay aXr g Pz RERAWEGRERRE SN, ® Z U vay
I aRyH VI RIIB IR T OEE R TRETH D Z LM LBEMNES TH 0 AHE A
WCpEZEATAOI LN ARETHEN, KRG T, BISORIERY & LTHEED
BVIEILZ V) T ABERT D LW RERBBERANRD D, 20 & 5 BBV RERYIC X -
TERBRFIIERICE O SN, FEZOLRGRETH D Z L6, WRERIR Y & OAERITBET 72
T blndnz b,

bz o ci 1) CpTl C:? MeCN/ hv GR. e
RuClz-3H,0 ——» Ry CRu —_———— R Ru
’ c” \CI oz 2) NH4PFg Cﬁ> HsCHCt;CA NCCH,
3
(bz =78-C¢Hg) 6
tmeda (iD mP NEt,Cl @
— \ R ————» \ R
--N” IU\NCCH;, --N° lu\m
k/N\ N-
3

Scheme2 -5 HFF LT F= U AGEKRERLEE I DERK

2 Gemel, C.; Hufman, J. C.; Caulton, K. G.; Mauthner, K.; Kirchner, K. J. Organomet. Chem. 2000, 593-594, 342,
% Robertson LW; Stephenson T. A.; Tocher, D. A. J. Organomet Chem. 1982, 228, 171.
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INEMRLIZZ Y ULyl Yo RO OBIERA FE 232002451 Trost 12 &
DI, * COARIEIL, Y7 uRrE P LRI Y U AR RO THIR6E AR L.
ZDRHELTA% L (eq.2-22), LAL. Frox D3Trosth D ITHE, $EF6DGRLERD L
Tl T A, SERODILRIT24% LIE< | SIS ME THF6 2 BT 5 Z & IXTE Mo, ZD
T, SERIOBIRA R OIS LT & T,

1) Cp (18 eq.), K,CO;4

bz EtOH, 60 °C, 7 h <o
\_ AL u/C' e
PANPLN i (eq. 2- 22)
¢l bz 2) NH,PFg / Hy0 o
(bz =r°-C¢Hg) 6

ATIE, R3O A GRIEORFEZ AN E Lz, 22T, B3I CTREARNTEEIL 2>
TegRiR1alC R H L, $ER1a0 7 U VRN FIi%, #T Vv e UORBEL 3 <, iz,
(7°-CsHs)Ru(CO),Cl & $fiR1aid, —BMLRSE &AL T UL ORI - BRBER S 28 7 A fd & |
MEZHPHETHD 2 ERAME ST D (eq.2-23), * £ 2T, $hfflaickt LT, ZHRL
T ChHtmeda® G SEBZ & T, HALT UL LTy-7 U BAL T2 BT 5 & TR LT,

<z co, -~
Ru.
R, CpRu(CO),Cl
KAV S _co 2 (eq-2-23)
- 3 "
1a

BT =y LtmedafAD &K

Seiklak 7 mm A X TR S, ST LR Omeda N2 B & | BERITHE 6 ORI b
B R R OIRI~ L VIS LTz 2 R L TR LR HBEEN LT e o Ty
ZRWTHIH U 5432 B AR & L TINER% TR (eq. 2- 24), KU, $i1ai2%f L tmeda
BT )VEIN R TR CHEIT A R T E T,

;Q tmeda ;Q
Ru., - \ _Ru\
‘ el =N""[ ~ci }
R QY  CHuCly, rt, 10 min (N~ (eq. 2-24)
1a 92% 3

2 Trost, B. A.; Older, C. M. Organometallics 2002, 21, 2544,
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EASDAEFUIBLR O HNMR A7 ML E T 2 2 & THA LT, $ER3EZERIR LT
[CARLET, BRI D & SRR BT 5, 62T, $530Y 7 LRI

ra—7Ry 7 ANTIT- Tz,

FERIIHN T = 0 A B2EBEO IS CRILT 5 2 L B3 TE 2, 8520 AL & DA HIE

%m#ébﬁé:b@é%&@%ﬁ@éﬁ%%%%#é:aﬁf%koKéﬁ%mib\%%

B XY EEREN ORI TIERIZR/ S Z LB FREIZ R o T,

58 ABNTZILATAE RY FEEKOSHK

2T, WA T =T A FU FERORMERRERIEEZ R L, 38, H486T
1XE ORTERA D BIE T U VSRR X OBk T = 7 A tmeda $5R DA RRIC DV TR Ui, AT
. ZTRBIZHIERNT, TBAT =D AA~TZE R REEROEHIZ DWW TR~ D,

EBNTZOLA~ANTIZERY FEKDER

BT =75 tmeda $5(K (77-CsHs)Ru(tmeda)Cl (3) ®OF F Tk Ru 7 J U ERIRICKE L,
~78 °C Tl E®D LiAH, M2 T, HRAICERECLER&SELEZA, QIEBOEREHE > TK
JEEHETT L, IR OISR EAICE L, TORGEKE AT 2 2 & T, £2FO LiAlH,
ERE BEREFOR—T8°CIEMAILC. =¥ /=T b7 Ra 77 U ORGREERR T Lz,
BIRORERREE T ERSES &, WKITBAKE L, BET CIREEEELLE, L
TUTHI L, ZOWKEETA N TAITERBE LT FAT 4 NE—HEEE L, £R
Ltz RE Lz, TAVIFHThru~ N TT7 0 —ToHBE- R L (BEBE : bz,
ZJimidE (tbp™) HEEDIIENLT =T AT HE RU RESE (7-CsHs)sRusH; (4a) ZULER 41%T
B72 (eq. 2-25),

\ _RIQK 1) LiAIH, C Ru_ _RU_Q

E/ A\ cl > H7 N> (eq. 2-25)
p 2) EtOH R
3 AU

1% 4a

7 T AH— FED Cp RENLTF OEM SR LTz, MeCp &2 HT HHENT =0 LT U VR
(17°-CsHMe)Ru(77-allyl)Cl, (1b) Z RiBRMA & L7z 8iA . TAZskA & [FIHFIC MeCp 2% RN T &

¥ trigonal bypyramidal
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TEHHMNT =T AT HE Y REEER (7-CsHyMe)sRusH, (4b) 2SULR 28% T BT (eq. 2-
26), E7-. $EK 3 O LIAIH, IHEIZS L, Cp*Ru(acac)FET T4 J — L E G SH 5B &,
Cp & CprEAM—DFNIEATS CPCp BRIV T =0 AT b U KK
(17°-CsHs)o(17°-CsMes)RusH; (de) DML 55% TE ST (eq. 2- 27),

-7 R
-+ 1) LiAIH, - \R{,\_ ?u—Q‘ / \
X\ el 2) EtOH Hy @ “\/
=\ ¢ /R (eq. 2- 26)
Q\
1b ' 4b 2b
(27%)
@
7 .
" 1) LiAlH, C\Ru_ —R"‘Q
=N ~ci
(N~ (eq. 2-27)
: 2) Cp*Ru(acac) / EtOH Iﬁ
3

55%
4c

EBNT=DLATZE R FEBADOREE

—H O TALEER 413 '"HNMR, "CNMR 227 bR E = A A7 MUWZIESWTREE Lz,
S da, 4b, 4c DAY M LT—F % Table 2 - 7, Table 2 - 81Z7% Lz, $E4K 4 0 X Mt it id it
FIBFFEE DRARDOENFH LI L TH D DT, FE Lz, * WThoEd thp ETHD 2
EEHLT LT,

$ER 4a O 'TH NMR 222 Rk, & RY REALTICEES < &7 upi6-13.62 12 TH 53D
FEREZR ROV e UCEMICBE SN, EMRBIIORBOZHIZ, 60 °C itk
VNTHREFIIRERE] d, %3, 10,30,60s &b EWC, Cp ek NY N FORSEHEB L=, %

OFEF e B Y FEULF-/Cp FDORESY HIE.21.9/78.1 (3 ), 21.3/78.7 (10 s), 21.6/78,4 (30 5), 21.6/78.4
(60s) THVH, ZNEY THTHDEIELK, —60 °C THIE L7 'H NMR 222 hUIZiX Cp
FACEK S T FE, §4.40,495 1IZFNEN 15H, 10H 5T OB REEFF >V 7 e L
TR SN, TN LY tbp D TRGER Tl 5 2 & 858 & Tl B, iR 4b, de DL 7 F L b,
B da i KL< ELTWV B,
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Table 2 -7 FMNT = AT HZ b Y RefE4 O "HNMR A7 b5 —4 (Jppm)

complexes RuHAd Cp, Cp* sol., temp.
(nS-CsH5)5Ru5H7 (4a) -13.62 4.40, 4.95 toluene-dg, —60 °C
(17°-CsHMe)sRusH; (4b) —13.66 1.85, 4.49, 4.80 benzene-ds, rt
(17°-CsHs)y(77°-CsMes)RusHj (4c) ~13.83 1.96, 4.52 tetrahydrofuran-ds, rt

Table 2 -8 FMNT = AT HE Y R 4 O BCNMR A2 hLF—& (Jppm)

complexes Cp, Cp* sol., temp.
(17°-CsHs)sRusH, (4a) 71.8,72.0 toluene-ds, rt
(77°-CsHaMe)sRusH; (4b) 15.9,70.7, 73.2, 88.7 benzene-dj, tt
(17°-CsHs)4(17°-CsMes)RusH; (4¢) 13.6, 71.5, 89.0 tetrahydrofuran-ds, rt

P4 D FU FENFiT, AREMBE SR VD, OBV A bZhofzdic, =il
T 1 EEO V7 e LCBESND, REFZE 'H NMR A7 hRAIEIZEY, B R F
BN T O (R A7 % 8182 U7z, Table 2 - QIR IR L% 7 M & EHEIE% . Figure 2
-8 AN M NER LT,

Table2 -9 ABNT = L~TFE FY NEfR4 O Y NENF OEEETEMSE

(US'CSHS)SRUSH7 (4a) (7-CsHs)a( 775-C5M65)RU5H7 (4c)

T(°C) Sru- (PP1IL) w2 (Hz) Srou (PPM) Wi (Hz)

20 —13.82 1.58 -14.02 4.67

0 -13.83 2.09 —-14.03 13.46
—20 —13.84 3.12 —14.06 46.57
—40 -13.84 3.66 . —13.83/-14.14 20.54/34.34
-60 -13.85 4.56 -14.12 65.84
—80 —13.87 18.80
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#
Temperature (K)
293 \ \M. " Temperature (K)
273 " k . 293 W
J\ 273 mebwiriribhiespidi
253 wyr 4
\ }L 253 tewmrvu Aoy | ¥
" J
233 ) UL 233 vaipoimaprumeitin i
213 213 WJW
193 + B ¢ 193 sy W St i T LTV W T IORRIIEN
1 ] ! | |
s o {ppm) 135 140 145  (ppm)
2 Impurity # @ impurity

Figure 2 - 8 $i{A da, 4c DIEFEFZE 'HNMR 227 kL

(400 MHz, tetrahydrofuran-dy, 72 : &% da, 45 : #8855 4¢)

$EIK 42 13-80 CITBWTH DR LRV DIZR L, $54K 4e 13-40 °C THRE L, TOEHKIRIZ
DRI E L T BE T8I S Tz, B R Y FENETFOZBRERIT, BIfED L Z A LTI
AR

RO BRBIE

S5 4a O toluene-dg IR & FIVN T, —60 °C T 'HNMR A7 hVERIET S &, Cp BT
VTR 32 O 2 FIED T 7T/ 8 LT, 54.40, 495 (TS, FiBiceE
W, INHDYTFVERE L, —10°C T LDV /e LTS457 BB ES N, Ok
i, thp W& & A9 2 LESEIAD axial i & equatorial MRS B EIFRFER H D Z L ER L
TW5, ZOBHERICET 2R 25570, '"HNMR A7 by Ialb—varli,
B BEECR T ORMEE kB —T T 4 v T 4 T K RD Byring ORICRA, /TR
BB ATV TEHAL ST A — % — % ASt = 2.7+ 0.4 cal/(mol ‘K), AH' = 11.6 + 0.1 keal/mol & ZEIH
U7z, 5K 4a DR FZE '"HNMR A7 MR LT T 2 b—3 g Y OfER % Figure 2 - 912
R UTe, My b B — O 5| BB TN TEIT L, BEFE~D 7 T R ¥ —Dfif
i RA bOTIIRNZ EERLTVS,

Z ORISR A O ENEL L, 2 DOBRPEZLND, 1 DITEZEIENEE

2 o NMR version 4.1 by Cherwell Scientific Publishing Limited
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&2 B 5 3 % "Berry Pseudorotation" 12
FARL U7 SO HERS (path a) TH Y,

Orpen HIZ X o T, AuRus $ikiZ = D
I S BRI E AT B 2 &
HHNZEN TS, ® H 5 1 D,
NT =0 LRTER OB LV AR L
Te BAGE AL S BY L7181, vF =1
LEREREFHET DB TH D (path
b)e D& D REENEEIL, VT =Y
DO B TRAT UV REBL TAL—D
1 BloBRESNTWS, * path b T
(ol == R S N S R e VALY MY SN 5 A RPN e
path a TIXZERNERENRTDHZ &k
SEHBEWT S, WTHOBBEER
DEAbLYIalb—va kol d
ZAH BROANRT frk—%KLT,

L L. RNIC PMePh, & 127E &€ 7
BAb, BRBERICEIER b
o7z, b L, path b IZft> TEHERE
BRI DRBIE, WINLTeR AT
WEVEBEZTHLDEEZLND,
o T, BRI path b TR <,

path a {29 > TV D b O L #ERRAT T 72,
SEIA de LEIAETRZH T 503, WA

333K

313K

L

293 K

-

283 K

213K

>

263 K

-

253 K

~

213 K l

5.0 4.5 4.0

K = 45000

K = 14500

—_—

K= 3700

K =1800

os

K =870

>

- K=360

-

K=130

-

5.0 4.5 4.0

Figure 2 - 9 $£{K da DIREEFIZE 'THNMR A7 hL (EF) &

VIialb—vay (AX)

BHECTANRY POV I 2 b=V a VIR TERDP 2T,

2 Orpen, A. G; Salter, . D. Organometallics 1991, 10, 111.
30 gy, C.-1.; Chi, Y.; Peng, S.-M.; Lee, G.-H. Organometallics 1995, 14, 4286.
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@= O= C5H5RU

Scheme 2 - 6 $51K 4a DHEE S A BHER

(a) "Betry Pseudorotation™tZ 38l L 721852 (b) & B A OUIW %45 8%

ABEAORREN

PUiZSE S 2a DA & FFRIC, FRESEIR da DB EMEIC DWW THA Tz, 85K da O h Lz ¥
W& 150 °C C 72 BERIMNEA U748, JBE T THRIEEZE R L, 'HNMR 27 M LD | $5(K 4a
DY T I NVEBE U, REEAHOYV 7T bbPPICBIEREND 2 &b, $EED RIS
LT L TVER, ZOREDOEET R OIX, S5 da (TRBITHFIET D Z & Bho Tz,

KEIETODELED

AHTE CCpREENLF 2 H T DHRRMEL, TN T =D LR Y B R FEROBRERT L
oo FLTC, T U LEENT A RiffAE B R FREL ORI LY F#laugg, fgy
TR Y e N REEFROGHICERE UTc, Eio, SCRBELALF OB, 72 b NZHFMIZCp
B CprEAHT Y TAI—DERBTETH D 2 L &R UL, KEi»HIZ, WELT =7 A
~FY e RU REEERUCHER L. 8520 ISIZ OV TR 2,
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Hefi T/ AFFoMmBILT =Y LATEE FY FEEK
FSHIE TICPHENEE - AT =T AR b R FEEEDERKE R Lic, TiHEsEEE D F 4
AT D &I LD T TR RSB O KIS OB & &b IZE-FIRB ORI T
L&D, RETER, BEAT =Y A~FY e RY FER20T7 e b oAb RF L,

fER2anJO bk ~F/ AFAEBEBILTZILANT R E B FEERTaD LR~

gtk 2a & VT F N T —TO)UCREB S, WL BB LR 6% TV EO HBF,OMey/Me,0 &
AT, ROSIIBRRFICHETT L, WIRBSEINCR Y . REODOILEBER Lz, FBARARZRE L
%, P FNAN—F A THEE L, BE FCTRBRIEDL LT, B/ AT A UHNEALT =0 b
FHE R Y REEHE [(7-CsHs)RuHy[BF,] (7a) % BLEEIN R 88% T2 (eq. 2- 28),

AL

Ru
ué \\7% B, (20:2-28)

2a 88% 7a

HBF4-OMe,/Me,0

]
AN
ANRA
/RU\/\7 . > R
o 7~Ru Et,0, rt, 20 min -y
N %

BROME RS 2 5 EVE, 10 FENVEICHEC L TRISEIToREATH, BbN 58541 7a
DHTHOTEEER Tald A Y /=0T b V7 aa R A2 L Th b E D IRFEET,
M Em RN Z B L Om =T R SIS TR LRV, S5 7Ta IZBWNCIIH £ Y KET
1472<, 80°C TiXWw-< W TIEHHMBHML TV, X BHBEMITICHE Lz BAssoFER,. B
L OT7 =4 &M (NaBPhy) HIRET L7228, 851K B IR OB E L S EBEWZDIZII LTV i
W, SEA Ta OB S LWV O BERE TN 57 01C, MeCp A2 A3 28 2b, 26 TNC
Cp/CpHREEEETH BokK 2¢, 2 D71 b AL Z IR LTz,

#EiR2bDTO bt ~E/AFFOMEKILT = ILATEE FY FEATOOER~

PR 2b B V= F N T VIR S, % VR D HBF, OBtL,/ELO 2N 270, WRIED I35
RRC BRI L LIRRHC B A ER Uz, 20 o L-ic, LBAEREL, YF
NT—TF NV THE L, BET CHBEEEEZ LT, B/ IFAVENELT =T L~ T H e N
RS [(77°-CsHyMe) RusH;[BF,] (7b-BF,) % BAFEAK L L TINER 99% TE7- (eq. 2- 29),
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] ] _|+
/Ru\ q HBF,-OEt,/Et,0 ’X\
Ru u -
> / - BF4
\RE Et,O, rt, 20 mi \—\)’R 7 q (eq. 2-29)
~ 2%, I, min ~Ru’
2b 99% 7b-BF,

PEK Tb-BF 13851 7a [Z A~ THEBIBEIC ST D MER RE< ML, 7R M A&/ —
W, Vrana i E AT KT D, S5 Th-BF, IXERIE T CHAM, BRRETHELTHY
fRITBE Sie b oTe, BEE 2 e VEMEA LB a b, ERWIISER Tb-BF, OH ThoT,

BEVNT, $EK Tb-BF, O &2 MR T 27 ®lc, T=F4 U RIS EIT 72,

[(77°-CsHMe)RuH7|[BF4] (7b-BFy) D A % 7 — VEHKIZ% L. NaBPh, % 4 {$E/ 8, |ETT
Mz le, EHIBALBAER L WROGIIHROEE (1IEFEH) BT 20038188,
ERT 1 B Lo, AV — By NCLEBAZREL, A ¥ ) — /L Tg L, Bt
TCHRSEB LT, B/ DT AT T =7 AT 5 RY R [(F-CoHMe)s-
Ru,H-7][BPh,] (7b-BPh) % B E Ak & L CINE 79% TH7Z (eq. 2- 30),

Q/ 1+ Q/ T+
\ NaBPh, \ q (eq. 2- 30)
BPh,"
bRK?q CHOHrt1h R‘(7
7b-BF, 79% 7b-BPh,

$E(K 7b-BPh, @ 'H NMR A7 MDD I F A e 7= OB MEELL A2 T2 - &
XY, $EENRHIMTHDZ EEMHERLE,

§#{k2e, 2f0 700 b 1L
T AFAUMEHLTZILATEE K Y RETe, 60 £k~
IR 2e DT F LT —T VIRIKIZR L, %E V80 HBF,OEt/Et,0 # % 7z, =IET 10 4y
B LI-0b, LEAZHREL P FAm—F LT LI BIET CRIEE2EET 52 LT,
[(17-CsHi)y(17-CsMes)RuHo1[BF,] (7e-BFy) % Bl fk & LTI 88%THE7= (eq. 2- 31

48



E2FE mg - ARARYEFY FEADERS L UVEE

/R“\ Q HBF 4 OEt,/Et,0 /"\ Q

g - - BF4

R(%? . Qﬁ<%7

%) ~ Et,0, rt, 10 min A5 -~ -
Q) ! ; 2 H7/R§z [ (eq. 2-31)

2e 88% 7e-BF4

$EIK Tb-BPhy DA RLIE & FEED LT, $8K Te-BF, b 7 =4 VA3 E 4TV, [(77-CsHs)s-
(17°-CsMes)Ru H;|[BPhy] (7e-BPh,) % B A E L TINR 62% TH T,

< @
Ru Ru
e ) NaBPh, ) U/Q :
LH/I;RZJ Q o CH3OH, rt, 10 min = %RLH/I;\RZ o
7: é/ 7

7e-BF, 62% 7e-BPhy

(eq. 2- 32)

Cp*2% 2 SFTHK T DBPE L, K Te L RELRTFIETT 1 NALRTRETH Y, £/
HF A AN T =7 DT E e R REEER [(77-CsHs)y(17-CsMes),Ru H,][BF,] (7-BF,) %75
72 (94%), EoT =A VAHIZ XY | [(17°-CsHs)(1P-CsMes),Ru H; [BPh,] (7£-BPhy) D&% b ATRE
Th-7 (eq. 2-33),

] | i
A HBF ;-OEt,/Et,0 Y NaBPh, AN
/ vis » RL - - - BPhy
R ™ I\R BFy > MR, 7 4
(‘7 2 Et,0, rt, 5 min % - CH3OH, rt, 10 min Qj -

2f 94% 7f-BF, 79% 7f-BPh,

(eq. 2-33)

E/NFA BT =D LATEE RY FEEK T ORE

—HEDE ) BFA UM T =T b~TFF e R F§R 713, 'H NMR, C NMR A2 K
MEXVRE LT, 87 DAY MLF 5 % Table 2 - 10, Table 2 - I1IZ/R Lz, #8487 0 'H
NMR A7 hicid, & Y FEALFIEXS-11 ~ —12 FHEE 7TH 2 OFESREE & Fio 1 fifHo v
7l LCCEMICBEIS D, TOEEKTIE, 7208 MY FEACHIIEMARREICIERY 2
RNZEDE k2 LIRS E B Y FEALT O THEPH 2T A MERHBE T 5> TWD Z &R
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BB, WRICBNT, & FU FREAFOVA D RZEHEEPNBWEA, & NI FEMTOV 7T
NBGRL, EOMBIZBETLEENELND, LL, & 7b-BF, O acetone-ds YAIR % F
T 'H NMR 227 b L%E-80 °C THIELZHATH, 227 MUWCELIZBE S ol
BERY b@au%mz%y7 M, FHEELT =0 AnX Y B R U REEHEOEE & Rk,
Cs B LICA FVEREA SN DICHED, BRI~ 7 b LT IRFBIBR S iz, i,
KRN T OB G RENH LT A0, 7 TAX—a T DBEBTEENR LA L TWAZ L &R
LTwa,

Table 2 - 10 &/ W F A AENENAT =0 A~TH E B Y REEE 7 O 'THNMR 222 R 5 —% (Jppm)

complexes RuH Cp, Cp* sol., temp. ref.
[(77°-CsHs)4Ru H;][BF,] (7a) -11.19 5.29 acetone-dg, rt this work
[( 775-C5H4Me)4Ru4H7] [BF,4] (7b-BEy) -11.16 1.85,5.03,5.38  acetone-dg, rt
[(7°-CsH,Me),RuH;][BPh4] (7b-BPh,) -11.29 1.76,4.84,5.16  acctone-dg, 1t
[(17°-CsHs)y(17°-CsMes)RusH, | [BF,4] (7e-BF,) -11.22 1.73,5.22 acetone-dg, It
[(77°-CsHs)s(77-CsMes)RugHy|[BPhy] (7e-BPhy)  —11.23 1.72,5.19 acetone-dg, rt
[(77°-CsHs)o(17°-CsMes),Ru,H, | [BE,] (7£-BF,) -11.54 1.79, 5.10 acetone-de, rt
[(17°-CsHs)y(77°-CsMes),Ru,H;][BPhy] (7£-BPhy)  —11.54 1.78, 5.08 acetone-~de, rt
[(17°-CsMes)aRu4(1-H)7][BE4] -12.16 1.83 methanol-dy, it 13
I( 775-C5Mes)4Ru4(,u-H)7] [BPhg] -12.14 1.86 acetone-dg, rt
[(37-CsMes)aRug(H),] [PFe] -12.14 1.87 acetone-dg, 1t

s 1.08, 1.81, 1.82,

[(7°-CsMeEt)Ruy(-H),][BF,] (Th-BF ) -12.21 222 methanol-dj, rt

Table2- 11 &/ BFAVHERBNT = LA~THE Y REEET O BCNMR 227 LT —% (Jppm)

complexes Cp, Cp* sol., temp. ref.
[(7°-CsHs),Ru4H;][BE,] (7a) 79.0 acetone-ds, rt this work
[(77°-CsH,Me),RuH,][BE,] (7b-BF,) 15.1,76.9, 80.3, 98.6 acetone-ds, rt
[(77°-CsH.Me),RusH,][BPh,] (7b-BPh,) 15.1,77.0, 80.2, 98.6 acetone-d, rt
[(17°-CsHs)s( 17°-CsMes)Ru,H;[BE,4] (7e-BF,) 11.9,77.6,97.9 acetone-ds, rt
[(77°-CsHs);(17-CsMes)RugH7|[BPhy] (7e-BPh,)  11.8,77.5,97.8 acetone-ds, 1t
[(77°-CsHs)o(77°-CsMes),RuHy | [BF,] (7£-BF,) 12.2,75.9, 96.7 acetone-ds, It
[(17°-CsHs)o(77°-CsMes),RuH;][BPh,] (7f-BPh,) 12.2, 75.8, 96.6 acetone-dg, 1t
[(77°-CsMes)aRuq(z=H);][BF,4] 12.9,93.6 methanol-d,, rt 13
12,7, 12.8, 14.8, 21.9, 92.9, :

[(17°-CsMesEt)4Ru,(z-H),1[BF,] (7Th-BF,) methanol-d,, rt

94.2, 98.8

$EART O R RENLFOMEE 25720, $5K 7b-BF, @ T, ZHE LTz, EIE TiX, 1.60s
THoTzM, —80 °C TiX, 53 ms ThHotz, FHAE NI FEEED T I3EBE IV, T KE
SEARDEE . B IVRERTI LRSI TVWS, 3 2 kv, $54K 7b-BF, Ot RV FEAT

31 Crabtree, R. H. The Organometallic Chemistry of the Transition Metals, 3rd ed.; John Wiley & Sons; New York,
2001.
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FIIOTFRBEOFLELZHELTWAELELLNLD,
Sr TIRBEEIITHZSER TIX Kubas 5 DO L7z W(CORPP(H,)? 2iZUHE LT, £<
DB HNTND, ZEEARY & R U REEEC, & N REN TREICOFRBHEEEEROS 5
L Z AR LIfliE, Stss-Fink & DO Lz [(7*-CHRuHg™ OHTH 5, * 1 513-120°C I
BIF5 'H NMR A7 LR 5N IHIET, 3FEOE FY RERALFO 5 B, &b B
DYTFIN, 34 ms &I ST KRBEMAEBERICHBE 2ELRTZ L2 RH L, Zhid,
X BEEMTIC L D 8 Y NEALT-ONLE & 2 ORERE. 72 5 ONT DFT #HREICE D R Eh TV
Do

T/ AFFoMOZILT =0 LANTZE FY FEEK 7b-BPh, DD FHEE

SRR TO-BPh IZ DWW T, HLRESS X BEIEMT 21T o n, O FHEOREME TITEEL T,
S PRSI E TR T DB E o, P HAKFRIBERENTINL 2 F02b0 e, #7T
=3 O 4y FAERE % Figure 2 - 10127 L7z,

Figure 2 - 10 $&{F 2b-BPh, 04> 7183 (& : $&0F, A : 7 =4)

AFRMT L 0 | 85K Tb-BPhy AU IE AR 72 LTV B 2 & B FEFE L 77, Ru-Ru [B1EEEEIX. Rul-Ru2
%5 2.72 A, Rul-Ru3 [H723 2.83 A, Rul-Ru4 [#75 2.86 A, Ru2-Ru3 [#17%2.83 A, Ru2-Ru4 573 2.84 A,

%2 Kubas, G J.; Ryan, R. R.; Swanson, B. L; Vergamini, P. I.; Wasserman, H. J. J. Am. Chem. Soc. 1984, 106, 451.
3 Monoclinic, P2,/n (No. 14), Z=8, V= 8228.50, R, = 0.0908.
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Ru3-Ru4 {23 2.76 A THY | FEORMIIFHEIC L VBERHLNCENTVDE ) IF A
PR T =T AT 2 e R Y REHA [(17-CsMeEt)Ruy(-H),][PFs] (Th-PFg) 12TV 5, |
Figure 2 - 11CEE(AR Th-PRs D FHiE &, Ruy 2 7 & & KU NEALT-ORER %7 L., Table2 - 12
IZIE8ER Th-PFs D X e i AR E R LT, 85K Th-PF, Ot RV FERAL F 32 TRBRAALL TN DS
T ERB LM SN TV, 1

Figure 2 - 11 B/ W F A AEMBNT =0 AT HE R Y REEE [(77°-CsMeyEt)Ruy(1-H),1[BPhy] (7h-PFy)
Do e (EH) L N FEAFOEGERN (GX)

Table 2 - 12 $&{& 7Th-PFs D X2 A R
Bond Lengths (A)

Rul-Ru2 2.9750(5) Rul-Ru3 2.8047(7) Rul-Rud 2.8581(5)
Ru2-Ru3 2.8613(5) Ru2-Rud 2.7986(5) Ru3-Ru4 2.9928(6)
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ET7H EBILTZUAT FSE RY FEEKOER

Cp** Jh % STRIANL T L T B AT = 7 h~F P b KU RESK (nS-CSMe4Et)4Ru4<y-H)z(u3-H)4
(2h) % 58 BAEEE CEALREARMRATH B, MBET A LICL Y, KELTEBHEL, 56
%%%W@@&»?:ﬁA%%?ekuF%@(%QMwmmMmﬂhmoﬁéﬁféo%W
Oh (X7 T & Ru oI viikd, K#E (50 atm) & KESHDHZ LT, b LK 20 2 EEN
WARKT % (eq. 2- 34),

SR e

R
u\ toluene, 170 °C Ru\
uy uy
7 . 7 (eq. 2- 34)
TR, Y} - ,R(fu
He ;72;4/"‘ H, (50 atm), THF, 70°C “4;7224/"~

2h %h

FIFLOMEE 2 LT85 2f, 28 WA V7 4 U EBIKER E LTRAWS Z & T, AoNUELT =
AT RZ N ReEREARTA L RE L,

ILT =7 ANFHE R REEOBKRERRE
~PEILT=ILT FSE FY FEEADER~
GEIR 20 DU E U VRIE B WREBLE S, =F L (1atm) ZEA L7z, 120 °C T 27 BREME L
Db, WETCAELZEEL, 'HNMR 227 MG RISOETEHR L, TAITF05
Lrm=w N7 4=l XDBRL (BBREEE : <&/ by = 1), MBAT =0 LT
FF e RY R (1-CsHs)(17-CsMes),Ru,(1s-H), (9f) ZfkaE A & LTI 98% T2 (eq. 2-
35), SEMESOF IRV F v by, T hTe a7 T oIl KB 5,

@ ’ @
\;&» ethylene ﬁ‘ cq.2-35)
Q Rl§\7 benzene, 120 °C, 27 h D R§\7
% %

2f 98% of
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ARt E 'THNMR CEBFL, §0.80 Im& Y 1y
DAERE M U Tz, $5 2f OIRLERIT 100% T o (
b RIGHRTUITEIAERMITE BB S S| _
VY, SR DR % Figure 2 - 121C7R LTz, 04 |
Fio. R 2f OBEMET B L, SEREER 02

WMol Ratio [-]

LT ULED Z &0, ARSI EHF 0 . - ad s
0 20 40 60 80
L LTA VI URREThA VT 4L Time [h]

LT, e LR 33-UAFN-1-TF iR
EERAOWTHKISTETT 5, 3,3-V A F-1-
TF DB, N R, 120 °C T 88 BEREIMBL L, KR L2 M RIT 65%ICH E o7,

FRR 72 P DS BER 2g DEA B HETT Ui, 85K 2g O benzene-ds I & BFEMA R, =F L > (1
atm) A L7z, 80 °C T 78 WEIMBAL 7= B, JE T TWEZEEL. 'H NMR 27 L
NORIGEDETEMRR Lz, TAITHT LI ST T7 40—k OBERL (RBEELE <0
5 V). K 9g k@A R & UTINE 62% Tz, BUSORRZ(LE BB LIz 25, FUSHRT
TrIshR 2g & 9g SN AERDIBIER Sz o 1= (Figure 2 - 13), $51K 9g 185K of ARk, 2

vE Ry, T RI R 7T uRr Il XL BT 5,

Figure 2 - 12 $8{& 2f OBKFRILRIE

Hy

<z
u ethylene u
/F\\ X / (eq. 2- 36)
/R /\R7 o (7
HY {' ; benzene-dg, 80 °C, 78 h l\l ;
2g 62% 99

PEIK 22 35 L UE{E 2e DB KF(L BRI L
Te M. T b OSEEIT R TINEL L 725813
AL, T T e KU REEREERT
B e hol, £, =T VU ERKE
fbFlE LTRHWESSIE, = F Lo O CHE
ABEBTENTLEY, ME=ERFE=T Y

‘ 0 20 a0 60 80
DB RN Uz, EEV 3,3-3 A Fb-1- Time [h]
T T ORI TS, 5K 22 0SS
X, U EHP . 80 °C T 93 IR L

Mol Ratio [-]

Figure 2 - 13 ${& 2g DRk TN

54



F2FE mig - AR E R FEADERELUHEE

Te& 2B, MBAT =D A7 T e FY REK (7-CsHs)Rua(is-H) (9a) &5 X BBk E
A (HNMR A7 bW T Y 7 By ¥ Ve o VIS V7036426 L BT
%) BDEBEENTN, BERBELS @5%), SHIETAIFTAT LA~ NTT 7 —TO5HE
RTET, BHEECE S TR, 51K 2e DFAIL. EROLESME G 2. BUED & Z A3 4E
BRLTWDO0HLMTRY, LAL, WELT =T AT T RU REEE (77-CsHs)s-
(7-CoMes)Ruy(-H)y (96) WIS 26 DML OIRBINE B (HIEICH L T35
By ZEnbb, MEAT =T AT Tk FU REEE 9a, 9e [IIFETHHDLEZXZ TS, Zh
B DR DAL S DICSUS GO P LETH D,

ML T =0 LT b5 E R FEEORE

Wi/ =0 L5 F Tt R F#hE of, 9g 1% '"H NMR, BC NMR A7 hLE LT CSI-Mass
A7 AT LV RE Lin, 5K 91, 9g @ 'H NMR, ®C NMR A2 L5 —4# %ZTable 2 - 13,
Table 2 - 14177 L7z,

'HNMR 227 b i, B RY K
FONL T i385 of DA, T ME L
22 02D FAE LT, K
9g (X 3:1 D 2ED LTIl LTHE

Temperature (K)

BAxnl, &Kk 9g o FU FENLT © 333
DILFEY T MERRE RS BB 2z

273,

Z &M, tetrahydrofuran-ds ¥R & F 253
233

THIE LZIBRETNZE 'H NMR AL

193

MABIEN bR, TRb b rY; RTY
H. 60°C Tt IH DY 7wt 3H Figure 2 - 14 $8{& 9g OB EWZ '"H NMR A~27 kv
SOV T F R TEBESACE (400 MHz, tetrahydrofuran-dg)

BT 08, BIRIC & b 72V MEREE
27 b L, =20 °C CTHEAR Y., —80 °C TIL 60 °C DFA L WITBE Sz, Cp &, CprRizHk
ST FMENTROKT b 2 Eh 1 DY 7 -4k LT, 82 lEms s h,

Table2- 13 TAAT =V L7 h 5t F U FEEAED 'HNMR A7 MF—# (Sppm)

complexes RuH Cp*, Cp** sol., temp. ref.
(17°-CsHe)o(17°-CsMes),Ru(z5-H), (95) —13.88, ~12.67 1.50, 4.16 THF-dg, —80 °C this work
(17°-CsHe)(77°-CsMes)sRua(za-H), (9g) -13.77, -13.67 1.58,4.16 THF-dg, —80 °C
1.09, 1.69,
(7°-CsMeEt),Rus(zs-H)s (9h) -14.97 17 l, N g s benzene-dg, 1t 13
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Table2 - 14 N T = A7 b T RY AN PCNMR A7 hLF —& (Jppm)

complexes Cp*, Cp** sol., temp. ref.
(7]5'C5H5)2(775'C5Me5)2RU4(ﬂ3"H)4 (9f) 127, 623, 76.7 THF-dg, rt this work
(US-C5H5)( 775-C5M35)3RU4(/J3-H)4 (9g) 133, 616, 76.8 THF-ds, rt

13.7,13.8, 14.4,22.1, 74.5,

’-CsMeEt),Rug(s- h
(177-CsMe4Et)Rug(45-)4 (9h) 757, 80.8

benzene-ds, rt 13

gk of, 9g Mt N U NENLFOMHEZHONCT DD, T EHELE, & FY FERATFO
T 1380 °C The/ME & 729 | $5(6 of 13 0.57, 0.67 s, $&1K 9g 1% 0.70, 0.59 s TH o7z, ~80 °C T
BUFD Ti%Table 2 - 15ICF & 072, Zhid, HHAE FY FEEEROMEIZEEND Z &b, 8
tkof,9g it U REMFRICHAEMRORWERNE FY FEHETH D,

Table 2 - 15 $5{4 9f, 9g @ T, (400 MHz, tetrahydrofuran-ds, —-80 °C)

chemical shift chemical shift

complex T, (sec complex T, (sec
-13.88 0.57 -13.88 0.57

of -12.67 0.67 9g -12.67 0.67
1.50 0.83 1.50 0.83

4.16 2.23 : 4.16 ) 2.23

MgILT =2 LT FSE R FEAOD FHEE

AT =55 FF b R RS (17-CsHs)s(r-CsMes)Ruy(1s-H), (9€) 72 & TNT (77°-CsHs)-
(17-CsMes)sRuy(15-H), (9g) D%y Tk % BLAE f X BB IEAFATIC K D A BN LT, $£72, FHRIC
FVBECHEINTWD Cpo* e XM TFETIIMUZBAT =0 LT Tk FU FEEE
(17-CsMe,Et)sRug(15-H)s (9h) X, BT — & OEHBEL | K TEEOHITIIA T 22D Th-o
7o (R = 0.0783, wRy = 0.2632.), B # T, $5K 9h 0 BAFLS X BEEEMNT & FEIT o 1, 851K
9¢, 9g, 9h DFEMFHIT — &, MESM % Table 2 - 16127 LTz,

BEIR 9e, 9g DIBAIL PN BRI R $EK Oh DAV F VIRIEE-30°C THET A L
Wk DA U BOAERREE S E BT, BEES X BEEMRT 21T - 72, JIE X Rigaku R-AXIS
RAPID [EI#3Lf#E % vy, Rigaku PROCESS-AUTO 711 7' 7 AMZ LV T —F B LTz, fEHTIZD
WL SHELX-97 7'm 25 A3y r—U% Fvy, Patterson {5 XV IVT =0 AJEF OFERE Z )k
& L. Fourier AR & 0 %D KB T OREEERE Lic, SHELXL-97 7073 Lk VT,
BN_REBEEITORBEL L, 2TOIRKERFEIFETIECRI L, $5kg o FY FEd
N DPLENIRE TE Do T,
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Table 2 - 16 {4 9e, 9g, 9h DfEF: AT — & 16 & ONHIE S+

9¢ 9g 9h
[Crystal Data]
empirical formula C,sHi4Ru, CssHs4Ruy Cy4H7Ruy
formula weight 738.80 879.06 1005.30
e 153(2) 123(2) 153(2)
crystal system Monoclinic Orthorhombic Orthorhombic
space group P2,/c (No. 14) Pbca (No. 61) Pnma (No. 62)
alA 15.104(4) 17.508(3) 15.228(2)
b/A 9.352(2) 18.083(2) 17.066(4)
c/A 17.189(4) 21.788(3) 16.035(3)
al/deg
Pldeg 89.810(11)
ydeg
V/A? 2428.2(10) 6898.2(17) 4167.4(13)
Z 4 8 4
Deyie/g cm™ 2.021 1.693 1.602
F(000) 1440 3520 2048
2 (Mo Kaymm™ 2,449 1.739 1.450

crystal size/mm
crystal form, color

[Intensity Measurements]
Diffractometer
@range/deg

limiting indices

20 nay/deg

reflections collected
reflections unique (Ryy)
absorption correction
max and min transmissn

[Refinement]

Ry, wRy (1> 2.00(1))

Ry, wR; (all data)
Data/restrains/parameters
GOF on F*

Aple A7

0.160 x 0.150 x 0.140
block, black

R-AXIS RAPID
3.22-29.99
0<h<21
-10<k<13
—24<1<24

60

23991

7454 (0.0219)
Empirical
1.0000, 0.4282

0.0233, 0.0477
0.0293, 0.0497
7035/66/314
1.045

1.003, —0.781

0.300 x 0.260 x 0.150
block, black

R-AXIS RAPID
3.15-29.99
0<h<24
0<k<25
0<1<30

60

81460

10906 (0.0262)
Empirical
1.0000, 0.7237

0.0256, 0.0606
0.0284, 0.0619
10003/0/418
1.198
2.371,-0.883

0.200 x0.200 % 0.150
block, black

R-AXIS RAPID
3.02-27.48
0<h<19
0<k<22
0<1<20

55

43415

5296 (0.0188)
Empirical
1.0000, 0.9005

0.0149, 0.0373
0.0164, 0.0378
4925/0/251
1.063

0.349, -0.415
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1) $81K 9e DL
$rif 9e Doy FHEE % Figure 2 - 1512, R MEA R, MAA%ETable2- 171K LT,

e A=

Figure 2 - 15 $5{& 9e D4y 11

Table 2 - 17 $&{ 9e OELiEAE. BEA

Bond Lengths (A)
Ru(1)-Ru(2) 27674(6)  Ru(1)-Ru(3) 2.7523(5)  Ru(1)-Ru(4) 2.7492(5)
Ru(2)-Ru(3) 27363(6)  Ru(2)-Ru(4) 2.7389(6)  Ru(3)-Ru(4) 2.7524(8)

Bond Angles (°)

Ru(1)-Ru(2)-Ru(3)  60.008(8)  Ru(l)-Ru(2)-Ru(d)  59.903(8) Ru(1)}-Ru3)-Ru(2)  60.555(14)
Ru(1)-Ru(3)-Ru(4)  59.925(12)  Ru(1)-Ru(d)-Ru(2)  60.561(13) Ru(1)}-Ru(4)-Ru(3)  60.035(10)
Ru(2)-Ru(1)-Ru(3)  59.437(15) Ru(2)-Ru(1)-Ru(d)  59.535(16) Ru(2)}-Ru(3)-Ru(4)  59.868(15)
Ru(2)-Ru(#)-Ru(3)  59.774(12)  Ru(3)-Ru(l)-Ru(d)  60.039(17) Ru(3)}-Ru(2)-Ru(4)  60.357(17)
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2) fE{k 9g DA FIEE

g IR 9g D4y FHEIE % Figure 2 - 1612,

EhEERE., A% Table2 - 181R LTz,

Figure 2 - 16 51K 9g D457 HiE

Table 2 - 18 $&1k 9g DERFEAE., WHHA

Bond LengMA)

Ru(1)-Ru(2) 2.7496(4) Ru(1)-Ru(3) 2.7391(4) Ru(1)-Ru(4) 2.7302(4)
Ru(2)-Ru(3) 2.7527(5) Ru(2)-Ru(4) 2.7542(3) Ru(3)-Ru(4) 2.7683(3)
Bond Angles (%)

Ru(1)-Ru(2)-Ru(3) 59.710(8) Ru(1)-Ru(2)-Ru(4) 59.479(8)  Ru(1)-Ru(3)-Ru(2) 60.088(7)
Ru(1)-Ru(3)-Ru(4) 59.434(9) Ru(1)-Ru(4)-Ru(2) 60.177(9)  Ru(1)-Ru(4)-Ru(3) 59.751(9)
Ru(2)-Ru(1)-Ru(3) 60.202(12)  Ru(2)-Ru(1)-Ru(4) 60.344(6)  Ru(2)-Ru(3)-Ru(4) 59.848(7)
Ru(2)-Ru(4)-Ru(3) 59.796(11)  Ru(3)-Ru(1)-Ru(4) 60.815(6)  Ru(3)-Ru(2)-Ru(4) 60.356(7)
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E2E Mm% - ARARY ERY FREDARBL UMY

3) #&{k 9h D FiEE

S5R 9h D3 T A Figure 2 - 1712, LA E. 54 & Figure 2 - 28175R L7~

Figure 2 - 17 $5{K 9h 025 T4

Table 2 - 19 $&{K Oh D E R FEEE. HEA

Bond Lengths A)

Ru(1)-Ru(1A) 2.7883(6) Ru(1)-Ru(2) 2.7883(3) Ru(1)-Ru(3) 2.7923(3)
Ru(2)-Ru(3) 2.7924(5)

Bond Angles (°)

Ru(1A)-Ru(1)-Ru(2) ~ 60.000(6)  Ru(1A)}-Ru(1)-Ru(3) 60.048(6)  Ru(1)-Ru(2)-Ru(1A) 59.999(13)
Ru(l)-Ru(2)-Ru(3)  60.046(5)  Ru(l)}-Ru(3)-Ru(l1A)  59.904(13) Ru(1)-Ru(3}-Ru(2)  59.903(8)
Ru(2)-Ru(1)-Ru(3)  60.050(11)

WTH OS2 7 o Ru-Ru BEHHIISIFE L, ENEEEEZR LTS, LFoy
LEEEREOSEEIEIZ, 9e=9g (2.749 A) <9h (2.790 A) Th o7, ik, $5k 20 OEA L FIEE
(2, SRR T ONAR BB SBREL RBICONT, AEBHELTWE D Lok, Wi
B TR DM AR FENEAROMIRICES LTV ELEELOND, 450t R RELTIE, 6
1A 9e, 9h DIENTIZ BN TE DB EEFT S Z LN TEX  FEICZHEIFERL L TWDB 2 LA
B &M 72 o7z, Figure2 - 15, Figure 2 - 17236005 X 912, & Y REREF & T = AT
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B2E mig - AR E FY FREDERE S UHEE

D> BRSNS BHIISLTIRICIEWEE 72 LTV 5, $EK 9g, 9h iZxtisd 29 ME~FHY v K
RE5(K 2g, 2h L FHONT =0 ARIEEREZ LT D L. KD EL R TN D, FE~FHE N
U FEER 21 S8 BTSSR ChHZ DIt L, THET M7 b RU REEA 91X 56 ETHETHY | AL
ANLARFIFIHESEIM L T B, $ERDORBF IR T 21280, &E-& B A ORI
mu. AT LVES B b EIBND,
WA =257 £ 5 e Y FEEEENTRRE 22 & b € 0ATR S EAERIE
& UCHERET D ATREMED B D, & 2T, $EIRDOB I % SRS & fis LIEBRORISH DY A 2% R,
b o7z, van der Waals Y-8 % & & L 7= 2% Fe4E X & Figure 2 - 18, Figure 2 - 193 J (’Figure 2 - 20
W Lie, 888 9e DY Cps i EN i & Cp*Cpp iICBHE NI D 2 TN H 52, Cps i
FENTmDHB)IED, ZAFOBOESIIRIEN 524,56 A, 56 ATHY #%hHEIT484,524,
52 AThote, 5K 9g DG, Cp* B X ILIZ1E & Cp*,Cp \ICHENI-E D 2 TIN5 5 M,
Cp*s ICHENTHE DT BIA, ZAFONORESITAFEN 40A,494,49A CTHV | $HhEIL2.8
A 46 A 46 ATHoT, MERWT/NER CpEEESD BIEEDOTBRIGEH DY A XH/HEWN
DI, &Y O 35D Cp*EBMARMICE B < . KIEEZ BT B72DI2 Cp BB Z A, FRE
LT, Cp*s ICHENTZEB R SIANVTA X R-TebDEEZ LIS, HHE~FTE Y NS
1K 2g DZBERISHBIL42A,55 A, 55A THHZ 0D, T T RU REEEDIE S BEISHED
FA KGR E, §8E Oh DA, Cp** KHENTLHARKGETHY . TOZABOLOE X
i3, 354,444,448 ThHote, ~F Ve N FEEEOKIRNEDOY A X 2.84,484,484) &
BT 2E, 778 RU REEEROIED BEIGH DY A KGNSV B350 5D, ZIUTFEY
Ru-Ru [ BEREDRHA & —BL T\ 5, ETo, 3FEDT N T & U RO KIS DY A X% g
95 L. 9¢>9g> 9 DRI DV A RII/NEL BT ERNhoT,
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B2E - ERRUE Y REBKOARME & (OX:3=y

Figure 2 - 20 $5{A& 9h D ZEf F5 44
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LT 2ALT FTE R FEELEKBEORE ~~FHE R FEEOEE~
BEfAR Of, 9g LAKKR L DFUSERFIL, ~FH b NI NS 26,28 AT E2H LML
7o, BEIK 9f O benzene-ds BRIRIZ, 1 KUEDKFBEZEAT B L $EEK of DD & & bITHR & ITH
R DER L 10 FEE TR IIERLER 95% CEE A 2 IZ8A(k L7z (eq. 2- 37), #FfA 9g DA [Al
RRZRGME TR, S8R of [T HE N THRBER DM RO IEHETT L. 168 BEREITIZ 75%DIR{L 3R THHA 2g 28
AR L7z (eq. 2-38), ARSI L& Figure 2 - 21Z7R LTz, $51K 9h DG & el 2 & |
BEIR Of, 9g 1ZIEFN/R T TAFBERIGE L TWA Z ERHLNTH D,

<

/Ri\ b Ha (1atm) /Ri\ X
%R ' > %RU;RZ

Hy N benzene-dg, rt, 10 h He N é .

(eq. 2-37)
of 2f (95%)
G @
/R“ \A{ H, (1atm) /
Ru—y —
A R, \7 > Y r
ﬁ(\ v, RY benzene-dg, rt, 168 h N{Qj Z { (eq. 2-38)

9g , 29 (78%)
10 im
08 Y 0.8
o - *
o 08 | gozf o 0.6 .
® imof -1 *2g
14 b o]
= x |99
§ 04 | FS g 04 |
0.2 F 0.2t .
0 0 A
0 100 200 300 400 500 600 700 0 50 100 150 200
Time [min] Time [h]

Figure 2 - 21 851k 9f,9g L/AKRFDOIE (2 : 9f, 4 : 9g)
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%88 LTS AAFHE BY RStk s BRE ORIS
ST = MR B R Y REEE—BIICER L RS ICEIST 5 T & R RB TN B, Bl %

B SRAT = AU B e R RS L BT & ORUGTHE. BRI LT ORBENR S TR
— Pl mb AL B ZHEEBA X VEER, B A ZHEBA F VAR AR T D (Scheme 2 - 7),

71\

il = By

Scheme 2-7 ZHINT =7 ARV Z B R Pk L MBEORIG
PN T =0 AF e U FEEA 2a 13, BIRRIECIZZES T OB I L THs T, Wi
VT =T L ZEBIHE A Y SR (7°-CsHs)Ruy(u-H)p(1s-H)p(15-0) (10), /3% 77 A TN
FoU AR ZEPE AL X VK (17-CsHs)RuHy(1s-0), 11) 32EFT 5 (eq. 2-39), 2 LL,
IR & BB U TR S e, AT, #8110 72 b ONT 11 DFRITH
WCRRRT Lz,

ﬁK . 0z Rm:i@ém)a
Wik &\ﬂ S
Ru toluene, rt, 2 h
Hg <j
2a 10 1

(eq. 2-39)

PRIV T I LZERBBE/ AXVEER, N2 754 BB T OLERAZEREAXVE
ADOER

$ER 2a B2 VU RIGEICEYRY , NfE2EZIC LRI, ER{REEALE, T MR
Feo9g o iEiie LT, |[IET 1 EBRES S, BROAE., BEeNDBRAICE L.
BEFCREA2EEL, PAIFTHTAIa~ NTF 74— CRiT 3 - L ¢, BafEE: LT

MORIE A, BRI R TR, 1995,
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S5 10 Z IR 90% THTZ (eq. 2- 40), 5K 101XV X AZIRIE L A WM LIRNA, hra
WWHEHFBETHY ., T o Fu 75 3 BSICERT %, £, $5fk2a D7 ~o e FrouJ
PERICHR L TR EBRI L Th, S5 10 (2R L8N Z &5, $5K 10, 11 XK IS E
 NBKEDRISOFRERER T H LD TR ERGhole, RIEDTANRTG U REZEZD L.
AREJEDFRHTIIARBRELTND EEZ NI BRHRBTERP o7, RISHD 'H NMR R
7 bAATIE, SRR 11 OARL LB S, $5( 10 & 11 DEIE 90:10 Th o7z,

< =
Ru\ Q 02 //Ru\
WA > 3/\/\‘7”/Q
Qj ~/~Ru THF, rt, 1 h (\7 lr7~Ru (eq. 2- 40)
HY y 2 I H, \0 q.
2a 90% 10

SRR 11 IIREEETH Y, BEET A2 L b T 5 (ERES), £z, HHEL 25K 10 &
SR & OIS EMRET U S5 11 235K 10 2R CERTHZ L EWH LM Lz 5K 10 0F b
b Fr 7T UK E RRAFHR T CISREHEIR L% . "HNMR 2R ML ERIE LTz E 25,
SEIR 11 OAERRE MR Uiz, 518 10 2> S85K 11 ~DIR(LRIT 26% TH Y | BIERMITBIRSh
7207, (eq.2-41)e ARFURICBNTH, ARRELTCHNDEBDEEZ BN,

<z
D i
H R\uﬁ THF, rt, 18 h <D (eq. 2-41)

10 . 26% 1"
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E2E Wi - AMRY £ FY FRAOERB S UHE

EOH W% - AT =V LR E F) FEEOETFIREDTH

VA7V 7 RNG AN =Tk, $EELHBLA M OMRIERTTEN, BRI AT
DHIIZOVTHD Z N TE, UL UIZREIR GG O SUSHE 5§17 0 | B T D%
EDROBRICHE DN D, ¥ Fio, BGBTEMN S, $EKD HOMO X LUMO 2B+ % &
BEHTLHTED,

PEERDBEFIREBEE 2D Z LI XY | UNEERHIET D 2 L B3 TE 5, $EROETIRIED LM
I LT LIE CV WS T E 72, 1970 AT G . SR DR LR CER & HOMO D= X
X —HENL & DV id Redox potential & BUALF DBEMENRIC OV TORFFEDED b TE T, %
DOHTHHIE~ TV VR = VEERIZ DD TR 2R 7E 3 T T & 72, Treichel Hid—~
YHYINRENGERO I NVR VBN FE T2 b= b U VBB I ER L2 &, ]
SEBT DT LICBGBEICEN (Ep) B 05V EFTAZLE R L, ¥ &5617 Fenske Hi% =
DEEALH HOMO D)L — UL & BRI BIBAT ) b d Z L &R Lz, * Pletcher, Pickett,
Leigh 5i% [M(CO)s,L,P" TR I N BEEEDOBILEN E(ox) IR TEINDZ EE2HLMNT
L7z (eq.2-42), *°

E(ox)=A+n[dE’/dn]; + Cy
(eq. 2- 42)

(E (0x) : BRLEERL, dE /dn:n fHO CO R B LIz & & DB OB, 4,C: F3)

F 72, Lever X 200 FEIHLA LOBZSEAD CV 2 H]E L, BMILEICEN EIXEMRBGRTRED
TEEMLINC L (eq.2-43), © THDORRIL, BESEICBO TIHEED L Ky 7 2T
VR NEROMEE T YA U TEDLIEERLTVD,

¥ (a) TEWS 1R, SLF MER, BRALFRELEOLEME, S R 2003, (b) £ EIE, VI, g R,
W BB, & R, MBOOFs & HIE B2 PR T, 1996.

% (a) Lemoine, P. Coord. Chem. Rev. 1982, 47, 55. (b) Geiger, W. E.; Connelly, N. G. Adv. Organomet. Chem. 1985,
24, 87. (c) Lemoine, P. Coord. Chem. Rev. 1988, 83, 169.

37 (a) Treichel, P. M.; Durren, G. E.; Mueh, H. 1. J. Organomet. Chem. 1972, 44, 339. (b) Treichel, P. M.; Mueh, H.

I.; Bursten, B. E. Isr. J. Chem. 1976, 15, 253.

% Sarapu, A.; Fenske, R. F. Inorg. Chem. 1975, 14, 247.

%% (a) Pickett, C. I.; Pletcher, D. J. Organomet. Chem. 1975, 102, 327. (b) Chatt, J.; Kan, C. T.; Leigh, G. J.; Pickett,
C. J.; Stanley, D. R. J. Chem. Soc., Dalton Trans. 1980, 2032.
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E= SM[EEL(L)] + IM
(eq. 2-43)

(B: BRLBITEAL Sv, e BT, BMEETTH, ALK, SIMMEFIEET DT,

E(L): B FRAHDNRT A—H—)

7 7 AR —DHERER Th HEBESLI/FENL T 2 REICE ST, SRR OE T Rig%x
BT 5z Lk, ANCA B EHT 28R 72 5 —USHOMANTTHRIC 25, &
B I AE—DeEE, IERMTFOEEEY CVIHIBIC IV LT AmEb RSN TETY
%, *' B Humphrey &%, #4772 Cp RENL T2 FOT V) TT 0 oA VDT ANL R DML
R NEEEE AR L, DV Ry 7 2%8% CVRIEIC L VAL LE, Y Z0RE, O Cp
ERETNFNEEEATE, Q U TAT U ERYTTUVCERS, @ INVE=NENT%
WA T 4 VELTACERRT B OWVTRDEIT ) LR TEMMEBMN S 7 M52 & & R
Lz, ChEDHBIEY T A4 —OMRER @BOEE, BT 25LsE5 2 LT, BR
HRMEE2HIHTELTHA D LBRRITND, ThE TICAR LitEx 7 Cp REMLF 2 AT 5
MEELT =0 b~ P R R BLORBALT =0 A~T 2 RY ReEED CV 2 ]IET
HTEICEY, @BY TR —RISBOBEIREBOE RN TR REIC 25 L EZ D,

Fiz, CVHIEIZ &0 GEEROBRE I ) EEWRIZHEH UEET 5 Z WA ThH 5D, Bl
SER DRI TER IS CIIEALSE LB BT 5 & & bICH LSRR OBLKREY 1| BFPo%
4 20T, ZEMBOBLBELKSIIRETH D, kL, 752 & — LAY IR AR
BT 2138, &Bdh i OBALRIEEOELIZ/NE < 720, E7-, “electoron reserviors” & IEIE
N3E51, BEEEEICETHEDICSBEORILBTISHBERTRD, 7525 =T,
BTFOHAY I, @RB-SBHESOMNE, 77 A4 —ERELPEE, BECioTL &
F-&REREEPIMT S, 7T AF—BEORRDERDOLEBIZEIT DT TR S — D5
WNET 22 LBMb TS, © #%1E, Humphrey HIZRROBHLTH S AF L YD
DDA 72 B UIE I VAR = VB CpaWalny(CO)ip DR 72l DIF-E >\ T DFT #HHE %17 >

40 Lever, A. B. P. Inorg. Chem. 1990, 29, 1271,

4 (a) Hernandez-Molina, R.; Sokolov, M.; Clegg, W.; Esparza, P.; Mederos, A. Inorg. Chim. Acta 2002, 52. (b)
Herbst, K.; Zanello, P.; Corsini, M.; D’ Amelio, N.; Dahlenburg, L.; Brorson, M. Inorg. Chem. 2003, 42, 974. (c)Ross,
S.; Weyhermiiller, T,; Bill, E.; Bothe, E.; Florke, U.; Wieghardt, K.; Chaudhuri, P. Eur. J. Inorg. Chem. 2004, 984. (d)
Li, Z.; Du, S.; Wu, X. Dalton Trans. 2004, 2438.

42 Lucas, N. T; Blitz, I. P.; Petrie, S.; Stranger, R.; Humphrey, M. G.; Heath, G. A.; Otieno-Alego, V. J. Am. Chem.
Soc. 2002, 124, 5139.

B (@) AAER, A, BAE, VRETER, KEREMIR, RN T 07 0 7 B 1992
(b) B LWEFMRE —BERTH» OBEEE T FFLSEEH No. 3, PE2HRE 2 —: EIFT, 1988,
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'R /S

F2FE @ - ERRYEFY FEAOERB I UEE

o £ L2 EFRILIICDEETL, W-W IS 0B3IHE L7=/3 % 7 5 4 BIgER T 2L ¥ —Hi
2 L, | BT IR C I S % R 5 = L 291 BT Lk, — ORI EHE D
—EOHEICBIT B OV HIEICBO T, B TR 2 B TR TER AL S ., BT
"l | B RSB IN o s BT,

AT LT =9 58 Y b KD NSRS X 0T T =0 haF R e B Y RSO CV
BWE L. SIS K ORLF OB HTRIC > TEER L,

BIE %

CV DRERU TR ARTFETIT o7, EFREBIZASEMR, XHEMEIT 01 M
[("Bu),N][PFs}/THE, ZREMII1T Ag/Ag" (("Bu)4N][PFs] / CH,CN) % W=, BIEICH W5 K
T NI T 3R T = ) o F R VTR  BRE TV, SIRFEME IR LY
BR L7202 MW, WROMEZ L CICHEIE T a—T Ry 7 ANTITo Tz, WB1HE
IX4T 50 mV/s TIT o7, FERNIZRBITICFEdR L7, ‘

1) BENLT =7 LAXHE R REED CV e
B 2a, 2b, 2¢, 2¢, 2f, 2g 5L U 2h O CV 2T L7z, HERKE % Table 2 - 2012F &, $8K
2a B L 2f O FX % Figure 2 - 221277 LTz,

|
A If\\
B \ J * K [
I A7 | /
7\ N\
2 AR\, P ! [ 4
A [\ Yy
] / o {
e ey s EEEN !J
2 i ST st N bl v
3‘ - } 5}
4 /\ }!l \V nd 4 - /! ’/\\\4
P i -
o |11 ; y
l! 4 A
!
BN !
g
[ 0 i 2 -3.2 10
- i n 1 2 -3 3.5
BE /Y BHE /0

Figure 2 -22 $8{K 22, 20 DY A 2 V v J RAFET T b

(&« i 2a, & ¢ $EIK 26, IRFEME 0.1 M [("Bu),N][PFq] / THF)
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Table 2 - 20 PUEELT =7 AnF 4 b KU REEMK 2 O CV JIERE S

resting E,. E. Epn AE oo s
complexes potential [V] wave [mi/] [ml;/] [mV] [m\l;] Ipalfpe reversibility
1 —2518 -2637 —2577. 119 1.60 irreversible
2a —0.84 2nd -2024 -2135 -2079 111 1.15 quasi-reversible
3 -329 —443 -386 114 0.90 quasi-reversible
4t 14 irreversible
1 —2647 2778 -2712 131 0.98 irreversible
ab 082 om 2142 -2266  —2204 124 1.07 quasi-reversible
30 —444 568 -506 124 0.87 quasi-reversible
4th —50 irreversible
I -2116 —2245 ~2181 129 1.20 quasi-revetsible
2¢ —-0.83 ond -338 irreversible
31 189 irreversible
1* - —2699 -2800 =2750 101 irreversible
2e —0.83 om —2202 2296 2249 94 0.97 quasi-reversible
3 —444 -653 —548 0.83 quasi-reversible
4 -128 ~258 -193 1.01 irreversible
I —2429  -2299  -2364 130 0.97 quasi-reversible
2f -0.90 ond -569 692 —631 123 0.81 quasi-reversible
3¢ —-303 -174 —238 130 0.99 irreversible
’ 1 —2287 -2426 —2356 139 1.16 quasi-reversible
2g -0.98 2nd -779 -903 ~841 124 0.84 quasi-reversible
3 —243 ~368 -305 125 1.04 irreversible
1 -2565 2693 2634 128 1.11 quasi-reversible
2h —0.96 ond —-824 -927 —875 103 0.91 quasi-reversible
31 -299 -397 ~348 98 1.02 quasi-reversible

—EDWZNT =T b~ b R NEEERIE, KRR T CTh D Cp BICHE L AFALED
BCEHET L2 LN TE D, Cp EITHET 2 AFAVEOEI M IE, @BFL~DEAi
ERBRTBHEEZLND, Thid, Cp B LITAFAENEMT DI, K2 e FY R
EOLT-O LY 7 MEREBBEINC Y7 LT ZENL L TRENE ZETH D R0 s
&2 7 OEAFEEN LFHT L, HOMO O =R — ULk BH U, 2B E,, (HKEM
iz 7 b2 eELLND, .

Table2-20L YV, CsBR EIZAFINEREASNDITMED, Ep PMEEMANCT 7 F LT Z
ENGMD, T, BWUNCEEERO KRR T- 2T 5 Z L1k 0| s OBIRIE S H1)
FTHZENWETHD, £, 5K 20 & 2e DRERD L. SEHEOETREBIISEEREED Cp
FITRER LIz A FNVIEOBITERTF L A FNVEOBRABEIIIEEFEL TR NI ERH LN TH
B. SED. MeCp DX 31 4 50 Cp EACHEIT AF AL YA LIHATY, Cprikh 1
D, TROLRFTRNCA T NVEEEALEEA T, BFIREBIZEDO XA FNVEOEIZORET L
T3, 2, MESERDH T2 6 2O&RB-ERBAEN L TCETIBETHZ LIk - T,
HEBPLOBTREPE LLTVAZEERLTEY XN FIc L 57 T AZ—DET
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F2F Wi - ARRY E FY FEAOSHE L UHE

REBOFHEIT I RICEBRREETH S,

Eo, BLETHBEOBTREHELHIET A0, §5K 2a IOV THEHIET 1 2 7 Bk
(RDE*) 2 M\C, RFGHELWE Uiz, 6565 2a ORI, 125 mM TH D, 4Dy 13>
B ORMEEER L, * Levich IZHEV, 2 BEH ™). 3 B H (3" 0BBROETFBE
Bon & LTy iy =021, mg =023 BEH Ui, niZEBRKCHEZ L, ADPV 37 zut
DETH DT L. BEE RDE ZAVTHIE LESEHE Y & R Y FEEKOFE T b RN E
HENTHnaEZEY HoYHEIdTS & n OESE/NGHE S A BEIICH B2 B9 olz, 2
TR DN n O, BEZEERICKEITS 1 EFBEhERICHEY LTS EE 27, 728, RDE
BE I, AREBAMICRS L7256 3, 4 Br B ORIBIMEENA b S EMMM AR Lo ig &
RipoTHEIhE,

-160

/
/
[
-100 /
]
b /‘
12
[ . 4 {
r'“"‘"'_J/
[
50 ]l (
/

i

1 0 -1 -2 -3 -85
BHE /¥

Figure 2 - 23 $5{4 2a OIRRBHME (500 rps)

* rotating disk electrode ([HfizT 4 A 2 HH)
¥ ORI A, PBALRST, R TR, 2003
S a) BRIF B, BT FRTEKE, 2004.b) Ktk Me—, BRI SR TR, 2004,
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2) @ELTZI9LTFSE R K&k 9 D CV
$EIR 9f, 9g B3 LUV 9h D CV BT LTz, HIERER 2 Table 2 - 2112 F & ¥, $5K of, 9g D2k fH
5]X % Figure 2 - 241ZR L 7=,

" 6
A
4 - 4 l
f‘ }/\ {
2 AN / : A /
/ Wi M \ {
5 [} /l 3 3 ga Sk f
N / — N0 ] S
Boof Vi [ \|
/ ! st 2 /
N AL :
NNV ) l \
B \ I{ 2nd I nd
Y /
g 3rd 8.5 3r
0.3 0 -1 -2 ~2.5 D.5 0 -1 -2
BHE /¥ BHE YV

Figure 2 - 24 $5K 9f, 9g DY A 7 U v 2 RNV EZE T T A

(2 : $EIROf, . 51K 9g, FFEME 0.1 M [("Bu),N][PFs] / THF)

Table2-21 WA T =D AT FT FU REEHE9 O CV RIEH R
Epc E1/2 AEp

resting E

complexes potential [V] wave [mi;] [mV] (V] [mv] Ipalpg reversibility
1 -2123 -2254 2188 131 0.94 quasi-reversible
9f —0.90 ond —464 —6045 —534 141 0.86 quasi-reversible
31 - - - - - irreversible
™ —2243 —2368 ~2305 125 1.05 quasi-reversible
9g -0.79 ond -535 —656 -596 122 0.91 quasi-reversible
31 —42 -158 —100 116 1.26 irreversible
1 —-2362 2476  —2429 114 0.91 quasi-reversible
9h —-0.79 ond —586 ~696 —641 110 0.97 quasi-reversible
31 —56 ~157 -106 101 0.96 quasi-reversible

PR T =5 AAEYE KU REEK 2 & FIRE. Table2- 212553555 X 5 1o, KIHRALT O
FHEMEAEE DI, PR EAIHEBAMIC ST b LT, Eio, AT =7 Ak ¥
ERU REEE2 EWBET 2 E .7 M5 b R REEER O DIE 5 A% & 0 B BRI i A 1 &
TV B,
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B2F W - ABARYE FY FEFROSRE L UMHE

3) B/ AFA U MEEBIVTZDLATEE RY RiEAKT7 DO CV
$E{K Th-BPhy, 7e-BPh,, 7-BPh, 1 L (X 7Th-BF, O CV #HIE LTz, BIERE R % Table 2 - 2210% &

W, Btk Tb-BPhy 5 X U8 7-BPh, 2SI % Figure 2 - 251077 L7z,

2.4
] \
2
\ AN
" f-- I\ 1)
[ J
{ [/ ! R et 4
4 AN 7
/ e i N\ Y,
! f e f
= / - / — { /
] A s E] = { v
N }} S S — Ir—'"—" \\’ N ; / ! ist
B / et e {AAY "
/ oV ] AT
\ N \J [1.]
\J v N
7 i W
[ A
o Wi
2 V} |
Brd ’
2.5
0.5 -1 -2 1 1] -1 -2 ~2.4
BHE / BE /¥
Figure 2 - 25 $5{& 7b-BPh, 38 L OV 7-BPhy DA 27 U w 7 RV ZE T 5 A
(& : #5415 7Tb-BPh,, J5 : $5{K 7E-BPh,, X&EEMHFE 0.1 M [("Bu)yN][PFs] / THF)
Table2-22 &/ AFFVHUBANT =0 A~THE R REET O CV JIERHR
resting Ep, Epe Eyp AE, o iy e
1
complexes potential [V] wave [mV] [mV] [mV] [mV] ipal Ipc reversibility
1 -1735 -1826 —1780 91.0 1.00 quasi-reversible
7b-BPh, ~0.61 2 8872 9663 -9267  79.1 1.02 quasi-reversible
31 149.5 59.6 104.5 89.9 0.94 quasi-reversible
1 -1922 —2006 ~1964 84.0 1.05 quasi-reversible
7e-BPh, -0.72 ond -1017 -1097 -1057 80.0 0.89 quasi-reversible
31 453 -39.3 3.0 84.6 0.96 quasi-reversible
1 -1913 —2010 —1961 97.0 0.99 quasi-reversible
7{-BPh, -0.70 2 1012 —1107  -1059 95.0 0.96 quasi-reversible
31 58.1 —41.5 8.3 99.6 0.95 quasi-reversible
1 2127 2253 2190 126 1.05 quasi-reversible
M 1241 1331 —1286 90 1.06 quasi-reversible
-BF -0.67
7h-BE, 3 963 186 ~141 90 1.37 quasi-reversible
4 470 104 287 366 0.66

Wi T =9 baFy e FY RER 2 & FER, Table 2 - 22355315 £ 51, Cp & LD A
FUEDOB AL, B BENMIIEBAMC T T b Uz, Fie, B DT A USSR 7 & ptE~
b RU REER2 2T 5 &, 8507 0 BEEMACBE I NIz, ik, $5Eob T+
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$2FE mi% - ARV E R FEROERELUHE

AMERC K VR 2T OBEFEEPMET LTI I EEHLNTIRLTNS,

FE 72, $EK 7£-BPh, 129\ T RDE % VO, ﬁﬁﬁ%?ﬁ{ﬁ%?ﬁ% Uiz, SEMRIREEIX, 0.91 mM T
o7, Levich ZUTHEV, F@ROBFBEIE - 25 H L, 3 BREOBIETERIT, Fh?
MU =021, 1= 017, 13 = 0.19 Th V| $lE 2a DFG L FRRICERT D &, FBRIT1E
BEWMBETHL LB NG,

-80

/
/
80 y A
-4
o
"
20 b
. /
N U ,
b
[ ]
P 4
a0
&0 I
[
0 f
100
1 0 1 -2 3
BhHE /Y

Figure 2 - 26 $&{K 7£-BPh, O [REHEAE (500 rps)
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E2E Mg - BRORU E R REEOARE & S

4) DhFAEmBLTZILFY 2 K Rk CV
VATFAUVHEBNT =T b4 7 F e FU REE [(7-CsMesEt)Ruy(u-H)y(15-H)[BF4 12
(8-BF,), [(775-C5Me4Et)4Ru4(y;H)4(y3-H)4][PF6]2 (8-PFg) @O CV &I LTz, $H1K 8 132 ki
TEPBREINT-DT, FEOLER LT (Figure 2 - 27), = 0 2 FEDSEKILHIE Tih 2 1200 fif
FTHZERMBNTHY ., BUHEOELBELRETTAMLTLE-EbOLEL BN,

3 N -1
’ / ~V N4/ 8 /|
/ |
/ i 7]
, 7 | /
I — N\ 4 \
i ./
0 /. [ /
- - / / /
. N / S
M sV e e PR f 7
Pl IR Vi 5
il ]
P i 7 » ¥
i 7 o~
f AN LY
4 |
/ 2
§ 3-
1 1] -1 -2 -3.2 t 0 -1 -2 -3 -3.5
BRNE /¥ BHE SV

Figure 2 - 27 $8{K 8-BF, 8L U8-PF DY A 7 U vV RVF TS5 A

(f5 : $E{K 8-BF,, £ : 841k 8-PF,, IHEME 0.1 M [("Bu),N][PFs] / THF)
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B2F mig - AMRIVE RN FREADERELUVHEE

5) MBILT=ILE/ FXVEKI10DCV
B 10 D CV BHIE LTz, RIERS SR % Table 2 - 1712= L, 25X % Figure 2 - 2812R Lz,

2 \
D AN
5 ,’ >z
| ]
0 e ‘]
e 77 S Pl 1st
/
<IN
{
\/ il
8 L]
0.5 i} -1 2 3
BHME /Y

Figure 2 -28 $&5K 10 DY A 7 U v I BAZE T T A (FFBEAEE 0.1 M [("Bu),N][PFs] / THF)

Table2- 12 WUEIVT =0 A A% V5K 10 © CV JIERE
resting Ey Ey Eip AL, . -
complexes potential [V] wave [mV] [mV] [mV] [mV] Ipe/ Ipe reversibility
1 - 2341 - - - irreversible
10 —0.66 2nd -188 —297 ~243 110 0.93 quasi-reversible
3¢ 158.7 - - - - irreversible

T hIe Ra7 o OBMBNTZEMOBLETTHEMIE SN, &2ERIT 2 RRIE
BN RE 2B KT, 2 Bt H DHTI VT & HEBEING L) REENM ke L

THEINE,
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uh

5% e

B28E Wi - ARARYEFY FBAOSHE L UHE

6) AMILT=ILATRERY Fiiik4 D CV
SE{A da, 4c D CV ZJUE Lz, #ERZTable 2 - 23177% L, &850 2447112 % Figure 2 - 29

Lz,
5.
_ n
-18 . \
: 4 \ \
{ - ‘ /
-10 !{ 2 | 7
p l \ Il
f < 7 / "Lf\\ 4 \.._,—-/J" T
-5 ’ : o / e
[ B {0
n =SS ERE yarsh \
4 / IR A |
2nd |:| 3 - \\ o Ist
5 ’\/ N ’
3rd 4
8 5. drd
n.5 0 1 -2 -3 0.5 ] -1 ) 3
e /0 BHE
Figure 2 - 29 #fK da, dc DV A7V v VRNV EZ BT T A
(Z2 : ¢k 4a, 7 : SB1K 4o SKRFEME 0.1 M [("Bu),N][PF4] / THF)
Table2 -23 FRENT =y bAT H e R FEEHED CV JIERR
resting E, Ey Epn AE, ., o
complexes potential [V] wave [mV] [mV] [mV] [mV] ipalpc reversibility
1 —2268 —2406 -2337 138 1.20 quasi-reversible
4a -0.92 and 610 702 —656 92 0.98 quasi-reversible
31 —113 irreversible
1 —2325 ~2448 —2386 123 0.96 quasi-reversible
4c -0.72 ond —663 ~765 714 102 0.85 quasi-reversible
3" -142 irreversible

Thob a7 7 OBMBNT 3 BEREOBLETESEE I, BETHEGEEOREY Cp*
AT HEE de DIE 5 75, & D IRERMC S 7~ LTI S, 850K da 1k 2 B H 002 C
0 3E L CHREIT 5 & | Rl CEER S Nk X RS TR < L BRSNS £
PR A & U S e, TEEREE BRICE X THIE LT b, BIC B R bz

oY o
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B2E @i - AMRYE R FEAOERBE L VEE

Z#KRY E R FiEED cvoER
BBOEE
@R/T T ALY —HOPLEREOBINIAE - T, BLERICEMD &0 X S ICET 5 0hE,
@B AL (Metal-additivity) OFRFE L W O BUR THEER 72TV D0, BT NVEERRHE D
FHELBRWZ EbHY | 1FEALHLDIZESILTVARY, Calvo-Perez Hid, %, =, WK
SV P ALRFY L — %ﬁ%ﬁi@—i/o OB T EALIE, B OB, BBz
ZrRTAIEERBEL, BEoBMT LY
HOMO-LUMO H D=L —F ¥ » 735

LUMO
95 Z &% SCF Fenske-Hall % F\ V- 5HE &
VEALMIC LTS, ¥ " —
Cp**E% XFEN T L TH5 VT =0 L .
F T RY RER, SHAT =D A S L ' *

RU ReEE, MEgELT =7 b~FH e FU R HOMO +.'

1 2h O 1 BB BTN & i U, 84,

SHREBER D CV IR - Tk & R4kl :
ELTe (BT Tk Fezo 0 0R3IEN
TIE OB L O R0BR L IdgE s
Feinot), E7e. Cp Hk EENLT &5
BT =0 ba~FY b R NEE 2a, LT
SUAANTEE RY Rk da 0 1 BT MIGRTEA (+1/0) F B LIz, 24D OF — 4 & Table
2-241T5r LT,

RO SIAKIC & VAT RT3 d M ORI 5 = & C. HOMO 0% /L% —JIA(i 7S
EH L, LUMO O X —BAR TR 2 2 &R TFHRIESND (Figure 2 - 30), SEBREER T,
SERRSIAET DITE, 1 BTEGRTEN (+1/0) BR&E KB 7 b L, Zhid, B
RIS IHERT LRy < 220722 &y T/ kD HOMO 2 b BT 2 BNOT Aok L &
RLTWD, 4L, HOMO DE=RAE—L~ULR LR LTNEZ L2 EELTHY . Figure 2
30D T EEMNTIERTH D, Fho, B - SRR TITEITEBBE S L TW RV oloxt
LT, W% - AT, SBBOMLETBERAEET 52 L b b L, Shhb,
HULE R OB L G R-G B ORIMIC L V. SRAET 2135 8, SERBRLE TN CIEE
FNABS = & BB,

Higher Nuclearity

Figure 2 -30 £#{kiZff 5 HOMO, LUMO D41k,

47 Calvo-Pertz, V.; Vega C., A.; Cortes, P; Spodine, E. Inorg. Chim. Acta 2002, 333, 15.
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E2E W - BERUEFY FREOERB LUMHE

Table 2 - 24 Cp**, Cp REFAR Y & R U Fé¥ED | BFERLBRITEN (+1/0, vs Ag/Agh)

complexes Ep [mv]
(7-CsMeEt);Rug(u-H),g ~75
(77-CsMe4Ety;Rus(-H)a(15-H), =524
(17"-CsMesEt)qRug(4-H)o(ps-H), (2h) ~875
(17-CsHs)qRug(1-H)a(15-H)4 (22) —386
(17-CsHs)sRusH, (4a) —656

X HRAFOFE

WiENT =0 A FP b R MR 2 O R RENTOFT 7 ME & BN Eypy, CsBR
EDAFAIEEOEE ORITITHEERBIEZE S LT, Table2 - 251 F N HDTF—F &R L., Figure 2 -
31, Figure 2 - 32ICHABER 2R LTz, 7088, 5K 2¢ XGOS O IR SER & B o Teie®d, 75
TINBALTND, 2D, KRENFIC L DR OEFHIEHA TR THLZ PP LN TH
Do BER 21, 2g 1. & B 1T 2a, 2D, 2¢ THIL ST F HAXENM OEREILEE (Table2 - 250 1%) 28
BRI TR, Ny & En(1ME OMBRIL B, = -34.357Ny, — 2576.6 TERENB, Lo
T 2f Ny = 10), 28 (N = 15) DEA . TN ENTHREND Ep" 152920, -3092 [mV] Th- T,
T hI7e Fa7 I OEME (-3000mV) ZETZ EICR0, 2PN WRRTHD &
Exbivd,

Table 2 - 25 #8512 OYPEENL (Eip), B RNV FEMTFOLFES 7 ME
BEOCHEEDRAFLEDE Ny

'H NMR Eyp[mV]
complexes Ru-# (&ppm) Nyie 1 nd 3% 4
2a ~8.59 0 2577 2079 386 -
2b —8.69 4 -2712 —2204 -506 -
2e —8.75 5 —2750 ~2249 —548 ~193
2c —8.90 8 - —2181 - -
2f —8.94 10 - —2364 —-631 —238
2g —9.84 15 - —2356 —~841 =305
10 9.6 9.2 -8.8 8.4 - 0 4 8 12 16
-2000 -2000 T T T —_—
 -2100 2100 |
5 =
§ L -2200 § 2200 |-
w w
. -2300 2300 |
I -2400 2400 L

hydride [ppm] NMe [-]

Figure 2-312% £y, [mV] & & RV FEMFOLFEY T ME (ER) BEOAFAVEOH (GF) 0L

78



FoE mig- BMAYE R RFEAOARE L UEE

4 -200 200 |

1 -400 -400

E1/2 [mV]

- -600 500 |

E1/2 [mV]

-1 -800 .800 }

< 1000 000 L
hydride [ppm] NMe [-]

Figure 2 -323"“ E;, [mV] & & R U FENLFOLEY T ME (EX) BIXOAFAE0HK (HXK) oFHEB

E108 MmELTZILAFHE MY FEFEOETRE

AIEI T CV ORRICESE, WENT =T b~F e U FEFEOBETRIG 21TV, LA
DL B Lz, BURCIE, Cp* e KRl 7 & LTHT DML T =0 hnF Y N
REEK 2h W e, IRds, 7 =A UMSEEBERT 556 ERT OKRSITH L THMIT LU
THILERTFRENDOT, BRERKIGORERERLTNTT 0 —T Ry 7 ANTTo T,

DF LIk DA 2h DERETRE ~Z#IILT=IL M) ERY FEEEDER~

PER 20 DT FTE Fa 7 T BRI U CGRRIEDO Y F U L2 A TER TR LZE 25,
WK OB REED LEAICE LT, 68 RHRICREIOY FULEABTHI & TRELE
Db, WETCHREEZEET LI Licky, FHEZBALT =AM B RY FEEE
(17°-CsMeEt),Ruy(u-Li(THE)(w-H); (12) Z IR 91% Tz (eq. 2- 44), ZH XV, UF U ATk
BIRITTIIPUBESIR D i U, ZAZSERMNAERT 5 Z L& L L, $5K 12 XM E2 g7
= AT FT e RN RESA L "Buli & OIS HARERELTND (eq.2-45), ®

% ‘ THF
i |

I
Ru Li Ui
/ \Ru/ /H/\\I\
RGZ\/ - _Rl{\//Ru_ 2-44
Hs/;l%/\ THF, rt, 68 h H™ H (eq.2-44)
2h 91% 12

® W S5T, BRI, FRTEKRE 2005.
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F2F Wi - EMARY B FY FREADERBSLUKEE

THF
nBuLi
He L|
—R<<>|-,k/ —_—_— —Rl.(/ > (eq. 2- 45)
THF, rt W<

SEMAR 1213 'H, "CNMR A7 MUIZ L W AE L7, 'HNMR 2227 M Vizid, & R U REULF

WZHEAS L T FIVDE-16.76 12 3H 4y DFESIRE THIR S, Cp* B3 7 11360.92,
1.83, 223 IC@BE ST, Flo, TN 1 AFOT o Rur 7 uoR3gEh Ty, V5

LR LTWA b D EEZ bILD, CNMR A7 MU, 6763,76.7, 83,1103 7 F v
BB S, S5 12 IZNEROFHSEATH D . PLmr oy & Vi 8 OIEBIEABHNC T
BThD, FltEE 1213 A% /—ick o 7e biAbEn, AT =ULT o R REE
RE LT 5,

S ORRZELE THNMRIC X 0 BB 5 & 28 BRI P RIK A &2 X DN B8R OIEA
R0 %8 07 ICHERT B & & bICHIE 12 DA AR LTz, 41 I 20 03
TR L, TR A &ﬁ% 12 DY T FVRBE S, 116 B#%’ﬁﬁé&:&ié%ﬁ%ﬁs 12 (28
U, £726-14.7 ~-152 fHEICIRIR 72 7 VDB BIE Sz (eq. 2- 46),

THF
Li o
/. \\
—_—— A —— =Ry Usre
\\// (eq. 2- 46)

Y INF 2 — T ERTIIPEIRE E 2 S B85E A BRIEENER, va by REET
U F 7 2 E ARG TSR A OARITHER TE Rh o, ZTHICIE 2 SO RE X
bILD, H1ICY FULDORT-EN 6.941 L RO TRIZ LTINS Wed, YEEE
VERBORREETHD Z L, E2 Y v I AT 2T HROBABERBRTETH S i, E
MRS Td B ) F 7 AOBITRIEAHERT LIz < < ERIC K - TRIBFFA R E < Ba->TLE
YRCTHD, 2D, ARKRNIEBRMEEZ & 52 EREFICEH L, 22 TRRBTAIOEH
kAT,
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B2E M- ABRARJEFY FEAOESRBE X UHE

FRUDLF IR L FIZk B8 20 DETRIE
~TFd MR T=IL M) E R ISR LR~
pE{R 20 @ tetrahydrofuran-ds WIRKATARLL, NERERE L LT a2 BT, 2.5 (%F
VBOFT NI UAFT S L= REMAT, KISORRFELEZ B L, 10 %0 'H NMR 22
7 RZIE, $ER 20 DT 7 FVIEHEE L, §-20.5,229 IZHEA B & B X LN DEERE—2
DB SN, REAOEBICREN, T4 BT =05 b B R U R [(77-CsMeyEt),-
Ru,(~H);][Na] (13) DAERBBIE S L2 (eq. 2-47)

[C1oHgl[Na H. H
1oHgliNal 22NN +
—3» B — -RU Ru— Na
,Ru\ \H/
/ tetrahydrofuran-dg, rt
13
2h
(eq. 2-47)

PEA 131X TH NMR AR WS ERIE Lz, 'THNMR 222 hUicid, & KU REghi+

ZEASL VT TNV E-16.69 1T 3H BIE X du, Cp**RIc -3 < & 77 13650.93, 1.88, 1.89,2.27
SN, Cpriid AL T2 b N Na Bt b T4 E LTHET D 7 =4 vt b Y
b KU REEER [(7-CsMes),Ruy(u-H)][Na] i3, FIBIZ LY AT =0 AT R Tk KU Rk
NaH & DENHBERBH|E SN TEY, TR MLTF—ZE I ETVD (eq. 2-48),

‘& //\ )é‘ ‘gI_//\ x%\ (eq. 2- 48)
THF, 80 °C, 22.5 h

T B & 65K 13 DREWOWERICK LT, A ¥/ —VERNT S L 5K 20 & “LT =
AT NTe FU FEENAER L, $£0, iR 131X LT, A¥ ) — A RS ER &,
AT =ULT FTE RY REEERER LI, o TSR BICA S /) —VERIRSES &,
PEMA 20 BAERLLTWD EEZ L, T L VSR B IS Z R LTV D L PR,

Y IHALTF =T AT FTE R REHELIAMNG, 51681 IV 7 F Ak ETHEHEC, 5-7.52 12 P F %
THEDEFEM LT, AR TBAT = AT T FY FEAEACEMAD=8893( FI Fv s
TAOFEFELK) THole. :
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B2E @ - AMRY E FYU FBAOSHE L UHE

BEIK B OEIXETEHL TRV, KSR TH Y BIfEDO L Z AV T =4 NV T
Sy bLANFYE N REEREEBEX TS, 5B O R MR 6 LREL, §-20.5,229 Dt
BY RO 7 FAOBSLORTIEMEE B OB Y FRETFORMILE LT, ORISR 5
SEIRDE Loy R % Figure 2 - 3318 Lz, 2L 0, 85K 2h OB ICEUGIE. BUSHIHNIZ R
TP TEIATH B85 B BAER L., L LEOHEERE-SZ LB TEPIC, T=d M
R 13 R L TN T BN D, SRILZOT A VRO HEEE, EMRFEER S

HBEREP R E RFETH 5,

[m13
lAB !

Mol Ratio [%]
Mol Ratio [%]

40 50 0 1 2 -3 4
Time [h]

Figure 2-33 $ffK 2h L F MY DA F T ¥ L= FEDOKIGORIEN (£ 2R, & KIS ok R)
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BIE MBILTFZIANFHER) FEEETIVF L EDORIE

FBIF IRBNTZUALANFHERY REBEEETIVF 2V EORIG

B WHE

C TINFERRBY A —EORIBE. NI TORBERMANDILFERAE, BLORK-RFE=
BEGUWOETINELTEZ S OMERBINTELUFIIEHBERY RIS —ET ) F
CORBDHE & 2 BRIz, Casey 51, Cp* e TR &3 5=KaN)VhF ok
R REEE (57-CsMes)sCoy(u-H)s(us-H) (A) E7EF L2 EDORBNHS EAZBRBLF Y D
SR (G) DYMERRT B RUGHRS & FEICIRET L7z (Scheme3- 1), ' ZO#E, EAZEEBIF
U2 (G) OERIL, 2 B0 ORIMREERD ZENHLMNIIN/Z. 1D, TEFL >
D Co-H A ~NDFAEH S C-HEGOUIMHIC L 0 ZERFE TR B T 288k B) 234K
Licob, ZHEEBTFUD 2/ ERY REHE (F) NERTIEMTH D, B2 1 DORE
W TEFL N Co-H #BRITHATZ Z &Ik > T, ED)VME (C) MERL, I BicED
VDY Co-H #EFITHAT S ZEITE > TREZF U F 88K D) AR LEZDSE, TFUF
2 CoH FEBITHATD LI LD ZHEB/BLF Y DO MU B RY REMK (E) Z4ERT S
EVIHDTHD, ik E ZMNET 2 EBARRNESE, ZHEETFY DT/ b R R
¥ ZAERT D, ZERBELFI DT/ FU REME (F) [ INARETTHD | 4 T707E
FLERBL, EAZBRBIF DUHEK (G) ZERT 2.

CHe H
cpl, F\\i chlo 'LHZ> CP%':‘A?’Z'C@“\CW Cn?.c':‘%} /;%p P
H

o Co.
H’/D‘C"' 23 °C H_lﬁiw oo
M 47"CHy
A C D
CszlZS °C l
H
H 110°C
cpy, /\Q({/vo oCp* - Cpcé\écc\()p PRSI | \/VCO Cp*
\\,_CO( 23°C cdl BT \ %
\H// Cp* cp* 29 Cp*
Hj Hs
B . F E ’
CyH; l 80 °C
o
Cgtoé?é(:o“‘cl’*
NG5
e
CHs
G

Scheme3 -1 =/ M MU B R REMRICE A7 E2F L > OFEH(L

! (a) Casey, C. P; Hallenbeck, S. L.; Widenhoefer, R. A. J. Am. Chem. Soc. 1995, 117, 4607. (b) Casey, C. P.; Wid-
enhoefer, R. A; Hallenbeck S. L.; Hayaslu R. K.; Powell, D. R.; Smith, G W. Organometallics 1994, 13, 1521 (c)
Casey, C P; Wldenhoefel R.A; Hallenbeck S. L Or, ganametallzcs 1993, /2, 3788.
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EI3E OB TZUANFYERY RERETIVF 2 LEDORMG

MR SN TFZOLRCIERY RERETEFL D EORISERF L, 72FL 0%
KN FE LT ZEEZWEBMI U (Scheme 3 -2). 2 IR T2 2 TO7F L 24 Ru-H
Lﬁﬁﬁﬂb\yEiwﬁwﬁiﬁTéoZﬂ%ﬁﬁ?é&ﬁﬂ&(ﬂi%é@@%ﬁﬂ%\w
IFVTFT 2gn-(NTF VR ER LEDE, BETF VT RN TO CH #Evlc
T FV) D - TF RN ERT 5. S8 1 B TOTEFLONKIET 5 &Ik
DTy PN T F T U INmps-TF Y D RRPNERT D 2 &2 BB L.

: : :J: .. ... HoH
zcsz //_H7u\\\H \ Cptp /7;_“}:(%.

divinyl p-ethylidene-ug-n*-(l)ethyne
Hy >§IH GoHy —
e T WA e N
80 °C RN AN 80°C /Ru’ H
Cp* \/ Cp*
,u3-ethylidyne-,ug-r]z-(ll)ethyne ug-diruthenaallyl-yz-ethylidyne

Scheme 3 -2 ZBNTZULRIFZE RY RERETE2F L ORI

DX, ZHHAE L THERORBHOPHENICT T L A FEEMEL, £l
DAENZTEF LD TFIET AL — ETHA MR ORIEAKREMLTFNEERINT
WS ZEWNDDD, 2, @BEEN LB 2EHAEEOEEIOET N ELTEMRLRb D &
EZHNTND,

%@%ﬁf@ETW&LT7w¢/®%UE%K6&(ﬁ@w31)L£® AU NI SIS
BTN AITHYET S, 4 DORBIZLOIEEIINZTT IV B ZRGET 2720121, MRS
ETIVE Y E DI T BB D B, BHER BT B 7 L S U5 oA
R TH O, ZRBHOICZEDTIVFE D OWMBENRER OB EE X 2 LT, Wk &
TIWF 2 EDRINDRHNREETH S,

INETIZ X BEMNTICE > TEOMERH S M SN TE T IV F kR EMN
I lATER I Z Figure 3 - IR U7z, ° b —MRWR 0N a iR Uiz butterfly ITH 5., a D&

2 (a) AR RIS, OIS, BT 3K, 2001, (b) Takao, T.; Takemori, T.; Moriya, M.; Suzuki, H. Or-
ganometallics 2002, 21, 5190.
! Sappa, E.; Tiripicchio, A.; Braunstein, P. Chem. Rev. 1983, 83, 203 and references therein.

86



BB MBINTFZUANFFER) FEGETIVF 2V EORIG

JB-BAEG 1 DUIM I 1% &, square planar LA b 315 5%, E/z. ¢ Id square planar

WTHBI, TIVFRFEN 4 DORBIZHLofGLTWLRAN b L3RRS, ZOXDR

butterfly #15> square planar BUISHIIZ K 2 BHAHL ML o 2 RB OB, B ZHEKIIE

RSN PSS O KISTE R T $H 5. 55 | 3Tl A7 I 5 1 PUREH I O B AR A1 Iz

WTI tetrahedral ZUO SR E HFEREIE LT, KIGERIZBWISRB-&BES2UMT o &
WX TARNEERESELONENRFETHLEEZLEND,

W e T
!’," (:'l{ i “ R
] g R\c\ R R R
/‘f N ARy _c—¢
1 mod MEZY =M M—\—/M M=—|—M
4 VowiB N \ \I \
Vo ) M— M M
a b c

(g1 20+ 27 (pg-rPin?, 204 2m) (i, 4o)

[} Metal 4 Substrate

Figure 3 - 1 &JBERMICBI 57 IV F 2 OEMNTTIV (), WkEdEE Lo 7)) > O F)

Siiss-Fink 513, 1 U PO AENT U LD SR ZIBEEBMZHAE Ruy(CO)H ERET IV
F U EORIBEMRFF LTINS (Scheme3 -3), * HENBEOWNIBT I+ EDORIHITIE, €21
v RS w1 ATEAL U727 IV DB 5, S IS TN RONEBTINF 2 ERIGSES
L. SE-GBESNUIM I, g - B LIS T 5 A BISER MG 55,

R

/jzu(cm2 R
(CO),R \ CoR, HAS vRu(c0)3
Ru(CO); —————— (CO)R
\ /é u(cok 2€0 : <Ru(c0)z
"(co) ,,(,;0)Z amrf-(iNalkyne
2 czR\\ ci/
{CO)Ru u(CO),
| u 3H

nr(éO)2 \’(/‘\R s i rf-butterfly

Scheme 3 - 3 BE®BRESEAICE 2NEY )L F o OfEH:AL

4 Ferrand, V.; Siiss-Fink, G; Neels, A.; Stoeckli-Evans, H. J. Chem. Soc., Dalton Trans. 1998, 3825.
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INMEBRNDE DI, WESERITEEOERIZB T, fa B omMkR. ek
WaEEDIENTRING, RIBGEELTH 2 DOREN S, 3 DOEBENLRL=ZHN
MERSL., S SICERERRICED 4 DDOREMN 5755 butterfly B> square planar B E#E 215 Z
EBHARTH L. FERORB-SBMAICIDBONT SN 4 DO&ETLEL, £ AR
EURRICT 2EE B2, ZETBHEZMABICT O ENTEDS, INHHRAOERZHHT L Z
M, VSRR RIS ORI R TH D EEBZ 51D,

Fiz, INETUREY FAY —ETNF D EDQRIEFEIZAINRZIN T FTAT — 2B ELT
BRINTE . IIVRZIVT 5 A — BRI TIE—BAL RO BB L0 AL IR
192 NS BRI S NNz E MBS AR TH > TD, IV 5 AY —BiKERE
LIEEEIIAI—ETTNFEEHILL TODENINEDINIHEN TN EREZ N,
SRl 2a IXEIZIL 100 °C FHEE CTHLETH O, VIR —FREROIZEER, TIVF O
ML T E, CNIdRERT ETEBEIC T L IR EE N TS ETINIZARD S 5%
DETHRIND,

AETIL, WV T2 AAFHE B REME 2 &7 IVF D EDRIBERF Lz, 7T L >
EDRIETIZ, BRINTT £F L 2 ERMOAD, I EAZEREL T D S ENERT
HZEEREMMI Uz, WEBT IV F 2 EDRIE T, BEMIZEAZERIE Y )V U 2 kRN
BRU. TORIRBRIZENT, VR AREEOEHE L ORE-REZEEGOUNNRE T
N ZEZHLMI LTz,

F2fi BN T=UANFYERY F#EGELETEFL Y EDRIE

RN T=UANFHERY REBELTEF L ORI
~OEN T A=ZBREITF Y D #EEDOER~
ETROBEMETINF O THLIT7EFL 2 EHE 2a EORIBERT L7z, $ifk 2a O
benzene-de F i & BASIHA L7z D B, | SIED T F L > &HA L, HIRT | M55 S 872,
FOGZ 'H NMR TEIFL., SREBRT 2L EbITROKRT 2R L. BT FCIEIEE 3
L. PNV FAILIAR T ST 40 —Coli- BT 22 EI2RD, WLy A=
ﬁl?U??%%(fCﬁmmM&m%@&@ﬂ%)éﬂ%%%f%twq&nﬂbﬁﬁti
FNEE 1 DT L8420 &, TEFL 2 ERBRRETTRISL, W)LV T=D L =BG
1%07?%@(f@ﬁmmmmmﬂmmcama%)éW%%MT%t(mﬁdp
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S
/R i\ “’Q acetylene C‘RLA:/Ru—()

\
vl AN
Hs/ Ru benzene-dg, rt, 1h - ﬁu
Falss
2a 54% 14a
s|
Ru\ TRuU= -—,?U"'
/ \Ru’ acetylene \/‘
VR, \/ - Hs\Y
H/ “Ru benzene-dg, rt, 1 h Iﬁu (eq.3-2)
* Lo >
2b 79% 14b

Cp/CpH IR ERIE TH 284K 2f, 28 . $H4K 2a, 2b & 0 KISKEE < 2D RIS L, 1Y
BNV TF = AZERIBITF ) P 8 (7°-CsHs)a(17°-CsMes),Rug(1-H)s(15-CCH;) (14f) (eq. 3- 3),
(7°-CsHs)(77°-CsMes)sRug(1-H) s(15-CCHs) (14g) (eq. 3- 4) % ZITHUNHK 82%, 2% Tz, KInE

HUTEHERINZOE., FERSHEK2 SERM 14 A THD, HREEBR IR -7,

\N acetylene TRU==
4R - FEH o
6

benzene-dg, rt, 24 h
falss

2f 82% 14f

R"u\ '
S
R
%\ :\6/ “Ru ; benzene-dg, rt, 39 h Hs '/

2g 72% ‘ 149
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N T =0 AZEREITF Y OV 14 DRE

B 14 13 'H, "C NMR AXT N, JERSHTICE DN THIE Uiz, S5 14a 1384 20 & TF
Vo EDKISTHERT 2 ZEDPBIIHEINTEO., ° AR MV F—F &b EFHE Lz,
Table 3 - 1, Table 3 - 2ITMEZIV T 2 AZEHB LT VU 2 28k 14 O 'H, "CNMR AR b VF
—H &R U, WTNOMERS ZHEFIF U 22 mEN& 300 ~310 FHTICBIERI N, AF))
Hld o 45~55, 613.6 ~42FHEIZ, & RY R TiEen —15 ~-18 fHEICBISR S Nz,

PR 42l BT TR Z T U DT & Cp RO BRLEE S 3ENNFET 2729
Cp BIIHHME 3.1 DT FINELT, 54.67, 494 1IZBIR STz, 851K 14b TH MeCp Hiid
BOmEL 31 Q20T 7L E U TEREI N,

SEAR 145127 T L 2T, Cp,Cp* & CpCp*, @ 2 DO ZHRFE D 5 ELD A E 4L 5l REMEDY
HDP, 'HNMR ARZ MIVOF = L0, CpCp*, TIZWMOAEZNKIB Lz Z EBRN o7z, 'H
NMR A7 MNZENT, 2 DO Cp* B D < & 7 )Uid. 6 1.69 12 30H 4y DS 58
BEEEOL /I E UTHRES N, SE 14g 12137 EF L 4 Cpr, BASTROAEN, 'H
NMR AXRZ7 FNZHBWT, Cp*dk, Cp HicHD < T FIV1d61.80,4.86 12 -E 41 45H, SH 573
OEHYBEEZRHFDI T IIVELUTHEI N,

Table3 -1 $H#{K 14 O 'HNMR A7 M5 —4 (Jppm)

complexes RuA 15-CCH;  solvent, temperature ref.
(17°-CsHs)Ruy(1-H)s(1-CCH3) (14a) —15.61 3.77 benzene-d, 1t this work
(17-CsHaMe)sRug(1-H)s(15-CCH3) (14b) —15.57 3.90 benzene-dg, 1t
(775-C5H5)2(775—C5M65)2Ru4(,u-H)_.—,(;13-CCH3) (14f) -15.96 3.86 toluene-dj, rt
(r]5 -CSHS)(775-C5Mes)3Ru4(,u-H)5(,u3-CCH3) (14¢) -16.51 3.76 benzene-dg, 1t
(17°-CsMeqEt)Rug(1-H)s(15-CCH3) (14h) -17.78 4.14 benzene-ds, 1t 6

Table3 -2 $8{K 14 ® BCNMR A7 FJVF—% (Sppm)

complexes 13-CCH;  15-CCH3  solvent, temperature ref.
(17°-CsHs) Rug(1-H)s(15-CCH3) (14a) 53.7 308.1 benzene-ds, 1t this work
(1]5-C5H4M6)4Ru4(,u-H)5(;(3—CCH3) (14b) 533 306.5 benzene-dg, 1t
(17°-CsHs)o(17°-CsMes)aRug(1-H) s(16-CCH;) (146) 48.2 3079 toluene-ds, 1t
(177-CsHs)(17°-CsMes)sRuy(u-H) s(15-CCH;) (14g) 46.5 311.2 benzene-ds, 1t
(17°-CsMe4Et) Rug(1-H)s(1:-CCH;) (14h) 50.3 312.6 benzene-dg, tt 6

INETITMESIN-TAZEHHRBELF Y D VB ONMR ARY ML F—4 B L XSG
%ﬁmm SAZHBE T T Y D VRN T O C-C MIfEREZ Table 3 - 31T L. @il AL

SRR EEBL, AR, A L3EKEE, 2002,
S PHE K, B, R TR 1999,
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TITE 0T T METRA 2, WS & 220 ~430 OHFIC=EBEB LT 22 rENE
ZEN. & 42~ 56 DHPHIC AF HENERIN D, $E 14 O=HRYELF U 2 VAL TD> T
FIVE ZOWPEICEEN TN S,

Table 3 - 3 FRZHEBLTF Y DK NMR AT My T =¥ BLXOZERBLF ) D VBN FD C-C
]

'H NMR BC NMR X-ray

complexes
lLI3'CCH3 IU3-CCH3 ,LI3-CCH3 C-C (A) ref.

Trinuclear complexes

(17°-CsHgMe)sM03(CO)(115-CCH) 3.82 269.1 54.0 1.57(2) 7
3.79 53.8
Fey(CO)ol(13-H)3(15-CCH3) 4.30 45.7 1.468(14) 8
(17°-CsHs)Fes(COY6(1-CO)(115-CCH;) 333 52 9
[Fes(CO)1o(15-CCH3) J[PPhy] 4.18 289 443 10
Ru3(CO)o(15-H)»(143-CCH3) 1.511(20) 11
{(7°-CsMes)Ru} 3(#-CO)s(15-CCHs) 4.96 308.8 54.5 12
[(17°-CsMes);Rus(1-CO)3(15-CCH;) [ [BF,] 4.37 1.49(2) 13
(17°-CsMes)sRu(16-H)a{ 115-8) (1t:-CCH;) 3.11 309.5 42.2 1.371(8) 14
(17°-CsMes)sRuy(1-H)af p15-PPh)(115-CCH3) 3.14 296.6 - 435
(17°-CsMes)sRus(1-H)o(p13-ZnMe) (15-CCH;) 3.79 424.0 49.4 15
(17°-CsMes)sRus(1-H)o(113-ZnEt)(15-CCH;) 3.79 424.3 49.5
()]5-C5Me5)3Ru3(,u-H)2(,u3-Li)(;IQ-CCH3) 4.36 418.9 49.5
(I]S—CSMes)3Ru3(,u-H)3(,u3-772—HAlMe)(,u3-CCH3) 4.14 308.3 46.5 16
(17°-CsMes)sRus(-H)s (13- f*-HAIEt)(145-CCHy) 4.15 307.8 46.6 1.507(8)
O0s3(CO)o(1-H)(115-CCH3) 4.54 297.7 17
Os3(CO)s(1-H)3(215-CCH,) 4.43 1.48(3) 18
Co3(CO)o(15-CCH3) 1.53(3) 19
(7°-CsHs),Co3(CO)3(-CO)(p3-CCHs) 1.55(3) 20
(17°-CsH)3Cos(15-CCHa), 4.83 407.4 50.86 1.518(7) 21

7 Akita, M.; Noda, K.; Takahashi, Y.; Moro-oka, Y. Organometallics 1995, 14,5209,

8 (a) Wong, K. S.; Fehlner, T. P. J. Am. Chem. Soc. 1981, 103, 966. (b) Wong, K. S.; Haller, K. J.; Dutta, T. K.;
Chipman, D. M.; Fehlner, T. P. Inorg. Chem. 1982, 21,3197.

® (a) Brun, P.; Dawkins, G. M.; Green, M.; Mills, R. M.; Salaun, J.-Y.; Stone, F. G. A.; Woodward, P. J. Chem. Soc.,
Chem. Commun. 1981, 966. (b) Brun, P.; Dawkins, G. M.; Green, M.; Mills, R. M.; Salaun, J.-Y.; Stone, F. G. A;;
Woodward, P. J. Chem. Soc., Dalton Trans. 1983, 1357. Z OBE OGSO 7 N —TbHE L T 5.
Rybin, L. V.; Petrovskaya, E. A.; Struchkov, Y. T.; Batsanov, A. S.; Rybinskaya, M. 1. J. Organomet. Chem. 1982,
226, 63.

191 ourdichi, M.; Mathieu, R. Organometallics 1986, 5, 2067.

1" Sheldrick, G. M.; Yesinowski, I. P. J. Chem. Soc., Dalton Trans. 1975, 873.

2 Forrow, N. J.; Knox, S. A. R.; Morris, M. 1.; Orpen, A. G J. Chem. Soc., Chem. Commun. 1983, 234.

13 Connelly, N. G.; Forrow, N. J.; Knox, S. A. R.; Macpherson, K. A;; Orpen, A. G. J. Chem. Soc., Chem. Commun.
1985, 16.

MORMR AN, AR, HRCTEERE, 2002,

BOREE HA, PO, MR EAYE, 2003.

'S fRER S, BRI REUTHEAE, 2004,

'7 Went, M. J.; Sailor, M. I.; Bogdan, P. L.; Broch, C. P.; Shriver, D. F. J. Am. Chem. Soc. 1987, 107, 6023.

'8 Bauer, J. A. K.; Chung, J.-H.; Boyd, E. P.; Liu, J.; Strickland, D. S.; Kneuper, H.-J.; Shapley, J. R.; Shore, S. G.
Inorg. Chem. 1996, 35, 1405.

19 Sutton, P. W.; Dahl, L. F. J. Am. Chem. Soc. 1967, 89, 261.

2 McCallum, R. S.; Penfold, B. R. Acta Crystallogr., Sect. B 1978, 34, 1688. )

2! (a) Wadepohl, H.; Pritzkow, H. Polyhedron 1989, 8, 1939. (b) Wadepohl, H.; Pritzkow, H. J. Organomet. Chem.
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(17°-CsMes)3Cos(-H)(13-CO)(15-CCH3) 3.73 4.2 1.38(6) 22
(17°-CsMes)sCos(us-CCHa), L4717 23
(17"-CsMes)3Cos(u3-H)(113-CCHs) 1.448(9)

(17°-CsMes)3Cos(4-H)3(113-CCH3) 5.12 316.1 457 24
(17°-CsHs5)sNis(15-CCHs) 3.39 : 1.494(8) 25
(17°-CsMes),Coy(CO)3(u-COY(uy-CCHy) 14979 26
(17°-CsHs),CoMoNi(CO)s(15-CCH3) 3.70 27
(17°-CsHs)3Co,Mo(CO)a(1-CO)(15-CCH3) 4.69 3412 55.3 1.507(3) 28
(17°-C5H5)2CoMn(COY5( p-CO)a113-CCH3) 4.26 3444 529 1.508(4)

(17°-CsHs) (57°-CsMes),Rhy W(CO)(1-CO)(15-CCH;) 4.07 299.7 53.9 1.488(16) 29
(7°-C5H5),;M0,Co(CO)(113-CCH3) 1.53(7) 30
(77 -CsMes),Ru( 17°-CsMes)Rh(p-H) 5(113-CCH) 3.02 378.6 48.1 31
(17°-CsHs)Co,Mo(CO)s(145-CCH,) 3.73 1.498(7) 32

,,,,,

[Fes(CO)1a(1s-CCHa) | [N(PPhy), ] 4.18 1.58(1) 33
1.54(2)
Fey(CO)pa(p-1)(13-CCHy) 4.1 : 1.513(20) 34
(17-CsMe,Et),RusHs(16-CCH;) 4.14 3126 50.3 1.58(2) 6
(77-CsHs)aCou( z13-H) (113-CCH3) 4.96 1615 35
1.56(5)
1.67(5)
1.64(10)
(77°-CsHs),CosMo(CO)s(14-CO)a(115-CCH3) 3.50 ©1502) 30
(17-CsMes)Os;W(CO)o(1-0)(15-CCH,) 3.60 225.4 438 1.552) 36

51k 14 DBREEEZE "H NMR X X% ML 7

B4 14 13 TINIC E B KRBT 2 5 DA T 578 SHIRICHES 'H NMR Z<2 RV 1
O 7P E UTEHHIZHRIN D, i 14 1 320EN 5, 5 DOLF BRSOl /2
BERY REMETESEZBRNIENS, & RY REAFHOENDA NSENEE TS Z &N
HEMNTH D, SR 14b, 145, 14g OIRERZ 'HNMR A7 MV ERIE L.

1993, 450, 9.

2 Casey, C. P.; Widenhoefer, R. A.; Hallenbeck, S. L.; Hayashi, R. K. /norg. Chem. 1994, 33, 2639.

z Casey, C. P.; Widenhoefer, R. A.; Hallenbeck, S. L.; Hayashi, R. K.; Powell, D. R.; Smith, G. W. Organometallics
1994, 13,1521, Z OEAOREEMATIIMD ) — T b LTV 5. Pardy, R. B. A.; Smith, G. W.; Vickers,
M. E. J. Organomet. Chem. 1983, 252, 341.

2 Casey, C. P.; Hallenbeck, S. L.; Widenhoefer, R. A. J. Am. Chem. Soc. 1995, 117, 4607.

%5 Lehmkuhl, H.; Kruger, C.; Pasynkiewicz, S.; Poplawska, J. Organometallics 1988, 7, 2038.

26 Bailey, W. L, Jr.; Cotton, F. A.; Jamerson, I. D. J. Organomet. Chem. 1979, 173,317.

2 (a) Beurich, H.; Vahrenkamp, H. Angew. Chem. Int. Ed. 1981, 20, 98. (b) Beurich, H.; Blumhofer, R.; Vahrenk-
amp, H. Chem. Ber. 1982, 115, 2409,

% Jacobsen, E. N.; Bergman, R. G. J. Am. Chem. Soc. 1985, 107,2023.

® Jeffery, J. C.; Marsden, C.; Stone, F. G. A. J. Chem. Soc., Dalton Trans. 1985, 1315.

30 Blumbhofer, R.; Fischer, K.; Vahrenkamp, H. Chem. Ber. 1986, 119, 194.

R DR, B, FRTEKRE, 2001

32 Adams, H.; Guio, L. V. Y.; Morris, M. 1.; Spey, S. E. J. Chem. Soc., Dalton Trans. 2002, 2907.

. * Holt, E. M.; Whitmire, K. H.; Shriver, D. F. J. Am. Chem. Soc. 1982, 104, 5621.

34 Bogdan, P. L.; Whitmire, K. H.; Kolis, J. W.; Shriver, D. F.; Holt, E. M. J. Organomet. Chem. 1984, 272, 169.
% Stella, S.; Floriani, C.; Chiesi-Villa, A.; Guastini, C. New. Chem. 1988, 12, 621.

* Gong, J.-H.; Chen, C.-C.; Chi, Y.; Wang, S.-I..; Liao, F.-L. J. Chem. Soc., Dalton Trans. 1993, 1829.
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1) §H& 14b DRERIZ 'H NMR ZARS MV
Tetrahydrofuran-dg V&% & Fi VA 72 8548 14b OIREETTZ "H NMR & O # B % Table 3 - 4 & Figure 3
21T U7ze B RY REMLFIIBRRICE WAL U B BIC-100 °CIZHBWNWT, S MmE L 2:3
CD2FEO T T I E U THIER S 117z, Tetrahydrofuran-dy D BEE HAKI-109 °CTH D Z &M 5,

INLAEDOBIRIITE oz, TDY  Table3 -4 Spectral Data of 14b
(B R REEFOH)
LTH  “THNMR (400 MHz, THF-ds, —100 °C, d/ppm)

i

. R v o —15.87 (brs, wi, = 142.7 Hz, 3H, Ru-H)
@ 1 F ﬁ,g*ﬁ jq: /

59 B R RECHLT ORMGHLE & e -11.62  (brs, wip = 22.6 Hz, 2H, Ru-H)

7 )V, low temperature limit 12

THENTERNST,
AR e r—
193 K A aad s
299 K . M
213 K e A\
173 K—= P 173 K roune . ; ) X
-12 14 -16 (ppm) -10 -12 -14 -16 (ppm)

Figure 3 -2 §#{k 14b OIRIETZ '"HNMR A X2 ;)L (400 MHz, tetrahydrofuran-dg)

(% B R REE, A b RY REESIERX)

2) §8& 14f DIBETIZ 'H NMR XX 2 ML

Toluene-dy VK & N 72 8K 14f OIRETZ 'H NMR A7 MW, & KU REMFIZED
ST FIVEERITBNT SHA OB REE R DIRIA /RS 73V & UTHE S 17248, BRic
PENAEL, —80 °C THEDMEL 2:22:1 D 3FED T J ) & UTHERI N/ (& —11.83, -15.56,
—2447), T IV DECDORET ZFigure 3 - 31K LTz, 2K 0. 73 FNIC 3 FHD RGN LT,
S5O0t B RRSLFREET S ZENDMo k. B RY R FOMBIZDOWTIE, S5k 141
D ik i X SR IEIRAT & & BISHERT D,
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Temperature (K)

333 ! \
295 A -

- 273] N

263 | !

233 _— ,

213 _X\‘ ) A
203 ! : }P\
w1

1 1 i
-14 -18 -22 {ppm)

Figure 3 -3 $i{k 14f OIRET]Z 'H NMR A7 )b (400 MHz, toluene-ds)

3) §H4k 14g DBEETZE '"H NMR AR % bl

Tetrahydrofuran-ds ¥R % FA V7= 4K 14g OIREEWZE "THNMR I Tl BRICEN, 7L
PR L TWSERFRBREI NN, TP NVORHEETEES Dol T FINDELD
BT ZFigure 3 - 412, “EEWROZ{Z Table 3 - SIZ/R U7z, itk 14b &R, 2D 7 VI, low
temperature limit {ZELTH ST, £ R KB T O RUB MBI D W T BN T5 2 ST
ERZAVARoY

Temperature (K)
193 Table3 -5 #{A 14g DL R YU
213 7 REALT- O FHEIEDEL
BE [°C] wiz [Hz]
233 1AL 22 3.17
253 0 3.80
— =20 7.56
273 _A : -40 24.6
L -60 101.1
295 N -80 580.6
L '] _ 1 'l
12 14 16 -18 (ppm)

Figure 3 -4 $ik 14g DIREFIZL '"H NMR A7 k)L (400 MHz, tetrahydrofuran-ds)
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MV TZO AZEBREITF Y Dok 14 O3 FilE

SEK 14a, 141, 14g O TR BHE 5 X BEERATICK OIS Uz, SHMF 14a, 14g 13 &
WIVERE, SER 14113 D2 —30 °C THHET 52 Z S X OHTH L7z a2 T,
B X USSR 2170 7. E T Rigaku R-AXIS RAPID [# & % V. Rigaku PROC-
ESS-AUTO 707 5 MZXDF—F MU 7z, BHTITOWTIE SHELX-97 0T 5 L)Xy or—

D%y, Patterson {EIZL 0 INVTF I ARTOPEEEZRTE L. Fourier SEIZ &K 0 ¥R DIEKEIR

FOREREEIE Uiz, SHELXL-97 7075 LAEHWT, /N _RiHEZ2TTOREHILL, £2To

FAKBE T 2 IES TR Lz, $5F 14a O & B U FELAL T OMEIE. /51N 3 BT

T80, RETERMo, #iE14g O R REN TORREL, GERBETEELC—7NE
SRRMN oI, REL TN, MERMEEMERPENT —F ZTable 3-6ICF &0,

Table 3 - 6 $ii{K 14a, 14f, 14g Ol FHT — & LRPTESRM:

14a 14f 14g
[Crystal Data]
empirical formula CyHyRuy CyHygRuy CyHsgRuy
formula weight 696.72 836.98 907.11
TK 173(2) 153(2) 113(2)
crystal system Cubic Orthorhombic Monoclinic
space group Pa3 (No. 205) Pbca (No. 61) P2,/c (No. 14)
alA 15.9469(2) 17.428(3) 11.0535(15)
blA 17.9847(19) 19.454(3)
clA 19.532(2) 16.320(2)
aldeg
fldeg 91.517(6)
y/de;
VIA 4055.35(9) 6122.0(13) 3508.2(9)
Z 8 8 ‘ 4
Deed/g cnn™ 2.282 1.816 1.717
F(000) 2688 3328 1824
4 (Mo Ka)/mm™ 2.926 1.955 1.713

crystal size/mm
crystal form, color

[Intensity Measurements]
Diffractometer
Hrange/deg

limiting indices

260 yan/deg

reflections collected
reflections unique (Riy()
absorption correction
max and min transmissn

[Refinement]

Ry, wRy (1> 2.00()))

Ry, wR; (all data)
Data/restrains/parameters
GOF on F*

Aple A7

0.150 x 0.150 x 0.150
prism, black

R-AXIS RAPID
2.21-27.45
1<h<20
0<k=<14
0<1<14

55

1731

1731 (0.0381)
Numerical
0.7687, 0.6452

0.0378, 0.0813
0.0433, 0.0834
1549/0/98
1.199

0.796, —1.064

0.280 x (.280 x 0.210
block, black

R-AXIS RAPID
3.08-30.03
0<h=24
0<k=<25
0=<1<27

60

75139

9749 (0.0182)
Empirical
1.0000, 0.7702

0.0176, 0.0420
0.0194, 0.0426
8925/0/357
1.079

1.219, -0.666

0.500 x 0.400 % 0.160
platelet, black

R-AXIS RAPID
3.04-29.98
0<h<15
0<k=27
—22<1<22

60

42429

10447 (0.1426)
Empirical
1.0000, 0.1408

0.0717, 0.1821
0.0749, 0.1861
10117/0/440
1.015

3.460, -2.809
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1) §8& 14a DHFIEE
SEAE 14a D5y THEE ZFigure 3 - 517, ERHAE. A M%ETable3 - 7I2R L7z,

Figure3 -5 K 14a D5 &

Table 3 - 7 $H{K 14a O E/rk5 S IEEE. #5506

Bond Lengths (A)

Ru(1)-Ru(1A) ‘ 2.7709(7) Ru(1)-Ru(2) . 2.8315(6)

Ru(1)-C(1) 2.001(5) C(D)-C(2) 1.507(11)

Bond leles ©)

Ru(1A)-Ru(1)-Ru(1B) 60.0 Ru(1)-C(1)-Ru(1A) 87.7(3) C(2)-C(1)-Ru(l) 126.90(18)
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2) gk 14f DO FHEE

SR 14f O 5317151 % Figure 3 - 612,

EEVAN

op
wu

=

SO A % Figure 3 - 101 R L7,

Table 3 - 8 $H4 14f O X /niE S BEHE.

Figure 3 - 6 $&4 14f D5 T

i 3 44

Bond Lengths A

Ru(1)-Ru(2) 2.7548(3) Ru(1)-Ru(3) 2.7813(3) Ru(1)-Ru(4) 2.8372(4)
Ru(2)-Ru(3) 2.7753(3) Ru(2)-Ru(4) 2.8293(3) Ru(3)-Ru(4) 2.7419(3)
Ru(1)-C(1) 2.0433(15) © Ru(2)-C(1) 2.0467(15)  Ru(3)-C(1) 1.9618(15)
C(D)-C(2) 1.502(2)

Bond Angles ©)

Ru(1)-Ru(2)-Ru(3) 60.387(7) Ru(1)-Ru(2)-Ru(4)  61.056(9) Ru(1)-Ru(3)-Ru(2) 59.441(6)
Ru(1)-Ru(3)-Ru(4) 61.816(8) Ru(1)-Ru(4)-Ru(2)  58.175(5) Ru(1)-Ru(4)-Ru(3) 59.774(4)
Ru(2)-Ru(1)-Ru(3) 60.171(6) Ru(2)-Ru(1)-Ru(4)  60.769(7) Ru(2)-Ru(3)-Ru(4) 61.701(7)
Ru(2)-Ru(4)-Ru(3) 59.730(4) Ru(3)-Ru(1)-Ru(4)  58.409(9) Ru(3)-Ru(2)-Ru(4) 58.569(7)
Ru(1)-C(1)-Ru(2) 84.68(5) Ru(1)-C(1)-Ru(3) 87.94(6) Ru(2)-C(1)-Ru(3) 87.61(6)
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3) 8k 149 DL FHEE
$ER 14g Dy THEE A Figure 3 - 712, EAHAE. BOMA%ETable 3 - IR L.

Figure 3 - 7 §R{K 14g DT HEi&

Table 3 - 9 SH{K 14g D E/aAE S EHAE, 5 S A

Bond Lengths (A)

Ru(1)-Ru(2) 2.8082(5) Ru(1)-Ru(3) 2.8215(6) Ru(1)-Ru(4) 2.7895(6)
Ru(2)-Ru(3) 2.7761(5) Ru(2)-Ru(4) 2.8606(5) Ru(3)-Ru(4) 2.8293(6)
Ru(1)-C(1) 1.968(4) Ru(2)-C(1) 2.036(5) Ru(3)-C(1) 2.048(4)
C(1)-C(2) 1.498(6)

Bond Angles ()

Ru(1)-Ru(2)-Ru(3)  60.694(14)  Ru(1)-Ru(2)-Ru(d)  58.945(14) Ru(1)-Ru@3)-Ru(2)  60.217(12)
Ru(1)-Ru(3)-Ru(4)  59.159(15)  Ru(l)-Ru@d)-Ru(?)  59.591(13) Ru(l)-Ru(d)-Ru@)  60.281(12)
Ru@)-Ru(D)-Ru(3)  59.089(13)  Ru(2)-Ru(1)-Ru(4)  61.464(13) Ru(2)-Ru(®)-Ru@)  61.363(12)
Ru(2)-Ru(d)-Ru(3)  58.401(13)  Ru()-Ru(l)-Ru(4)  60.560(13) Ru(3)-Ru(2)-Ru(4)  60.236(14)
Ru(1)-C(1)-Ru(2) 89.06(17)  Ru(1)-C(1)-Ru(3)  89.25(16)  Ru(2)-C(1)-Ru(3) 85.64(17)

SR 14 W ER0OPTHE IS U, SERBIF Y D VENTER T OMETH D EBDN 0Tz,
B 14813 Cp*,Cp TIC. $HK 14g 1 Cp*, IC Z BB T F U O VB F T 5. “HERKE
TFY DA T DEE U= OSBRI TNOHER THIRIER U TH 5. =K
MDONTZ T LEKRDDIVT = AOwRBHEERNL, 1 DX DENZENS o7z, T2
-G R BRI Ru-C o 5O HTS T B BT B > /2., C1-C2 IBEAEL 1.507(11) A (14a),
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1.502(2) A (140), 1.498 (6) A (14g) TH V. WH D C-C BfERIT L 0 OREWIEHETH 575, Table
3-3KDINKTIKWMESNAZBRELT Y DV MAROTF U D 2R TIZHT 2 C-C Rl
AL 137~ 164 ADMEINTNWEZENEEZDE, TF YU DM TE U TIEET Ok
TBDHTEND. B 1 OBTINIC 5 DFET B BY FRAEE. TofEemEts
5T EMNTE, 1 DH Rul-Ru2 fil, 2 D7%% Ru3-Rud [#, 2 DV Rul-Rud [, Ru2-Ru4 (122848
FLALLTWD &M oz, ZHUd, IRERZE TH NMR A7 MV TR RY REALTFL%E5
BEL 221 D3O FNELUTHRRINZZEE KT 2, ZOKELD, WKL FTZD
LEEB{ETTFY DM@, TARTHAE 14f SFEk e R REMTOREBREZZLTNS
HDEZEZTND,

SR 2a IZHERIOD (7-CsMeyEt)Rug(u-H)o(us-H)y Qh) E7 F L2 EDRIBICE D, MEILT
ZUAZERBIF U D VA (-CsMesEt)Ruy(1-H)s(1s-CCH,) (14h) WA 4. X kR
HHZ L D ED R TREENHSMIINTWNS (Figure 3 - 8). $H{K 14h O T 72k & FHEfE % Table 3 -
108257 U7z S A 14h O 2B RIREHELT S50 14a, 14, 14g (T HERTH LR L TRIR I N TV 2,

Table 3 - 10 $k 14h O E/afk5ARERE (A)

Ru; 3 Ru-Ru fEHRE (av.) 2.8542
Ru; Y H Ru-Ru3 FEHERE (av.) 2.8802
Ru; 3 Ru-C1 FEERE (av.) 2.046

C1-C2 Rk 1.58(2)

Figure 3 - 8 $#{K 14h D5 FHhiE

RISHIBICDIT
HKRIERR R SONBRE 2 50T 2 L TCHRRFETH S, Z 2Tl BARELLTY BT
L z2HWTRINEITWY, ERYTHOEKESTHEZFN. ZHUTHE DWW TGRS 2 Hiw Uiz,

SEiE 2a LEKRILTEF LV EORE

, $HA 2a @ benzene-ds IR Z AR Ue b & 1 [UEDEAKFT £ F L > (EAKFELE min
99%) &ALz, BT LS WRMKEL/ZDOEIZ HNMR ZX7 MVEJIEL, ERAIC=E

BUETF U D 2 HHE 1a-d, BER L TnD ZE BB L. "HNMR A7 MILOFES LD,

IF U D URATOLMLOKET LIH HWNEKBICERINTHEO., ERY REMTOS S
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0.80H 2N HEHKRIZEM I N TV (eq. 3- 5).

H1.34D1.16

(rgiond)

acethylene '
R“\/\7 > H4-20D£
benzene-dg, rt, 1.5 h

(eq. 3-5)

2a 14,

FREROMRICE DN TRICHMZE X7 (Scheme 3 - 4), Path 1 137 £F b 2L L7z
DB, CDEAOUKHICED 7 EF Y REHE [A] AR L. 3I5HE RuH BEAOMAMR
0, ZEEEIF D UMENERT 5, Path 2 13EML LZT 2F L 2O Ru-HEEE DA

WZHEE . CDREBUMIC LD -EZ U F U8R [B] 4R L7205, Re-HEGANDOEZY 572
B FORAIZEL 0 ZHBFLTF ) D RN ERT %, Path3 13 Casey SN =8I NV 57 b
FSERY RRETEF L EORISTIREL TNA - TF U F U8 [C] ZRmT 2T
%éohmléﬁTI?Uyyﬁﬁﬁimﬁé%@‘i*%@ﬂhi@@ﬁmmmmmw
(15-CCHy pDigg) &7 % EWMTHEINS., —F. Path 2 285 W, FoMid
(17°-CsHs)4RugH, 17Dg g3(15-CCH, g3D117) T3 O, Path 3 Tl WMHMBMEHWAE&Q)&@

o FEBRAGIRIL, Path 2 THOBET L2 ERE LGOI T 2 M EE BY FERALT

BV B EARBEN M S IRERPAN TR UTHE D, W> TARIBIL Path 2 lR Uiz s-EZD 7
K [B] EROIREEBOEITTOLOEEZLND. LML, TNEND Path 1B D&%
%%%%wﬁmmﬁﬁwﬁmmé< ORI THEITT 2R Z PR T 5 Z ST TERN,
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Path1

— —_—
Hs.14D¢-g6 Hs.28D¢.72
H1.53D1.17
_—».
Hy.47D0.83
2a . [B]
Path3
HDQ b H,D,
N —
Hg / /
Ha : H4D4
2a [C]
@ : CpRu

Scheme 3 - 4 $H{K 2a ZHEHARILTEF L > & DORIGICBIT AEAKESH
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B3 MBI TZUAANFRHERY RERETEFL 2 EOMERIE

552 HiTHHA 20,20, 2f,2¢ LT EFL O EORBERF Uz, TOHE, 1 2 TOT7EFL >
PRISHHZEOAEN, ZHEMET T YU D 8K 14 VERT 2 2 L 25T Uiz, ih 2a, 2b
WEHE ARG Z 7 U Pl 2 4 DA T2 206 HEOTEF L V24 TRICRD AT Z
EMAIRETH D E TN,

ARETIL, MBRETICBT 2 ZHEEEITF U DA 1da, 14b &7 £F L 2 EORIGER
A l7z. ZTORE, $HE 142, 14b IIE SITHD 1 HTFOTEF L2 EZWOAD I EAERTH

0. MBI TZD LNEAZEEEIT U D 28K 152, 15b WERT 2 Z L 2H5 MUz,

AN T =D AERAZBREIF Y O EEOER

FHIK 14a,14b Z 1 SJIEOT 2T L O FHK T, 80°C TIMELT 5 &, 54 14a,14b ¥ H S 1 43
TOT7EFU 2 EROAR, IENFZILAEAZERBELF YU PV (5-CsHiR)Ru,-
(15-H)(15-CCH3), (152 : R=H, 15b : R=Me) NER L7z (eq. 3- 6).

N ¢ Hy CH;
é :k}_ -? acetylene . K’i/j?'/
5 .\'G “R R benzene-dg, 80 °C %R ';_R" (eq. 3- 6)

/
WONI7 7R
i 1,5 Q
R~ ~7 &
14a (R = H) 15a (R = H)
14b (R = Me) 15b (R = Me)

B 150, 15b IZHHEDS D Z EAMEETH B, $HIK 2a, 2b (D benzene-ds TR & WSS, 1 KUT
DT BEFLZEA, 80°CTMALELDL, TINVIFHS LU NI ST 4 —THRELZ,
SRR 15a V3INER 70% T (eq. 3- 7). 8K 15b 1ZINR 63% THRT 2 LN TEL (eq.3-8). &5
2R 152 2 72 F L O FHK T 120 °C TIMEL L 720012 7 2 F L 2 IR0 A N 58T
BERINT, FHREICHED, SRIT0-> <D ERMRL TV,
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o
5 H l _cH
/ acetylene 3 3
§\7 . > RRR/- WA
y benzene-dg, 80 °C, 160 h % w'ﬁu/ u<\7 (eq. 3-7)
: 2
<
2a 70% 15a
@/ o—

|
Ru
/ \\ pe acetylene Hs 7\ CHs
/Rl‘g 7 o > R(b" 3 u
W R benzene-dg, 80 °C, 73 h X IR §\7 (eq. 3- 8)
ﬁ i w4

2b 63% 15b

=

BN T =D AERAZBREBIF ) O 644k 15 ORE

B4k 15, 15b 13, 'THNMR L BCNMR 27 M), TR E O FE Uiz, Table3 - 11,
Table 3 - 12IZVEIV T =D A EAZEHFE L F ) ¥ 28K 15a, 15b @ 'H NMR, “C NMR A2
MVTF—% &R/ U, AEE THTHE 20 -T2 2N T2FL O EQRIBNES EX - HLE
RV DU 21d), 1-ROF 2 EQKIGMN S EAZBLRBERF VU DK Q1) DR
T2 EEBRND, 'HNMR BLUBC NMR A7 NLOEBHEN 5. §54F 15a 14 21d, 21f &
FU<MEA#EEZE T 272U AEAZEBRE LT U D VR Sk Uik, 7238, A
214, 21f OB X ARSI IC K D RE L7z,

BEIK 152 13 TIZ 2 DO %A L THE O ' HNMR A7 MUZIE Cp 0TS 3 I 2:2
D2FED T T I E L TF4.54, 494 IClim I Nz, 7z, b BYU FEALHICED S & T )R
S-1442 IZ 2H R DR WEEFF D U )& UTHESI N, TF YD VEMNTIIE I T
WVIRE3.56 12 6H ORI B DY /)L & L TBIEE S 1z, PCNMR 282 BLcid, =
HAERICHDT < T HIVIR6309.8 IR I N, Cp RRicED< v/ HVid 2 fdD > 7))
ELTS782, 84912, IBIZAFIVEITEED LS VT H)IVEs 52.5 iR S 17z, B854k 15a 13 60
BTHATHO. EANANIRAL. 6 DD Ru-RuFSNELET D2 &I/ %. Fiz, 2 DO R
D RECALFIEHA 21d, 21f O XSS OME, TIVFU 2 2R L THRNED

DERTHC, SERERAL TN & 2WBM Uiz, ZNE 0. Bk 152 bITE/RL K1
R TFORIBER £ LT EBA BND.

$HER 15b 1 X 'THNMR 27 RWZBWT, & RY REM 2D 7 F)Mids-14.62 12 2H
NOEDMEER DIV E L'Cﬁﬁméh IFU DU TIZED L 7 )Vds83.7012 6H

103



BIE OBATFZUANFYERY FEFEETIVF 2 EORE

DORBYREZE DI/ INE UTEHEIN, CNMR A7 MVIZiE, §308.9 IC=FEZ45
RBIZH DS T FINRBRIN, AFINEZED T FNIES52.0 BRI N7,

Table3 - 11 $#{K 15 ® 'HNMR A7 MVF—4 (dppm)

complexes RuH 1-CCH; solvent, temperature
(I]S-C5H5)4RU4(,L£3-H)2(,L13-CCH3)2 (15a) -14.42 3.56 benzene-dg, rt
(17°-CsHMe)sRuy(z15-H)»(155-CCH3), (15b) —-14.62 3.70 benzene-dg, 1t

Table 3 - 12 $64K 15 O BCNMR A7 bV F—4 (Sppm)

complexes 15-CCHy;  15-CCH, solvent, temperature
(17°-CsHs)aRug(165-H)o(15-CCH3), (15a) 52.5 309.8 benzene-dg, tt
(17°-CsHMe)Rugy(16-H)y(13-CCHs), (15b) 52.0 308.9 benzene-dg, 1t
ERBIBICONT

SR 2a 20 B EEHA 15a DAERRICER L TIE, KERFEEL TNDZE%E 'THNMR AT NV THE
WUz, Lido T, B8k 15a ERRT B HEIL. e CRIKBKIBEHE > TNDE EEZ HND
(Scheme 3 - 5). | 7

/f\ "
acetylene G Rl u__Q acetylene Hsc\K/ N CHj
/
R

\ 9 1
Ru\/; to H5 80 °C %H?‘qu’ u<\7
> y g
2a 14a 15a

Scheme 3 -5 #4514 2a » SEEK 15a & 52 2 ROSREEE
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FAH BRIV TZUAANFHERY R L 1-RF 2 EDRIG
02, 30T, Bk 2a LT EF L EORISERM L. BISIICT L FL Y 525 —H
WO RAENTHS ZEEHENI L, RETTIE, K7 INFEUT, #ifh2a & 1-RF
EDRIBEME Uiz, TORER, RO 2 MTRBICEE UL T2 ARG 2 F
U5 8RR 16 VERRT 2 Z & &AM Uk,

§EE 2a &L 1-RYFUORIE ~ERIVT =0 LGRE 2R F U T 68k 16c DER~

BiR 2a OF RS ROT T RIRIC I-ROFUEMAZ, BIRT 19 BRBRLAEZEZS, &
WO AIERAD SRR Uk, IR EZWE T TEEL, YV S hoaoux N i57
A =T - BT LR, ML FZILERKE 22X 2F V) F U8 (7°-CsHs)4Ruy-
(1-H)2(13-H)2(-C(CH3)C3Hy) (16¢) % HAEEINER 85% THH7= (eq. 3- 9)

< >
1-pentyne : Ru\ }
E\) \ R u7\7 - 67%\‘;2”% (eq. 3- 9)
Hg 0 - THF,rt,19h Ha ‘0
2a 85% 16¢c

84k 16c DRAIE

6 16¢ 14 'H NMR, PCNMR A2 MU, 2 RICHB NMR 227 k)b, TEAPICE O FE
U7ze 'H NMR ARZ MV Cp FCHED K 7 )Vas, B MEL 2:1:1 0 3 fifao s 7
WELUTHEIN/Z B BY FEMNFIZED S 7 FINMEERIZBWTIX 2 fBlEO 70— Rz
I & LT 4H DB I NZD, toluene-dy & I WZIRETZ 'H NMR 27 MVllE T,
FIRICEBRWARL, —40 °C THEAME I 2:1:1 O 3D > V) E U TBEI Nz, £
FRTDERAL, 100°C T 1 FEO SV FIVITRE T 28T I N/ (Figure3-9). 7))
FINBITH DT F VI, §1.21,1.74,2.97 17 3:22 OIS MBI TR S Nz BERRICHE
L7 AFIVEE63.08 IC3H X Oy mE LD —H S L THEIN .

BCNMR AT NJNZIE, BREERBICHEDT L T TIN5 1938 IZBR I Nz, 7IVFIEHIC
HOL TV @GNS 515.8,29.7, 55.0, 64.8 IZBIR I Nz, TIVFIHEO T TF)V
Dl IBIE. 2 KICHBI NMR A7 MWZ KD RE L7 (Figure 3 - 10), COSY AR MVIZiE
Su 121 - 8 1.74, 6 1.74 - 64 2.97 D 7 )VENCHBNEE S /-, HMQC AR MUZiE&
15.8 - &1 1.21, & 29.7 - 81 1.74, & 55.0 - 81 3.08, & 64.8 -84 2.97 D 7 ) RN H BN S 17z,
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Temperature (K) /\‘\
K T b |
N

333 [Re— e " OV Vet e L NS T

3 5 3 YA i p s Y

343 | - renamsonbbpnntbosecssssas | o | s
293 e o e P .Nww
273~wm/\-» ety UL_ "
2583 sersmami || S T N Aﬂt
ST N Sy W

14.0 150 (ppm)

Figure 3 - 9 $#/K 16 OIREEWZE '"H NMR 27 k)b (400 MHz, toluene-ds)

—53.08 11
87 §174 4
o 564.3 8550 §29.7 8158
9.5 . 3 ]
1.0 p 1.0
5121 —) 5121
1.4
1.8 ° s 1.8
174
8174 : F
2.0
e 2.2
.4
Z.i? 2.0
B 2.8
8297

8297 ® g L §3.08 : 51 LIL
8308 — ) 3.2
3.4
.6

8.5 7 .

7 §5 L1 55 sU 45 47 % an 2% 2 15
) P 275 2.0 L5 10 s

Figure 3 - 10 #54K 16c O 2 RICHBI NMR AR~ MV (&£ : COSY. 4 : HMQC)
BIET U T 8D NMR ZART RV =21, ZEEETIIZEEREHNH 0, =B85

ETHEFNNSINTN S, Table3 - BBICINFTHME I N/ TRSEEE T XU F A0
NMR AR M F—& &R Uz,
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Table3 - 13 FAZHRETILF ) T KD NMR ARY MV 7—4

"H NMR BC NMR
(d/ppm) (dppm)
complexes 1-CMe w-CMe u-C ref.
(1]5-C5H5)2FeZ(CO)z(ﬂ-CO)(,u-CHMe) (cis isomer) 3.22 433 172.9 37
(17°-CsHs),Ru(CO)2(1-COY(u-CHMe)]  (cis isomer) 3.04 43.2 142.9
' (175-C5H5)zRuz(CO)l(,u-CO)(y-MQ)] (cis isomer) 2.78,3.16 54.3, 56.1 175.7
(775-C5H5)2Ru2(CO)2(/1-CO)(,u—MeEt) (cis isomer) 2.97 51.3 184.7
(17°-CsHs),Fey(CO)o(4-COY1-CHCH,CO,Et) 163.4 38
(17°-CsHs),Fey(CO)(4-CO)1-CHCH(CH;) CO,Et) 173.4
(17°-CsHs),Ruy(CO)p(u-CMeH) (1-CMe,) 2.72,2.80 44.2,554,555 1353, 166.8 39
(17°-CsHs)Ru,(CO)o4-CO)Y (u-CMey) ‘ 2.72 44.6 175.8 40
(17°-CsHi),Ruy(COY(PMe,Ph)(1-COY(u-CMey) 3.02 55.9 167.5
{(17°-CsMes),Ruy(CO)»(u-CO)(-CHMe) 2.94 169.7 41
(17°-CsHs),Ruy(CO)(1-CO) { 1-C(Me) CHCH, } 2.68 171.9
(17°-CsHs),Rup(CO)y(1-CHMe) (1-CMe,) 272,280 442,554,555 166.8 42
(17°-CsHs),Ruy(COYo(1-CHy) (1-CMeH) 2.76 41.8 105.5,138.5
Ru,(CO),(u-CHMe) (17’ 17’ -CsH4CH,CsHy) 2.65 40.9 1334 43
(17°-CsMes),Rhy(1-CHMe)(-CH,)Cl, _ 3.00 34,7 186.1,207.3 44
(17°-CsMes),Rhy(1-CHMe) (u-CH,)Br, 2.96 182.4 45
(17°-CsMes)sRuy(1-H),(1-CHCH;) (13- 77°-HCCH) 2.94 414 128.2 2
(17°-CsMes)sRus(1-H)3 (1-CHCHC; Hy) 179.5 46

ZHiCk B & THNMR ART MUVZB W TRBHRF IR Lz AT INEITIED < & FHInd
PPLTSIFHEICHEREN, £ "CNMR ARY M VICIIs40 ~ 55 I BB SN 5. BEHRFEIC
HTL LTI T, BC NMR ARY M JUZBNTSI60 ~ 180 IBERE NS, ik 16c THES
N 7 MEE. ZNHSOEEELS —HLTHO, itk 16c OMEZXRT 50D TH %,

84k 16c DIEE

NMVI VR E-30 °C THIET 2 Z ik DT U2 RESRK @& A WT, Bk & X s
T 21T 5 720 AT Rigaku R-AXIS RAPID [ml{i45iE % 1), Rigaku PROCESS-AUTO 711
TIMIE0T—F UMz, BHIZDWTIE SHELX-97 07 5 ANy —T &N,
Patterson JAIZ K O IV T 20 AJRFOPEREZE U, Fourier & RRIT K U 5% 2 IEKRIFT O JrtR 2

7 Dyke, A. F.; Knox, S. A, R.; Morris, M. 1.; Naish, P. J. J. Chem. Soc., Dalton Trans. 1983, 1417.

% Casey, C. P.; Austin, E. A.; Rheingold, A. L. Organometallics 1987, 6, 2157.

¥ (a) Cooke, M. ; Daivies, D. L.; Guerchais, J. E.; Konx, S. A. R. Mead, K. A.; Roue, J.; Woodward, P. J. Chem. Soc.,
Chem. Commun. 1981, 862. (b) Colborn, R. E.; Davies, D. L.; Dyke, A. F.; Knox, S. A. R.; Mead, K. A.; Orpen, A.
G.; Guerchais, J. E.; Roue, J. J. Chem. Soc., Dalton Trans. 1989, 1799.

0 Colborn, R. E.; Dyke, A. F.; Knox, S. A. R.; Mead, K. A.; Woodward, P. J. Chem. Soc., Dalton Trans. 1983, 2099.
o Forrow, N. J.; Knox, S. A. R. J. Chem. Soc., Chem. Commun. 1984, 679.

2 Colborn, R. E.; Davies, D. L.; Dyke, A. F.; Knox, S. A. R.; Mead, K. A.; Orpen, A. G; Guerchais, J. E.; Roue, J. J.
Chem.Soc., Dalton Trans. 1989, 1799,

¥ Knox, S.A. R;; Macpherson, K. A.; Orpen, A. G; Rendle, M. C. J. Chem. Soc., Dalton Trans. 1989, 1807.

*“ Martinez, J.; Gill, 1. B.; Adams, H.; Bajley, N. A.; Saez, 1. M.; Maitlis, P. M. Can. J. Chem. 1989, 67, 1698.

45 Martinez, J.; Gill, J. B.; Adams, H.; Bajley, N. A.; Saez, 1. M.; Maitlis, P. M. J. Organomet. Chem. 1990, 394, 583,
S ER BT, AR FEUTEKRE, 2000,
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EBIE ERIATZUANFYE R REBERETIVF Y ORI

Pt Ufze SHELXL-97 707 I AEHWT, RAAZRHAEZITVERLL., £ TOHEKERT
IR EEE Urz. 8K 16 D7) 7HE3E ZFigure 3 - 1112, #52PMT —4 B X OWIE S A
ZTable 3 - 1412, ERHEOE. HEAETable3 - 151K L7z,

Table 3 - 14 $ii{E 16¢ DA FHIT — & L HIERMA:

[Crystal Data]
empirical formula
formula weight
7K

crystal system
space group

alA

b/A

c/A

oldeg

pldeg

yldeg

N

Z

Degiealg cm™?
F(000)

1 (Mo K a)/mm’’
crystal size/mm
crystal form, color

CysH34Ruy
738.80

173(2)
Monoclinic
P2,/a (No. 14)
16.20920(10)
9.5461(3)
16.8329(3)

114.8200(19)

2364.04(9)
4
. 2.076
1440
2.516
0.250 % 0.200 »x0.020
platelet, black

[Intensity Measurements]
Diffractometer
Hrange/deg

limiting indices

20 nax/deg

reflections collected
reflections unique (R;,)
absorption correction
max and min transmissn

{Refinement]

Ry, wRy (1> 2.00(0))

Ry, wR, (all data)
Data/restrains/parameters
GOF on F*

Aple A

R-AXIS RAPID
1.38-29.99
—22<h=<22
-13<k<13
—23<1<23

60

27280

7246 (0.0350)
Empirical

1.1627 and 0.7927

0.0607, 0.1546
0.0633, 0.1557
6846/0/265
1.372
1.510,-1.370

Figure 3 - 11 #8{K 16c D4y THhE
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Table 3 - 15 $51K 16c DX/ HEGE. HEA
Bond Lengths A)

Ru(1)-Ru(2) ©2.4939(6)  Ru(1)-Ru(3) 2.8306(6)  Ru(1)-Ru(4) 2.8285(5)
Ru(2)-Ru(3) 2.8245(6)  Ru(2)-Ru(4) 2.8296(6)  Ru(3)-Ru(4) 2.6231(6)
Ru(1)-C(1) 2.059(6) Ru(2)-C(1) 2.066(5)  C(1)-C(2) 1.510(8)

C(1)-CR3) 1.525(9) C(3)-Cd) 1.505(9) C(4)-C(5) 1.521(10)

_Bond Angles ()
Ru()-Ru@2)-Ru(3)  63.958(18) Ru(1)-Ru(2}-Ru(d) 63.824(16) Ru(l)-Ru(3)-Ru(?)  52.335(15)
Ru(l)-Ru@)-Ru@d)  62.344(14)  Ru(l)-Ru(4)-Ru(2) 52.306(14) Ru(l)-Ru(d)-Ru(3)  62.428(17)
Ru)-Ru()-Ru(3)  63.707(18)  Ru(2)-Ru(l)}-Ru@d) 63.870(16) Ru(2)-Ru(3)}-Ru(d)  62.457(15)
Ru(2)-Ru@)-Ru(3)  62.262(16) Ru(3)-Ru(l)-Ru() 55.228(15) Ru(3)-Ru(2)-Ru(d)  55281(16)
Ru(1)-C(1)-Ru(2) 74.41(16)

B 16¢ 12, BT FUF AL FORAGESL L TWARETH S Z & EMER L7, Ru-Ru
FIEEHE IR ERENRH O, OBV, BB/ F VU F UM TWEFEET % Rul-Ru2 #T
HO . 24939(6) ATHo7z. PHOETITHYT 2O Rul-Ru2 FIICH U TR ENOMETH
% Ru3-Rud [ TH O, 2.6231(6) A TH o7z, TNLANOFEEIIIFIZFRZE DT, 2.8245(6) A~
2.8306(6) A DRNCIRER I Nz, VT 20 L &K BSRTIBERE 2.059(6) A ~2.066(5) A T D,
Ru-C o fEGHEHEICHYS LTn5. B RY REMFIE4 DIFIET 20N 2 DR F U F VR T
PEHIERAL LTS Ru-Ru & LR CNOAEICH S Ru-Ru FHTERERNZL THO, 5RO D 2
DOAZHEMEIC ZERBRM L TWD ZEEHEMI Uiz, UL, RETZE 'H NMR AR
P ORRE—BL TN S,

RIGEHEICDONT

BRAR 2a & 12T 2 & OHEE IR IBHRG % 7k U7z (Scheme 3 - 6). $54K 2a 12 1-X > 2 NELAL
L=Db, Ru-H #EICHAT S ZEICE0orE)V PR [B-Hs] NERT 5. LT, E
VP RU-HAERITHAT S ZEICE DG 2-RF U T 23K 16 WERTHHDEEZS

Scheme 3 - 6 #H4K 2a & 1-XR 2 F > & OHEE I bR
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ZOXDaeE-£ FU FEEOEGENRBAICKDBET VFU T UHBEO A RICDONTI,
Lewis 5 bIME LTV D, TIOBMEA AI U AMKE 1-70EY, T2V T7RFL 2 ED
BN S, EIVEREER L. S SICEEDO —BILREFHKTMET S5 2 EITLD, 2245
7»#U?/%¢ﬂ$mﬁéz&éﬁ%bfm5(&mmﬁ:m47tPUPm&%ﬁE:w%
NG % Z LTk 0 A Ui A AR R % 28 < 7= D12, ZORGE TS § 51013 — Bk
DEEPHETH D, INETIC X BHEEHRIICE D 2 FREDPHERI N T2 MRET )
FUF AL 10 FlFEMMESINTNED, TS ANRZ)VEEOREMLRIE, =&
BETNFU DU T NS ORI TER, DT A B HWZBREAT U D AL T D AR
EERDZBOTHD, ®

H
i hv heat
——————-
R'ccr? CO (15atm)
H H R, Ry
R
Ry W
Q :0s(co);
QO :0s(c0),

Scheme 3 -7 WUEA A I T LR E T IVF 2 ED L

Bk 20 & 1% 2 F 3 & DS THERINIIC Markovnikov BAHIASEZ 5. 24U, KO ESD
ICHIT 2 Z LN TED, §ilE 2a OUSHE, BTEZ S ETIVF > ORM ORI RIS
BEIPERFEH LW LN, ZEOPHTEZLLOVEYTH S, #k2ald6 DOERY R
B 2 FF D7D EME ARG L & o Ty (38 2 25 2 #i), R CHNOMEILHD 2 DD
Ru-Ruﬁ%é.\fﬁ-’@fﬁéamﬂxét@‘/;Un“\i%&focmjo)z*ﬂ@::rmza OB O

ETR-E-EEILD. 8HE 2a ORE 2 ZEMAHKTRT & (Figure 3 - 12), EREEITHTET %
T A B D Cp BRI D 2 DD Cp HITHART, ZRKISEHZBIN Z ATV 5, Scheme 3
-8THE, Rul M Cp BIZBOLNIZNTZOATHHEL, BO 1 DDIVTZ LIIAEME L7, Cp
HOBNAAEZETDE, BT MERul,Ru2 D2 FHE/2D, S HIZRR2IBITFLTIV

7 Johnson, B. F. G.; Kelland, J. W.; Lewis, J.; Mann, A. L.; Raithby, P. R. J. Chem. Soc., Chem. Commun. 1980,
547.

*® a) Green, M.; Hankey, D. R.; Murray, M.; Orpen, A. G.; Stone, F. G. A. J. Chem. Soc., Chem. Commun. 1981, 689.
b) Churchill, M. R.; Biondi, L. V.; Shapley, J. R.; McAteer, C. H. J. Organomet. Chem. 1985, 280, C63. c) Farrugia,
L. J; Green, M.; Hankey, D. R.; Murray, M.; Orpen, A. G.; Stone, F. G. A. J. Chem. Soc., Dalton Trans. 1985, 177.
d) Noren, B.; Sundberg, P. J. Chem. Soc., Dalton Trans. 1987, 3103. ¢) Ewing, P.; Farrugia, L. J. Organometallics,
1988, 7, 871. f) Churchill, M. R.; Biondi, L. V. J. Organomet. Chem. 1988, 353, 73. g) Peng, S.-M.; Lee, G.-H.; Chi.
Y. Polyhedron 1990, 9, 1491. h) Park, J. T.; Chung, M.-K.; Chun, K. M.; Yun, S. S.; Chung, S. K. Organometallics
1992, /1, 3313. 1) Jeong-Hee, S. H.; Park, J. T.; Lee, J.-H.; Suh, L-H. J. Organomet. Chem. 1998, 558, 71. j) Falvello,

110



FIE ORILTF=IALANFYERY RBRETIVFVEORIT

F > Ofidia) % % 89 U, path A, path B, path C @O 3 FEO BRI AIRETH S, L L, path B,
path C TIETIVF 2 & Cp BEDNIERFENRKELSARTH O, 1> TRSIE path A Z e Uitk
TT2H0DEEZHN5,

Figure 3 - 12 $f{k 2a D 2= FeHH X

path A 0@/ ins, at Ru3
.——> /
Ru2 Ru3 H

Ru1

@ =Ru
R=C3H7

Scheme 3 - § $#HK 2a & 1-R2F 2 OIS IZBVT 58N

L. R.; Fornies, 1.; Fortuno, C.; Duran, F.; Martin, A. Organometallics 2002, 21, 2226.
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FI3HE EBILTZULANFYERY REEGRETIVF 2 EORID

ERINVTZULRYYE R REEREBBRT IVF OIS T, -1 FEBRAI Y L F >
SRR L, ¥ FRZEHEE AT 4 REME SR T IVE OIS T, RO C-H A0
UM N TZHEEE T IVF Y O 8RB ERT 2 2 ERHSMII TN D (Scheme 3-9),

RCCR . ) .
Y{\'ﬂ \ /}% CP\R)A\‘: i/\'ﬁ“’cp R = Ph, R = H

‘;‘r "
| RCCH LN ‘4( -
H—‘:R&ﬁ"
&é /}y Cp*/\\J R = Ph, ‘Bu, "Pr

Scheme 3 -9 Z&JVT =0 LEMA L B Y IV > ORIG

IS DR TIEIZ RO F & O RKFE &l T 272D SRS QNN E NI DA 1
TN ZENDND, ZHUTKH L B LTIV F 22 EH T B ROOSIE=EBILT 2 LR
YHE R REEORTIEIRE DN > THE T, TUESHHA 20 IR RS TH . ZIULHT
W U7z& 21T, Cp HPSILAINT/NE < HUHEECNL T & DT R E /IR R £ Ulanizd, #
FRICBRERN FINEEICHIETED D TH 5,

KIRTNF > EUT, MIHE 2a &7 22T F LR, tert-TFINT 2F L 2 EOKIG
R U720 RO AR FARICAER L, DT % 2 ENTERP o0, ERYORE

WWIEESEN STz,

Y OEA R, B, WEILIEKYE 1994,
OPAT B, AR, EAE TR, 2002,
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F5E EBIVTZUAANFYHERY REEHENMBTIVEY EORIS

AR CORE T V3 > & ORISR T, AHTTIEEE 2a CNERT IV F > & O KIS 2 L
Jro TR RIT IVF 2 & FBRICROBIZET Uy WIBOL T =0 L8846 2-7 )L+ U 5 8k
16 PERT 2 I RSN LTz,

N T =D ANFYE RY R EABTIVF 2 EORIG
~PEBINT =9 LG 2.7 )V ) T DER~
$HAK 2a O tetrahydrofuran-dy AIRIZ, WHRIED 2-7F 2 ZMA, BRT 1 KSR EZ
%, BROBIIERANSEFAICEL Uz, BE T TEEEEETL2 LT, MBIV T2 A
BAG 2-TF VU T U8R (1-CsHs)gRuu(u-H)o(15-H)o(1-C(CH3)C3H,) (16b) % BAEEINR 99% T/~
(eq. 3- 10).

<z / o7
] 4 ]
Ru 5 Ru
, // \\7% 2-butyne ’rlé\\TKQ (eq. 3- 10)
R Lt R
% Ry THF-dg, rt, 1 h % 7~Ru
He 2 Hy 0
2a 99% 16b

SHK 20 ENART IV 2 S ORI, EHEORIAICEIRR <, FCRRNTETT 5. 3D
B 2RIF 2, 172217 REY, DT TEF L EDRKIBIZBN T, ML T
=0 LRIE2TVED TS 16c, 160, 166 HERT S (eq.3- 1) WO DT L2
SKYTR KT ST 4 —ToHllk - BEIRTRETH S,

(eq. 3- 11)

2a v 16¢ (R! = Me; R? = C,H;)
16d (R' = Me; R? = Ph)
16e (R' = R? = Ph)
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EI3E OBNTZUOANFYERY RSB ETILNF L EDORS

IV T =0 LR 2-7 IV F U T 8 16 DRIE

B4 16 13, '"H NMR, C NMR 27 M)l 2 K7eHBE NMR A7 BB I OTTRATIC L
DFE L7z, §iK 16 DAY R)V5—% %Table 3 - 16, Table 3 - 1712k L7z, 'HNMR A7 |
N, B BY REAFICED S ST FNVRTa— R 2 @EO Y 7V E U THRES Nz, R
FEIRFBICRERE LT AFINRIZED <7 FINE, 3 MNEIBIRI N, WTNOME b+
W Z 1 DAL TH 0. Cp BITHE DT T IV MEL 2:1:1 O 3FEO /I &L
THEREI N/ PCNMR ART ML IEIRFBICHD < & FF)Vis190 FHEIC B S he.
BARGIR BRI LIz AT IV HICE D U7 )VIE, 855 FHiTic gz s niz,

Table 3 - 16 DIV T =7 LGEKG 2-7 )51 5 U 88AD 'THNMR A2 NV TF—% (Jppm)

complexes RuH 1-CCH, Cp sol., temp.
5 -15.04 4.13
(17-CsHs)aRug(1-H)o(165-H)o(1-C(CH3)CyHs) (16b) 13.88 3.08 443 benzene-dg, 1t
15.08 4.13
(17°-CsHs)aRug(-H)o(11-H)2(1-C(CH5)C;H,) (16¢) . 3' 87 3.08 443 benzene-d, rt
' 4.44
. —-14.74 4.10
(17°-CsHs)aRug(1-H)o(115-H)2( 1-C(CH3)CH,CHs) (16d) 1338 3.25 441 benzene-dg, 1t
' 445
-14.75 - 398 ‘
(17°-CsHi)aRuy(u-H)p(45-H)2(1-C(C4Hs)CH,CeHs) (16€) 1282 - 4.52 THF-dg, rt
) 4.61

Table 3 - 17 WUE)VF =7 LZGREG 2-7 )LV 5 38K D BCNMR AR 7 b ILF—4 (dppm)

complexes 1-CCH;, 153-CCH;3 Cp sol, temp.

(17°-CsHs)sRug(1-H)o(13-H)2(1-C(CH1)C,Hs) (16b) 55.0 195.6 ;(5)‘21 benzene-d,, 1t

(77°-CsHs)sRug( 1-H),(13-H)2(1-C(CH3)C3Hy) (16¢) 55.0 - 193.8 ;gg benzene-dg, 1t
70.2

(77°-CsHss)sRug( p-H)o(13-H)2(1-C(CH3)CH,CgHs) (16d) 53.5 189.8 70.5 toluene-ds, rt
74.9
. 70.7

(17°-CsHs)sRug(2-H)a(p3-H)o(1-C(CeH5)CH,CoHs) (16€) - 1844 71.4 benzene-dg, 1t
76.2

$E1K 16D, 16d, 16 131K 16¢ & [RIERIC, & B U REALFOSENRAS A FEBZRE I LTINS,
Figure 3 - 1312 884K 16b, Figure 3 - 1412884% 16d, 16e DIEFETIZS 'HNMR A7 ML &R LEZ, W
FTNb, MBICPWTHEPBELL 2.1 O3 FEOS 7F)LE UTHESI NS, TN, S5F 16¢
AR TS S,
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363K v e YRR b
333K orpaml 4 -
BABK rtsvasvisasurro by A bt o Ao st

204K sapivssipmin S i LY ey

1 |
273K AN ./\

253K | Ji\w,,Jl N AJL

-13 -14 -18 {(ppm)

Figure 3 - 13 844 16b DIRHEEVIZE 'THNMR A7 M)V (400 MHz, toluene-ds)

i .
373K £ D e e ——
353K S AT Pttt
O L
A [
, A i
’ll N 313K I, A
LTk S — M}‘:me_.,,m«,«..wk-w .
333K T ”'“‘“'}’t” L
v R N PR S
AN ‘ | fp‘
273K e e A e 273K M..,..,_,,,,WJKJ~\_.,,Am.,w....~,w.,.k.,,.'u' L
(WS ,\* l[ i L
253K ,,,,4,,,““‘,,4{__»1 L S SN S S S 253K .~ P il fpe ot 2.
223K et e e P N 223K . J\ Sl )i
N ~ 1 ) 1 L 1 1 ]
13 14 5 (ppm) 12 -13 -14 18 (ppm)

Figure 3 - 14 $§4A 16d, 16e DIRETZ "HNMR A7 k)b (A #i4k 16d, £ : $i1K 16e)
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EI3E BN TZUALANFHERY RBEETIVF D EDORD

$E& 16b DG

FIVE IR E-30 °C THBT 2 Z &K DT U2 REARRES B E A LT, BURES X
WG 247 o7z, M1 Rigaku R-AXIS RAPID [EI#ik & & FIV), Rigaku PROCESS-AUTO 7
75 AIKDT—FUE Uiz, MATICDWTIE SHELX-97 717 T A8y r— P& AN,
Patterson 1KIZ K D)V T2 AJRT OMEREERE U, Fourier HRIC & D3R 2K K1 O MBI %
WiE Uk, SHELXL-97 71175 A&RMNWT. BASRHEEGUREELL. STORKRET
IR Uz, 8K 16b 1. 2 TFNICRBEINIC 2 DOEEEFL TS, SEHId4e
B7FIUF A TO Cl ETHERLTWS, Figure3 - 150 C2A OALBITIIANR sp’ jkE (A F
JVEL) DMFEIET D08, C2 MBI MANT LD C2A & U TIEWICIEWMEICHE AL T LE D 2012,
B L THEET 5 2 & IETEARN. o Ty C2A & CLITKA L X FIVEEE Bz L. KL
L7z. C1,C2, C3IFES AT M LzdY, €2, C3 RITAREFRFIEFHEIFTHAaN, BIETF
U 5 2 BiALF £ O Oceupancy 1 C1 4% 0.25, C2 280.5, C3 430.25 & U7z, $H4K 16b. D4y T-HitE 2
Figure 3 - 15, Figure 3 - 1612, # T FHT— & BLOWE S M & Table 3 - 1812, FE/afES k. #E
4% Table 3 - 19158 L7z,

Table 3 - 18 §i{A 16b DHEFFNT —F ., HELKME

[Crystal Data] [Intensity Measurements]

empirical formula CyH3Ruy Diffractometer R-AXIS RAPID
formula weight 724.78 Orange/deg 3.65-27.44
T/K 203(2) limiting indices 0<h<12
crystal system Orthorhombic - 0<k=<18
space group Cmem (No. 63) 0<1<19

alA 9.9965(2) 20 nax/deg 55

b/A 14.4945(4) reflections collected 10509

clA 15.1597(3) - reflections unique (Rjy) 1434 (0.0239)
afdeg absorption correction Empirical
Pldeg max and min transmissn 1.1546, 0.8982
ﬂdeg

VIA 2196.55(9) [Refinement]

Z 4 Ry, wR; (1> 2.00(1)) 0.0301, 0.0707
Deaea/g cm™ 2.192 Ry, wR, (all data) 0.0319, 0.0717
F(000) 1408 Data/restrains/parameters ~ 1368/0/90

2 (Mo Ke)/mm™ 2.705 GOF on F* 1.174

crystal size/mm 0.100 x 0.100 x 0.100 Aple A~ 0.840, —0.708

crystal form, color

block, black
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Figure 3 - 16 54K 16b O 7T HiE (top view)
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Table 3 - 19 $#{K 16b O XS E. HEA

Bond Lengths (A)

Ru(1)-Ru(14) 2.6482(5)  Ru(1)-Ru(2) 2.8511(3)  Ru(2)-Ru(2A) 2.5011(6)
Ru(2)-C(1) 2.079(4) C(1)-C(2) 1.534(6) C2)-CO) 1.416(14)

Bond Angles (°)

Ru(1A)Ru(1)-Ru(2)  62.327(5)  Ru(1)-Ru(2)-Ru(lA)  55346(10)  Ru(2A)-Ru(2)-Ru(1A) 63.984(6)
Ru(2)-Ru()-Ru(2A)  52.032(12) Ru(A)-C(1)-Ru(2)  73.96(17)  C(2)-C(1)-C(2A) 107.7(6)
C(3)-C)-C(1) 124.3(6)

FEEMRAT ORGSR, $ER 16b 13EHIK 16¢ & FARIZ 2 DDV T I AT F U F RN T8 2 410
PR TGN T DG TH 2 Z EEH SN Uk A RICB T HEE 160 &L L 7 (@HH
WEEREND. FETFV T URMTHPEET D Ru2-R2A EZNERUNOMEBICH D
Rul-RulA 73 Z 1241 2.5011(6) A, 2.6482(5) A & < ZHUTHA Rul-Ru2 13 2.8511(3) A & & 0
BV, LT UL ERERFEMEIT 2.0794) A THV ., Ru-C o SHEEHCHY L7z,

b RY RS 4 DFEET D82 DB T F U 5 2L T OGHERIAL L T D Ru-Ru & &
RUNOMEICH D Ru-Ru BHZZUERALTHB O, HBOO 2 DAZBEE I ZBRAGRA LT
WBZEEWASIMI Uz, LD, K 16b OFHICIE 3 FEOBREOR/25E RY Rid
PTFEAET 2 Z &7 20, ZHUTRERZ '"H NMR 27 MVOKRE KT 2HDOTH

ZQO

Cp/Cp*REMBNT = ANFHE RU REFELABTIVE D LORI

SR 2a ENERY IV 2 DO BURICHEE Cp/Cp*‘ZEé@%ﬂkc‘:W%KT)L#?&inﬁS%*ﬁﬁﬂ‘bto
TN Cp* 2 AT HVZSHRI, SORSE OB RETET 5. Cp* BISIABICE R WD
T, Cp*l & DIMARFEERET DAMETT NF DEAT D LTINS, 2T #HE
2e, 2f, 2g ENTRT L2 EDIBZEME Uiz, ZTORR, SrERIRINC 7 IIVF 2Ny S A5 —
WIZIDRAENDS Z &, KR THND Cp* BEOBIND SAY — DRI KRES BT LI L%
HEMT U7,

Ptk 2e & 2-T7F 2 LORIG

Wik 2e OF T RO T I UBIIC2-TF a2 Ai, BRTHEET 2 &, BiKOAIZREAN
SIEEAIC 2 Uze T FCIRIEEERL. 7V FHI A0 NI I 74— THRETZ
&z ck O, WENVTZULBE 2-7F U F U8AE (17-CsHs)(17-CsMes)Ruy(u-Hyo(15-H)o-
(1-C(CH;)C,Hs) (17) % HABEINEE 58% Tz (eq. 3- 12),
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Ru - % Ru
| R/\\J/(u% 2-butyne _ ’Rr//\\7u%
(\7 HG/RU ) THF, rt, 2 h . (\7 :‘6 %y 4 (eq. 3- 12)

2e 58% 17

A 1713, '"HNMR, *C NMR A7 M2 K O FE U7z, 85 17 1 NMR A7 MUz n
THIR 16 R L2 AR BVERLEZ. 'HNMR A7 MUZiEE BY REMFICRDIL &
TFIVIR, 51527, -13.91 IZ 4H X ORENREZFF D 7 F)I & UTHIER I N, CpHicHo<
U FINE, 64.20,4.36 1 10H, SH 23, Cp* iz HD < 7 FINES1.83 1T 1SH p O E %
RO PN ELTHRS N, 7TFVTFVEMATOMEICLD, 2TEOREENEZ LD
. ZNEOKPNENMR ARY MVINSTIEDWI 2 Z & TERN, BEDEZA, BEEAL
TEDVHRRFEDI VDN NEBZ NS BERORE SHEE L TWD AUBIRFITHEL 2 A
FOVHNE63.05 12, TFIVE LD TT R ATZHEIS1.36, 1.83 (KBS Nz,

PCNMR ARZ MV, BEHRERICE DI T FIVR6193.0 ITBIERS N, Cp g I
TFIVIE670.3,74.7 17, Cp* i HD < U FIVNLS12.6,84.1 ICBIR I N, RIEHSRITHEEL /-
AFINHILS54.9 12, TFINEEDREITENENS21.0,54.1 IZBIER I N,

BT 17 OADPE—ERI E U TR, Co*EANMEA Lz T2 AR T IVF U 5T
BT EALT D S &N o T, THUL Cpr AN E W 2D 4%&%%;&”%u%ﬂ$
ABREZEEZ END,

gtk 2f ERET IV E 2 LDORIG
SRR 2f ENTRT NV > EDORB BME Uz, Sk 213 2-T7F 2, -7 2217y, ¥
TIINTRF LY EBUB L. WEOVF 2 LG 2-7 VED T UMK (7-CsH)(i7-CsMes)o-
Ruy (1) (15-H), (u-C(R")CH,R?) (18a; R' = R?= CH;, 18b; R' = CHj, R*= Ph, 2¢; R' = Ph, R*=Ph) /%
R U7z (eq. 3- 13). BUBMFRIVEIIE OY 1 LI KREIKGFE L, 2-TF >, -7 xz2)b-1-70E
WEEH, DUz TRFL 310 AR ERBIOWBEICADN o7z, bR U THRES
DVISEME 2 & 18 DATH D, HMEMKIEIHR S Nah o 7z,

119



EIE EBANTZULNFYERY REBERETIVF 2 EDORIE

&5
R'CCR? N AN
Ru\/\7 \# %\;Z% _ (eq. 3-13)

2f 18a (R = Me, R? = Me)
18b (R = Me, R? = Ph)
18c (R = Ph, R? = Ph)

A 181X "HNMR, P"CNMR A7 ML, JEERMHHCE DT W THE Lz, HNMR 227 bl
T B RU REMFICED S T HINdndn e SERICBWTRIARS 77 E LTEBREN
7zo Cp 3k, Cp*RTED K T FIVIL, FHEN 10H, 15H, ISH 5y ORSMEE DI VIV &
UTHEIN, CpEN 1 FEOS T FNEUTHREI NI EMS, Cp HIIRBET NVFY F
YENTFOEALLUIZ 2 DD T ZOLMIHAE L TWAZENHLNTH D, ZORBEIIRITH N
% X EGEMATIC L DR Lz P"CNMR AT MNZBWT, LiEFFEILS180 ~ 190 £
(g Z 3T Table 3 - 13ITBEIOR U7z & D ICARKE R IR N/ E T H 5.

ik 18c OIREEZ 'H NMR

ARY MVERE LK. £ R K ) /!
Temperature (K) ol ‘ A
WAL Fiz D<o 7 LI, 333 WA"‘”A; ,WbMWW
o = 7 313 -J\mmw«.bwww‘ ? ﬁh
80 °C TIIBAMIEL 2:1:1 0 3 S %Jk1lWﬂ“
BEOT 7 FIE L THES N, 253 j“ :%ﬁ» ‘imk
REEIN Y
SR BB Uy 60 °C TR s [T T%}ﬁMﬂ
J AR eV
Eiss 7Rl E LTHES h 2f3‘i ng i
(Figure 3 - 17). F/= 7 = =)V 2 \ \~é\ ;J}k
203 \ FAN BRI
DL FIMTBAT, BFRICL 1y I e L e
DHEETH 72 INVHEOD B 4R -13I.o : -14I.o 6.0 {ppm)

FERRITHE LT 24513, )L Bro Figure 3 - 17 $#44 18c DIRE A2 'HNMR 2R k)
KRAENERETIE | FHO=EHRELT
BRI N2 DITH U, BRI IEA L
LTWE, 80°C TWL, 2DV FINCRH LTz, Ee. FRHI A S LOKFE S BRIRIZHEN
BRI U TWE, AV Mo, -80 °C Tl 2 FHO > 7/ FIT/HE LT (Figure 3 - 18), /X
51i0)‘7j<§?~:0) T TIN5 72, 2O T = ZIVEBIC BT 22 T IVEEOHH E L
T TNV FRD T URFEEA TIMRFERESMOEEENE Z 55, TahE, SR T IVFY
5 i&{7v&ﬁ$ EEMOERIZE D AV b« AZROKBIETNTNEI 2H 53

(400 MHz, tetrahydrofuran-ds, & RV RAEHEL)
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OEIRaIND, LML, BEZTFFLZ LK 0EEAMEISN, Tk - AYREOKEITZEFD
ZRITHRNLBEDE N 5IEEMHICEAREL 11 0> VI E L TEMICBRaIN 5,

2 N

203

8 AN

8.0

Figure 3 - 18 $H{K 18c DIRAETFZ 'HNMR A7 ML (400 MHz, tetrahydrofuran-ds, 7 .= )L fEis)
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IV T = L5REG 2-7 I+ U T &0 2 FiliE

PHIR 18b 7 FHEiE % BifS & X SRS IC L DS IMNI Lz, 2% IEIRE-30 °C TEp
BT D &I O Uz BARRRES & 2 F T, B S XSS MRAT 217 5 /. % 13 Rigaku
R-AXIS RAPID [a[#i25 & % Fi\, Rigaku PROCESS-AUTO 715 I A K0 F—F UM Uiz, #i#
HHiZDWTIX SHELX-97 75 5 L/ —T &R, Patterson {EIZE DIV T = LART- O FE
BEZRE L. Fourler B AIC K D IR DIE/KEIR T OEEREZE R E Uiz, SHELXL-97 71175 hEH
WT, B/NFEHEZITOHEELRL, 2 TOHEKERTEZIFEHEITRE U, #iF 18b O
T — & CRE S Z Figure 3 - 1912, SH{K 18b D4 TH#E £ Figure 3 - 1912, E/a#E
K& & % Table 3 - 211 R L7,

Table 3 - 20 $H{K 18b s H 2207 — & L ESRM

[Crystal Data]

[Intensity Measurements]

empirical formula Cy9Hs4Ruy Diffractometer R-AXIS RAPID
formula weight 927.10 Orange/deg 3.03-27.48
T/K 153(2) limiting indices 0<h<=<21
crystal system Orthorhombic 0<k=<19
space group Pea2] (No. 29) 0<1<18

al 16.4497(5) 260 ./deg 55 :

blA 14.754(5) reflections collected 33225

c/A 14.554(4) reflections unique (R, 4514 (0.0257)
VIA? 3532.4(14) absorption correction Empirical

Z 4 max and min transmissn 1.0000, 0.7790
Deatealg ™ 1.743

F(000) 1856 [Refinement]

1 (Mo Ka)/mm™ 1.703 Ry, wRy (1> 2.00(0)) 0.0159, 0.0375

crystal size/mm

0.350 x 0.250 % 0.150

Ry, wR; (all data)

0.0163, 0.0380

crystal form, color block, black Data/restrains/parameters  4205/1/416
GOF on F* 1.073
Aple A7 0.391, -0.493

122



FBIE MENT=oLNANFYERY REBHETIVF L EORIE

Figure 3 - 19 $§{K 18b D51

Table 3 -21 $8{K 18b D E LB AERBLINEGA

Bond Lengths (A)

Ru(1)-Ru(2) 2.5079(8) Ru(1)-Ru(3) 2.8855(6) Ru(1)-Ru(4) 2.8651(6)
Ru(2)-Ru(3) 2.8818(6) Ru(2)-Ru(4) 2.8970(7) Ru(3)-Ru(4) 2.6581(4)
Ru(1)-C(1) 2.072(3) Ru(2)-C(1) 2.063(3)

C(H-C(2) 1.520(5) C(D)-C(3) 1.547(5) C(3)-C4) 1.510(5)
C#)-C9) 1.396(5) C(4)-C(5) 1.397(5) C(5)-C(6) 1.383(5)
C(6)-C(7) 1.393(6) C(7)-C(8)- 1.378(6) C(8)-C(9) 1.377(6)
Bond Angles (°)

Ru(1)-Ru(2)-Ru(3)  64.301(10)  Ru(1)-Ru(2)-Ru(4)  63.544(10)  Ru(1)-Ru(3)-Ru(2) 51.550(15)
Ru(1)-Ru(3)-Ru(4)  62.079(10)  Ru(1)-Ru(4)-Ru(2)  51.597(17)  Ru(1)-Ru(4)-Ru(3) 62.861(11)
Ru(2)-Ru(1)-Ru(3)  64.149(18)  Ru(2)-Ru(1)-Ru(4)  64.859(17)  Ru(2)-Ru(3)-Ru(4) 62.907(12)
Ru(2)-Ru(4)-Ru(3)  62.325(10)  Ru(3)-Ru(1)-Ru(4)  55.060(13)  Ru(3)-Ru(2)-Ru(4) 54.769(14)
Ru(D)-C(1)-Ru(2) 74.69(12) C(2)-C(1)-Ru(1) 116.1(2) C(3)-C(D)-Ru(l) 112.5(2)
C(2)-C(1)-Ru(2) 115.1(2) C(3)-C(1)-Ru(2) 121.3(2) C(2)-C(1)-C(3) 112.3(3)

SELE 18b 1 BRI 7 LE 1) 5 AR T8 2 A CHUBRRAT U7 M5 T % & 2B 5 hMC Lz,
CpRu-RuCp BHZ 7 IVF U F UL TIEZEE LT DN, Ziud Cpri & O IRIKFE =R 57
DTHHEBASNS., VT AR T L )7 B TS Ui S0 biE <
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2.50798) A TH 5. RICNRUNDIBIZHHEENEL . 2.65814) A TH D, INTUILER
BRFEBEES. Ru-C ofEAIEEHCHYU Lz, B RY REA PO BILERE 16b & FR—TH D

$hfk 2g L7 IV F 2 LDORIG

$Efk 2g & 2-TF 2 EDORIBZE, benzene-ds . 80 °C T 170 Rifil{T o7z WE FTHREZB L
Uy PIVRFASLIORNT T T 4 —THEET 22 & T, HilERME/RZ, Zodkid 'H
NMR AT NIVIG, BUED ET A 2-TF i -t f BALUTZNY 7 54 BOSETH 2 &
HELTWS, *' KIBRHPTIE, BE7INF) T UHMBRICHRT 5 VIR and., &
7z 170 Wi fal2t %MT% EEHHE 26 D T FIVBBEIN, BIEDEIA, ZOUSIZD
WT LA EOBm I L W,

51 'H NMR (benzene-de, tt); —17.19 (s, 4H, Ru-H), 1.71 (s, 15H, CsMes), 1.72 (s, 30H, CsMes), 2.68 (s, 3H, -CCHy),
3.01 (s, 3H, -CCH;), 4.35 (s, 5H, CsH).
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SREHI NI TSABUBINT =D LT IVF i

BSEHITI, $iE2 &7 NI EOBEBRTITO &, B ETRIGMNET L, VT
DBRKG 2-7 )V U5 R 16, 17, 18 JVERRT 2 Z & &S M Uiz, TSR E TV F 2 &0
BOBTH, #ETHblRNEXII2EB-2BREEOUMICEONY 7 5 BIGEENART 2] HE
WRH 208, TNETIRABSNZNG 7 T4 Btk D% <13, B ORBILOLE O
IR 0B LNIZbOTH Y, MG & REF U2 EENY 7 5 BISHE & Ak U7z o
WonbDTH%, £, BIVRZIVENLF2H T 2 WS O KOL Tl N 7 51 BiiHA
ZRRT DMELD DN, KGR TY T A —INNERE Z R o /o EES L TWSNEHS M
T2 JIVIR ZVBLRLF 2 R 72 VNG T T BIURZEERIL 4 Bl S ST 508, Wi
DEEfR HFS RS U I 2 FR & UTH 0. ARER T 5 Tldinn, > 5 5% 3 4
2ETHLIVEREREL O, SHE 2213 80 CEALSIE, MEAL THHUEBSAEKERFEL TV
ZEMBITHENTIR>THBO, TIVFBNEET D88 T TR LLEIZE, @E-&EBG
DYWNZ X DN 7 T A BgEAOERBRF SN D,

AT, K 2a &7 )V F 2 & OMEBOLERE Uiz, T ORER, &B-&B#EE Nk S N,
INE T TA BT )3 ga 20 34K U7z,

5018 2-7F U T2 884k 16b DIMEARIE
~RMLICKBZERET TV D88k 19b D&M~
FTRUIE2-TF VT K 16b OMBUOL ZARE U7z, $ik 16b % tetrahydrofuran-ds HTHlI
BlizLlsn, BREANET Uz, BIETTHREZBEL. PNV S0 T T T4 —
THMT 2 ZET I T AZERETF U D U8R (i7-CsHs)Ruy(1-H)s(15-CC5Hy) (19b)
% BRI 49% T1372 (eq. 3- 14), FURRHITIL, $5K 22 1ICE D T FIND TN TiH %
PMHEE I NI,

’r/\7ﬁ > CRLr. Q (eq. 3- 14)

R .
(\) . THF-dg, 80 °C, 91 h
H4C7
O
16b - 49% 19b

52 Barnes, C. E.; King, W. D.; Orvis, J. A. J. Am. Chem. Soc. 1995, 117, 1855.
53 Wadepohl, H.; Borchert, T.; Pritzkow, H. J. Chem. Soc., Chem. Commun. 1995, 1447.
5 Wadepohl, H.; Borchert, T.; Pritzkow, H. Chem. Ber. 1997, 130, 593.
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44 19b 13 'HNMR, "C NMR A7 b LB L2 K TTHBEINMR 27 Mk O [EE Lz,
SR 19p IR =EZ A L TH D, 'THNMR AR MUITHE Cp B ED < & 7 F )V s s
W31 28OS IV E LTI, TIVFIBICE D I, 61.15,1.76,4.07

ISR 3:2:2 THIS SN, COSY AT MUK D, KIEMOMEREZEHER Lz, C NMR
AR BN ZERBERBICED < T FIVIRS317.0 ICBIER I Nz, O SMEIL OGOk
WZDWTIHE 4 BETHL <BRD,

ZORISTIERE-& B G OUNNLEE 9, RAbKRE AL T ORARNNEL Uiz 2 &%
HMT/Eo T DWT, TIVE VFE T TOMBBURERE U,

BE2aLTINFDORIE ~NG TS BMBINT =0 AT N+ EGDERF~

SR 22 ICBB D 2-7F & MA T, 80 °C T 30.5 KM L7z, BHETCHREEEEL, 7
WIFNI LU NT I T4 —THf - BHTHIEICLD N TSI T LT
F 8K (1-CsHs)yRug(1-H)s(ua- 17 : 77°-CH;CCCH;) (202) % BB 55% CTHE2 (eq. 3- 15).

D) / 73 -butyne »0\”(/%%::/(3

benzene-dg, 80 °C, 30.5 h Ru ‘ (eq. 3- 15)
2a 55% 20a

M7 IF 2 THRBEBRBINTRBIETT Uz, - F 2, 2-ROF 2 EORIGTIE, THh
TGS 2NY 7 T BBV T =7 A7 IV VR (17-CsHs)Rug(eH)o(us- 17 : 17 -HCCC3Hy)
(20b), (7°-CsHs)sRus(u-H)a(pte- 17 :17-CH;CCCoHs) (20¢) 23R L 72 (eq. 3- 16).

@ R R2
Gt

R 1.1

e ~Rur 7/

Ru\/ \7 : Q’)\\ 7,

toluene, 60 °C Ru (eq. 3- 16)
i o 'S ’
2a 20b (R' = H, R? C3H7)

20c (R" = CHj3, R? = C,H;)

35 Muller, J.; Menig, H.; Pickardt, J. Angew. Chem. Int. Ed. 1981, 20, 401.
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SHAR 20 IZBRCAZ U727 V3 203, 848 7 V) 5 28R 16 Bk Tld7e < RHRICEET 27
FUERBLUTNWD ZEWNSN o7, Tiabb., 846 2-7F VU 5 28K 16b (D benzene-dg VAR IZ
HULR[REQT 2F L EERSE/E A, TIVF Iy FORRERE, NF 7 51 #i
BNTZOLTEF LUK (1-CsHs)aRuy(u-H)a(ua-17:177-HCCH) (20d) D3ERE L7 (eq. 3- 17).
SR 200 13EHE 2a E T EFL 2 EQRIEN S TIEART % Z EIXTERN,

,{ ?u acetylene G uéHHﬁ /(d
WA\ "Ry 1=Ru (eq. 3- 17)
VA -

RGZ
% Ry benzene-dg, 80 °C, 65 h
"o &
16b 75% 20d
P& ORI

SR 2a IR THPDITT N F D ERIBTH &, b 16b &7 2F L 2 EDQRBNE
FBADE VIV T D LBRIET V) T 808 16 D38 2a NSNS T 5 A BV 520 L
T IV 8K 20 AR T B RISOH B TH D & TIREN D, RERIZEE 16b & 2-7 F 2 {#1E
T, 80°C THHT D EGHF 20a WER U722 & LD, S 16b ISP TH D Z & 25
M U7z (eq. 3- 18)e 'THNMR IZ L U RIGEBIFT 5 &, R 1-TF DI TFI (8
0.88 (1), 5.79 (m)) MBI /=,

{ N 2-but
) u ~butyne :
» U’Q G\R Ru/(d 3-18
- - ,Ikr / (eq. 3- 18)
H Ru 80 °C, - 1-butene Ru
4 ﬁ> G
16b 20a
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NETSABUBNT = ALAT INF BEORE

BH1A 20 12, '"HNMR, P"CNMR 27 M)V, JLHEAHIZX O FE Uz, #ik 20 © 'H, °C NMR
ZRY N5 —5 ZTable 3 - 22, Table 3 - 231T/R L7z (BHEICHiK 2a L 0AFH L&D
SUSMSAHERT 5N 7T A M T2 L7 0ONF 2 VHE 20e) DT —F BT, it

B LT3R T %),

'HNMR ZX7 MUzid, & RY R TICE D TV, BLEs5-16 (L2 4HZ D
BOMEERD | O T FIE UTHEMIIBIRI N, OBITERD X BGOSR
AMBHEDIT, B FY FRETE, FEEMARBRCHS, ULALRNS. #HiE 200 @
tetrahydrofuran-ds V&I % FI /2 IREE W25 'TH NMR AR 7 MIVRIE THE, —80°CicBnWThHE R
RELALT-D 3 7 WAEIE & A EZL U Tah o 2, Table 3 - 241284k 20b DR E W2 '"HNMR A X
7 BNV BT L% 7 M BB ER Uz, Z&D, §iR 20 O BY REMTHIEE
B THWY A FR|ER I LU TWDZENDND, BERFCHEE L ATFINETBLES 3
12, KBS IR a N, |

BC NMR 27 MU, BBHRFICE DT FNN2 DOF A TE L THRRI N, 2
BRFICTIVFNEIFEG L TODEE. 5180 ~ 190 IKBIRIND DI LT, KENHE
TWBEHIE. KREDH Y T T EMESTS 160 ITBIEREIND @HF 200, 20d) OVVRET
ChB, RPN L AT VI, 546 (REICHES N, |

Table3 - 22 ${4£20 O 'HNMR AR FLF—%

complexes RuH Ha- 772 : )]2 -CCH; - 772 P-CH sol., temp.
(17°-CsHs)aRug(-H)a(ps- i 1*-CH;CCCH3) (20a)  —16.86 3.21 - benzene-dg, 1t
(17°-CsHs)sRug(1-H)4(ptg- 7 17*-HCCC3Hy) (20b) -16.89 - 11.11 benzene-dg, tt
(17-CsHy)Rug(1e-H)a (a1 57-CH3CCCLHs) (200)  —16.30 3.19 - benzene-dg, 1t
(17°-CsHs)aRug(1-H)g( 4177 17°-HCCH) (20d) -17.51 - 10.75 THF-dg, 1t
(775-C5H5)4Ru4( 1-H) (17 17°-C¢Hg) (20€) -15.36 - - benzene-dmi'

Table 3 - 23 $44K 20 @ "CNMR ARY PLF—4

complexes s 217 -CCHj sg-11:17-CCH;, sol., temp.
(17°-CsHs)sRus(1-H)a(pt4- 17 *-CH;CCCH;) (20a) 188.9 45.6 benzene-dg, 1t
(7-CsHs)Ruy(u-H)y(-17:17-HCCC3H;) (20b) 158.3, 194.8 - benzene-dg, 1t
(175 -CsHs)aRua(z-H)a( s~ 172:172-CH3CCC2H5) (20c) 185.0, 191.5 48.0 benzene-dg, tt
(17°-CsHs)aRug(1-H)g( s 177: 17-HCCH) (20d) 159.7 - THE-dg, 1t
(17°-CsH) Rug(ze-H)a (114 )72:772—C6H8) (20e) 181.4 : - benzene-dg, rt

Table 3 - 24 $i{4 20b O VI'H NMR AR VO R
(400 MHz, tetrahydrofuran-dg)

1(°0) S hydride wipp (Hz)
50 -16.98 1.6
21 -17.09 } 2.7
-80 -17.36 4.0

128



FEI3E MIKILFoyANFHERY KRR ETIE LV EORB

AR B ICBWT NG 751 BRI AN RN T T ALY — 2R i <GS
N T %, The Cambridge Structural Database IZHE R E SN TN DL TOWKINEG 7 T 1 B
KD NMR AR R VT —% 3 3 O A 5 R RIIEHE % Table 3 - 2512 &7z, "CNMR A7
INTBNT, BIEL 72T 0V F DV RFICHD < T IVE & 140 ~ 220 FHRICHE SN 2 BN H
%o RF-REFIEEET. BET 134 A, BRETL157@) A &0 ERRS5ND08, SEEIT
RToRE-RFE_EHOLOIMEL, BREAIOE< /B> TNDENA D,

NG 754 DK TIE, &BRESE 2 DA T 5428 %  wingtip”, 3 DT %48 % "hinge”
EMERZ EAYBHI & 5o T D, “wingtip” I RATHD B OB & | “hinge” | JIEH (5 & 5 DAN)
BT S (Figure 3 - 20),

O : wingtip
@ : hinge

Figure 3 - 20 N% 7 5 BIGHA DB D £ %5
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Table 3 - 25 PUIEINY 7 5 BISEIK D NMR AT RIVTF—& 35 L OGREE i IR HE

e NMR
complexes wgrf-C C-C )%—121 A ref.
(8/ppm) alkyne (4

Fe, Clusters
Fe4(CO)12(y4-77 -F-MeCCMe) 1.44(1) 56
o -CsHaMe) Fey(py-COn(us- at, -HCCH 206.5 1.504(6) 57
[(77°-CsHaMe) Feal 115-CO) (p5-CH) pt4- 1 77*-HCCH) | [PF] 2304 1.54(11) 58
Ru, Clisters
Ru4(CO)12(,u4-77 47 -PhCCPh) 1.46(2) 59
o’ C6H6)Ru4(00)9(/z4-7f 17-CéHs) 1.400(17) 60
Ruy(COY 12 11s- 77 A * MeCCMe) 1.45 61
RU4(CO)12([I4-7] 7] C6H6O 1466(4) 62
[Ru4(CO)9(,u-CO)2(,U4-77 :i7-PhCCPh)][NEt], 1.422(9) 63
RU4(CO)12(IU4 7] n "CGHS) 1455(7) 64
(77 -CgHg)Ruy(CO)o( 14~ 77 7] -C¢Hy) (C4Hg; hinge isomer) 1.43(1)
(77 CGHG)Ru4(CO)9(;14-77 7P-CeHy) (C6H6, wingtip isomer) 1.45(3), 1.48(3)
(77 7 -CeHs)zRU4(CO)4(/l-C024(#4 i:17-CeHy) 1.392(5) 65
(7-CigHl i) Ruy(COYf g7 -Colly) 1.44(2) 66
Ru4(CO)12(,u4-77 7, -CsH)o) 1.45(2) 67
Ru4(CO)12(,u4-77 2/ ?-PhCCCnCPh) 1.46(1) 68
RU4(CO)|2(,U4-7] 7] C14Hg) 1464(6) 69
Ru4(CO)12(;14—77 A *“HCCPh) 1.45(1) 70
Ru4(CO)12(,u4-77 A ?-HCCPh) 1.451(6) 71
Rug(CO) 12114~ :1-HCCPh) 1.455(11) 72
Ruy(COYof p- PP112CH2PPh2)(,u4-77 .17 PhCCCaCPh) - 1.46(2) 73
Ru4(CO)12(,u4-77 1, #-Me;SiCoCCCCnCSiMes) 153.84 1.471(5) 74
Ru4(CO)12(,u4-77 /A ?-Me;SiCoCCCCrCSiMe;) 1.48(1) 75
Ru4(CO) 2 ps-172:17-HCCH) 1.472(9) 76

56 (a) Bantel, H.; Hansert, B.; Powell, A. K.; Tasi, M.; Vahrenkamp, H. dngew. Chem. Int. Ed. 1989, 28, 1059. (b)
Bantel, H.; Powell, A. K.; Vahrenkamp, H. Chem. Ber. 1990, 123, 677.
57 Okazaki, M.; Ohtani, T.; Ogino, H. J. Am. Chem. Soc. 2004, 126, 4104,
8 Okazaki, M., Ohtani, T.; Takano, M.; Ogino, H. Organometallics 2004, 23, 4055.
%9 Johnson, B. F. G.; Lewis, J.; Reichert, B. E.; Schorpp, K. T.; Sheldrick, G. M. J. Chem. Soc., Dalton Trans. 1977,
1417.
8 Aime, S.; Milone, L.; Osella, D.; Vaglio, G. A.; Valle, M.; Tiripicchio, A.; Camellini, M. T. Inorg. Chim. Acta
1979, 34, 49.
81 Jackson, P. F.; Johnson, B. F. G.; Lewis, J.; Raithby, P. R.; Will, G. J.; McPartin, M.; Nelson, W. J. H. J. Chem.
Soc Chem. Commun. 1980, 1190.

* Basu, A.; Bhaduri, S.; Sharma, K.; Jones, P. G. J. Organomet. Chem. 1987, 328, C34.
% Wang, I.; Sabat, M. Lyons L.J; Shllvel D. F. Inorg. Chem. 1991, 30, 382.
 Braga, D ; Grepioni, F.; Byrne, J. J.; Ma1t1n C.M,; Johnson B. F. G.; Blake, A. J. J. Chem. Soc., Dalton Trans.
1995, 1555.

Martin, C. M.; Blake, A. J.; Dyson, P. J.; Ingham, S. L.; Johnson, B. F. G.; Parsons, S. Transition Met. Chem.

1995, 20, 565.
8 Blake, A. J.; Dyson, P. J.; Ingham, S. L.; Johnson, B. F. G.; Martin, C. M. J. Chem. Soc., Dalton Trans. 1995,
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Os; Clusters

Os4(CO)12(;14-77 A *-HCCH) 1.55(4) 77
Os4(CO)12(;14—77 1, -EtCCH) 1.54(3)
084(C0)1z(ﬂ4-'7 :f-CoH 1.47(5) 78
o C6H6)Os4(CO)9(;14 17 :777-MeCCMe) 1.50(2) 79
Os4(CO)1a(pa- 77 A 2-Cy;Hy) ' 1.57(4) 80
O84(CO) (=17 :77-C1oHy) 1.501(9) 81
Coy Clusters

Coy(CO)e(1-COYapts 772 772-EtCCEt) 1.442) 82
C04(CO)3(,u-CO)2(,u4- 7 -HCCH) ‘ 1.399(7) 83
(7 C5H5)2C04(C0)4(#'C0)(/l4 77 :17-CF3CCCF;) 1.44(2) 84
C04(CO)G(PP113)2(;1-CO)2(;14— 7 *-HCCH) 1.394(11) 85
(;7 C5H5)4C04(,u4-172 7-CiH,0) 187.18 1.473(5) 52
(17°-CsHs)sCog ptg-17 77 C7H14) 164.5 1.499(5) 53
Co4(CO)8(y-CO)2(,u4- :177-EtOCOCCCOOEY) 147.17 1.424(11) 86
s -CsHs)4Cos( s 772 772-C6H8) not detected 1.464(8) 54
Co4(CO)3(,u-CO)2(;14-77 :5"-HOOCCCH) 1.42(2) 87
C04(CO)6(;1—CO)Z(y-thPCHZPth)(;14-r; :77-PhCCH) : 1.405(4) 88
Co4(CO)g(£-CO)(-Ph,PNHPPhy) (is-177: 177 -PhCCH) 1.409(4)
Co4(COYe(1-CO)o 1Py PCH, PPy (p14- 17 12-Me;SiCRCCCH) 1.413(5)

7 -Cg 12)1r4(,u-H)4(,U4 1. 7-MeCCCH) 1.56 55
Mixed-Metal Clusters .

FeRu3(CO)yy (a7 AU ?-PhCCPh) (Fe; wingtip postion) 1.460(3) 89
FeRu3(CO) 5217 -PhCCPh) (Fe hmge postion) 1.458(4)
Co3Ru(CO)7(1-CO)y (- Pth) =17 rP-"BuCCH) ’ 1.424(5) 90
[Co;Ru(CO)G(y-CO)4(,L14-77 T, -PhCCPh)][NEt,] 1.34(1) 91
CozRuz(CO)g(,u-CO)z(m-77 1, ?-PhCCPh) 1.432(5) 92
C02R112(CO)g(ﬂ-CO)Z(m—77 7] -C¢FsCCCgFs) ' 1.369(23) 93
[CoRu3(CO)9(,u-CO)2(/14-77 1y —PhCCPh)][N(PPh3)2] 157.6,179.1 1.445(7) 94
[(7 -C5H5)W1u3(CO)g(;1-CO)22(/14-77 :77-MeCCMe)][PPhy] 1.434(7) 95
(I] -CsMes)CoFes(CO)of 1177177 -FCCF) 1.45(2), 1.43(2) 96
(77 -CsHs)FesNi(CO),(1-PPhy) (s 17 77 PICCH) 1.436(16) 97
(17°-CsHs)2C0,M0y(CO)4(1-COVol tta- 1772 1-MeCCMe) 1.47(1) 98
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(77 -CSHS)Cozl“eRh(CO)é(ﬂ-CO)z(m- 77 7 -MeCCH) 1.404(10) 99
(7] -CsHs)F e3Rh(CO)9(,u4-7] 77 -MeCCMe) 1.448(13) 100
(z] -CsHs),CoMoRhRu(CO)s(1-COYopts- 17 ;-MeCCMe) ‘ 1.414(9)

(77 C5H5)2CoMoRhRu(CO)ﬁ(,u-CO)(/14 1717 -MeCCMe) 1.400(15)
(17°-CsHe) Os3Ru(CO)Yg( 117217 -MeCCMe) 1.48(3) 101
Cothz(CO)7(,u-CO)2(PPh3)(;14-7] - ”BuCCH) 158.4, 196.5 1.43(1) 102
(1] C5H4Me)C03M0(CO)6(;1-CO)3(;14 17’ -PhCCH) 1.43009) 103
(77 -CsHs)NipRe,(CO) (-7 77 -PhCH CHCCPh) 1.48(2) 104
(17-CsHs),Co;M0y(CO) 4 13- S)z(m 17 17-MeCCCF;) 142.0 1.455(7) 105
Co;Ru(CO)(,(/t-CO);(NO)(;14- 7 -PhCCH) 1.397(9) 106
3 C5H5)2CozRuz(CO)4(u-CO)2(,u4-77 17-PhCCPh) 152.8 1.414(11) 107
C03Rh(CO)g(,u-CO)2(/14 77 1 -PhCCPh) 175.8 1.42(1) 108
7 -C5H5)2C02M02(C0)4(y—CO)4(y4-17 :7-MeCCMe) 1.425(8) 109
Os3Ru(CO)12(,u4-77 A ?-MeCCH) 1.492(11) 110
Os3Ru(CO)12(;14-77 7 -Me3S1CuCCCCI:|C81Me3) 1.52(2) 111
7 C5H4(COMe))zCoZMoz(CO)4(ﬂ-CO)4(,u4-17 :1*-PhCCH) ‘ 1.456(5) 112
[IrRus(COY 1o p-CO) pag- 17217 -PhCCPh)J[N(PPlu)z] 1.443(6) 113
[IrRu3(CO)10(;[—CO)(;/4-17 A 2.PhCCMe) ][N(PPhs),] : 1.429(4)
[IrRu3(CO)10(,u-CO)(;14-77 i -MeCCMe)] N(PPh;);] 1.406(8)

(7] C5H4Me)2112W2(CO)4(;1-CO)4(;14-77 :77°-PhCCPh) 1.487(6) 114
(17 C5H5)C03M0(CO)5(/1-CO)4(;14-77 7] -(MeOOC)CC(COOMe)) 1.441(6) 115
(77 -CsHs)CosMo(CO)s(1-COY pig- 1 f 7 (MeOQOC)CCH) 1.437(4)

(77 -CsH;5)CoyW(CO)5(1-CO) sl ptg-17":77 (MeOOC)CCH) 1.442(7)

(7 C5H5)2112M02(CO)3(,L1-CO {CN'B)(1a-17°: 17-PhCCPh) 1.475(7) 116
[C03Ru(CO)g(/4-CO)2(,u4—)] i (EtO)3C3H(,NHCOOC2H4CCH)][NEt4] 1.378 117
or C5H4Me)Ir2W2(CO)4(,u-CO)4(/14-)] 27 ’-MeCCPh) 1.49(1) 118
[CosRu(COY o gia-17:77 -MeC( CH,)CCH)][NEt,] 1.39(1), 1.45(1) 119
[CosRu(CO)5(1-COY (s~ 17%: 17 -HCOCH,OCH,CCH) | [NEty] 1.404(3)
[CosRU(COYo(pa-17":17 -Me3SICI:ICCCSMe3)][NEt4] C 41D
[Co3Ru(CO)7(PPh3)(,u—CO)2(/14 172 177-Me;SiCRCCCSiMes) [NEty] 1.421(5)
[Co;Ru(CO)g(1-COYp(ptg- 72 1P-HCACCCSiMe,) [NEty] 1.43(1), 1.41(1)
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NG T SABRMBIVT =9 AT I+ 2 EEOEERIT

SR 20a, 20b, 20d %) THEEIZ RS X BSIEMITICK DS IC L. VI WikE
=30 °C THET 2 &Ik 0T Uzkiia AWT, BES X BlsmieT o/, Wik
Rigaku R-AXIS RAPID [H[#7 358 % fil V), Rigaku PROCESS-AUTO 71075 AMZ XD F—F 0B L
7o RTITDWTIE SHELX-97 155 A/ —2Z W, Patterson HEIZE DIV T 20 LR
T D MEREZ RE L. Fourier RIC K V5% DIEARFEIR T O FEFEZRE U7z, SHELXL-97 7117/ 5
LERWT, B/NCREHEEZITOEELL. 2 TOIRKBRRTEIESHEIERE L. 15 20a
D BY FEATOAREISPEE L TR, $iHA 20b, 20d O HAAE TPNTIE, 2 DOMILSFN
I Nz, KEPNT—5 EHESMZTable 3 - 2612 F L D7z,

Table 3 - 26 #5{K 20a, 20b, 20d DFE F2RT — & L RIE LM

20a 20b 20d

[Crystal Data]
empirical formula CyHagRuy CysH3Ruy CyHjsRuy
formula weight 722.76 736.79 694.71
T/K 153(2) 153(2) 123(2)
crystal system Orthorhombic Monoclinic Orthorhombic
space group Prnma (No. 62) P2/c (No. 14) Pbca (No. 61)
alA 13.0525(7) 10.6250(7) 10.1069(16)
b/A 14.9075(12) 19.8069(12) 36.534(4)
clA 11.0342(17) 21.9707(15) 21.314(2)
aldeg
fldeg 97.587(4)
7//de§
VIA 2147.0(4) 4583.2(5) 7870.0(17)
4 4 8 16

Deaiealg cm™ 2.236 2.136 2.345
F(000) 1400 2864 5344
41 (Mo Ka)/mm™ 2.767 2.595 3.015

crystal size/mm
crystal form, color

[Intensity Measurements|

0.600 x 0.300 x 0.150
prism, black

0.200 x 0.160 x 0.070
platelet, black

0.300 x 0.220 x 0.070
platelet, black

Diffractometer R-AXIS RAPID R-AXIS RAPID R-AXIS RAPID

Hrange/deg 2.30-27.48 2.99-27.48 2.99-29.98

limiting indices 0<h<16 0<h<13 0<h=<14
0<k=<19 0<k=<25 0<k=21
0<1<14 —28<1<28 0<1<59

26 max/deg 55 55 60

reflections collected 12025 43963 94531

reflections unique (R 2800 (0.0841) 10790 (0.0285) 12514 (0.0394)

absorption correction Numerical Empirical Empirical

max and min transmissn

[Refinement]
Ry, wiy (1> 2.00(0))
Ry, wR; (all data)

1.0000, 0.3870

0.0509, 0.1383
0.0540, 0.1420

1.0000, 0.5794

0.0232, 0.0497
0.0284, 0.0509

1.0000, 0.6264

0.0281, 0.0638
0.0339, 0.0663

Data/restrains/parameters 2534/0/149 10406/0/620 11421/0/558
GOF on F* 1.067 1.039 1.061
Aple A7 1.716,~1.211 0.622, —0.763 4.494,-2.305

133



EIE OBNTZUANFYERY PG ETINE D EDRIG

1) 884K 20a DiEE

84K 202 D4 T3 & Figure 3 - 21, Figure 3 - 2212 B/ & K & A% Table 3 - 271 R L 7z,

Figure 3 - 22 $44K 20a D5 FHEIE (& : side view, 45 : top view)

Table 3 - 27 $§{K20a DTSR, HEMA

Bond Lengths (3)

Ru(1)-Ru(1A) 2.8538(9)  Ru(1)-Ru(2) 2.7104(7)  Ru(1)-Ru(3) 2.7895(7)
Ru(1)-C(1) 2.088(5) Ru(2)-C(1) 2.113(5) Ru(3)-C(1) 2.141(5)
C(1)-C(1A) 1.527(11)  C(1)-C(Q2) 1.531(7)

Bond Angles (°)

Ru(1)-Ru(2)-Ru(1A)  63.53(2) Ru(1)-Ru(1A)-Ru(2) 58.233(11) Ru(1)-Ru(1A)-Ru(3)  59.234(11)
Ru(1)-Ru(3)-Ru(1A)  61.53(2) Ru(2)-Ru(1)-Ru(3) - 87.142)  C(1)-C(1A)-C(2)
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2) sk 20b DIEE
B4 20b D5 T-Hi % Figure 3 - 23, Figure 3 - 2447, L/ A K f G A% Table 3 - 2812 R L7z,

Figure 3 - 24 $8/K 20b O/ FHEGE (£ : side view, 45 : top view)
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Table 3 - 28 #6200 OESHEE. WEA
Bond Lengths A

Ru(1)-Ru(2) 2.71653)  Ru(1)-Ru(3) 2.8650(4) Ru(1)-Ru(4) 2.8160(4)
Ru(2)-Ru(3) 2.72774)  Ru(3)-Ru(d) 2.7572(4) Ru(1)-C(1) 2.065(3)
Ru(2)-C(1) 2.1273)  Ru(2)-C(2) 2.1023)  Ru®3)-C(2) 2.097(3)
Ru(4)-C(1) 2.185(3)  Ru(4)-C(2) 2.1243)  C(1)-CQ2) 1.513(4)
C(1)-C) 1.526(4)  C(3)-C@) 1.5204)  C(@4)-C(5) 1.526(4)
Ru(5)-Ru(6) -~ 27777(4)  Ru(5)-Ru(7) 2.89313) Ru(5)-Ru(8) 2.7480(4)
Ru(6)-Ru(7) 2.7468(4)  Ru(7)-Ru(8) 2.7387(4)  Ru(5)-C(26) 2.064(3)
Ru(6)-C(26) 2.1753)  Ru(6)-C(27) 2.1133)  Ru(n)-CQ7) 2.088(3)
Ru(8)-C(26) 2.136(3)  Ru(8)-C(27) 2.114(3)  C(26)-C(27) 1.500(4)
C(26)-C(28) 1.521(4)  C(28)-C(29) 1.526(5)  C(29)-C(30) 1.524(5)

Bond An,c_,r]e;s )

Ru(1)-Ru(2)-Ru(3) 63.505(9)  Ru(1)-Ru(3)-Ru(2) 58.057(8) Ru(1)-Ru(3)-Ru(4) 60.080(9)
Ru(1)-Ru(4)-Ru(3) 61.860(9) Ru(2)-Ru(1)-Ru(3) 58.439(9) Ru(2)-Ru(1)-Ru(4) 87.093(10)
Ru(2)-Ru(3)-Ru(4) 88.060(10) Ru(3)-Ru(1)-Ru(4) 58.061(8) C(2)-C(1)-Ru(1)
C(2)-C(1)-C(3) 126.8(2)

Ru(5)-Ru(6)-Ru(7) 63.158(10) Ru(5)-Ru(7)-Ru(6) 58.942(9) Ru(5)-Ru(7)-Ru(8) 58.334(8)
Ru(5)-Ru(8)-Ru(7) 63.646(9)  Ru(6)-Ru(5)-Ru(7) 57.900(8) Ru(6)-Ru(5)-Ru(8) 87.291(10)
Ru(6)-Ru(7)-Ru(8) 88.097(11) Ru(7)-Ru(5)-Ru(8) 58.020(9) C(26)-C(27)-Ru(7)
C(27)-C(26)-C(28) 125.8(3)

3) #844 20d DEE
SR 20d D4 T4 % Figure 3 - 25, Figure 3 - 2617, E/akE &5 O M % Table 3 - 2917/ L7z,

Figure 3 - 25 §H{F 20d D7 F#EiE (03T 2 23 F)
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Figure 3 - 26 841K 20d D FH5d& (72 . side view, 45 : top view)

Table 3 - 29 $E{K20d DELECE. HEA
Bond Lengths (A)

Ru(1)-Ru(2) 2.76506)  Ru(1)-Ru(3) 2.91074)  Ru(l)-Ru(4) 2.7841(4)
Ru(2)-Ru(3) 2.72614)  Ru(3)-Ru(4) 2.7646(4)  Ru(1)-C(1) 2.086(3)
Ru(2)-C(1) 2.108(3) Ru(2)-C(2) 2.086(3) Ru(3)-C(2) 2.070(3)
Rudc() 2040)  Ru@CQ) 21200) ___C)CQ) LS04

Ru(5)-Ru(6) 2.73754)  Ru(5)-Ru(7) 2.8929(5)  Ru(5)-Ru(8) 2.7837(4)
Ru(6)-Ru(7) 2.7183(4)  Ru(7)-Ru(8) 2.7905(5)  Ru(5)-C(23) 2.088(3)
Ru(6)-C(23) 2.119(3) Ru(6)-C(24) 2.114(3) Ru(7)-C(24) 2.065(3)
Ru(8)-C(23) 2.134(3) Ru(8)-C(24) 2.166(3) C(23)-C(24) 1.499(4)
Bond Angles (°)

Ru(1)-Ru(2)-Ru(3)  64.015(11)  Ru(1)}-Ru(3)}-Ru(2)  58.642(12)  Ru(1)-Ru(3)-Ru(d)  58.688(9)
Ru(l)-Ru@)-Ru(3) 63.277(10)  Ru@)-Ru(1)-Ru(3)  57.3439)  Ru(®)-Ru(l)-Ru(#)  85.772(11)

_Ru(2)-Ru3)-Ru(4)____86.907(13) ___ Ru@)Ru(D)-Ru(4) 58035000 .
Ru(5)-Ru(6)-Ru(7)  64.043(12)  Ru(5)-Ru(7)-Ru(6)  58.301(9)  Ru(5)-Ru(7)-Ru(8)  58.621(13)
Ru(5)-Ru(8)-Ru(7)  62.527(11)  Ru(6)-Ru(5)-Ru(7)  57.656(10)  Ru(6)-Ru(5)-Ru(8)  87.469(12)
Ru(6)-Ru(7)-Ru(8)  87.710(13)  Ru(7)-Ru(5)-Ru(8)  58.851(10)

Cp H% LN 7 & T BN 7 5 TBHED X B ARHTIE 3L 1Bk, BRESACHK
BINHME SN TWDDHLTHD ., VT2 LDORTITEAE 20a, 20b, 20d DEA)DOFITH L.
wingtip MEEEEL, #3.8 A TH V. ZFOMDEE-& BRI S M EMEHIIFE LRV, Ru-Ru
B R OB H 0, BHEVESIIVTROHEAKIZB N TS hinge BITHD . ThENn
2.8538(9) A (20a), 2.8650(4), 2.8931(3) A (20¢c), 2.9107(4), 2.8929(5) A (20d) TH o7z, D
wingtip-hinge FIBEREICIE, BEOKRELZETA 5NN o7z, hinge-Z84G 7 L > 3 WIREHE X
 Ru-C of A BEHEIC . wingtip-ZR48 53R BIBEAE Ru-C 2l S BEERICAE Y U7z BE T )13 2 R
BRI, 1.527(11) A (20a), 1.513(4), 1.500(4) A (20c), 1.504(4), 1.499(4) A (20d) TH 0. HEHDO 7
TF L OZEREE (120 A) KHANTAREHRLTED, FOEIIIRE-RABHE (1.54
A) ITEN DD L30T 2. ZORMBRO T £F L VBN 1L 4 BTG EEZ 5N20T,
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SHAK 20 1 60 EBTEHATH D, EAN HIIZHED ERALABEAITH D, 4 DOk FU FERA T
A 20b, 20d IZBNWTZDOMEERET D I EMNTE, 1 D hinge BIZRBRNLL . 3 DI
hinge-wingtip NI ZEAGHIAL L TV %, SRR 20a 1A 2R M 72 BRI OFFAEIC L O ArE e L
TR,

WUING 7 5 A BISRE DM EHI 2 5 & BHE 7 )V > iR M Ofs B BERE I I3 B B X
Z144~146 ATH D, INEHKTDE, HE 20 DRFET )L F 2 iRBEHR O SIERELE 512
0.06~0.08 ABEESBRINTNIONHENTHS., ZORKAOHRIIROL S ICHATE
%,

B U727 0V 2 & wingtip D& E OB, TV FDHEEEAOME, FRHZ 4R
NETIINFANOFERETH L, RRNETEBRL L@ TNVT > LOBRENETKEIMET
HHYE. MHLENRELRD, ZOLD C-CHREARIT C-C BFGHEHIOEDE, 7ok
OEWEIEEN SN TN D, NY T T BIRRIIZOME B, AT IVFN 12D) O
wingtip D& B SWHGEZIT DI TR0, BT IVF 2 REMOMEIERHIRE S M
BT 2b0DEBEZLNS. TOFEIEALYINVF L O/BE/ITHRBENTNL EEZS5NS,
$H1K 20a, 20c, 20d D C-C-R A (°) EZEKGRAMIEEE (A) %Table 3 -301Z. C-C-RA (°) DEHK
ZFigure 3 - 271C/R L7z. NS C-CRAZRLDERESMAP>THO, ZOFEITIF >
B TSR E RG22 ZTTNWE I LT T b0 TH %,

Table 3 - 30 $5K20 D C-C-Rf () EZRABHEBIER A
complex C-C-R angle (°) C-C distance (A) T g .

20a 125.8(3) 1.527(11) /

20¢ 126.8(2), 125.20(2) 1.513(4) R ] =Ry
125.8(3), 123.55(2) 1.500(4) R

20d 123.49(3), 122.19(3) 1.504(4) < /
116.37(3), 125.75(2) 1.499(4) Ru

&= C-C-R angle (°)

Figure 3 -27 C-C-R f (°) DEH

Stanghellini &5 V& -1 7 WK TR L2 TIIVF 222w b O, RFE-RFMIEEEE C-C-R )%
270y MU, FBE - T8 ZESROmEDOREH & FKZ Ty B U (Figure 3 - 28),
WS DONOEMNESNDELTNS, ¥ 20U 1) RFE-BEEIEE S C-C-R AEIZIIAH BN
HO, J/Lbbi?)b#/d)@ PMOEENEMLIEEE LD 2) Ty METIVF DT 54
BOKIZE D W ONOFIFIZA TSNS 3) £EOMIECEAEIIRICXI DEBII D7, @3
FETH 5, Figure 3 - 281Kkt L T, Table3-30% 711 v N3 E, BRIFRBEOMBIZEEST
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Bl D (REDM), Ik, $HEF 20 I3—RINBNS 751 Mgk L 0 &, pek-ik#H
MEBENEWZ ENDND, TNETOREFNL. ANRZNIIAY—BRETHD ZEN
Table 3 - 250 B30 D0 JIVARZ)VEAFIIET RGO 20, @EPLOBTFHEEZE T
DTENG, BT IVF AT G4 Cp HE EREIAL T & T D EHR 20 IZHARIE R L,
SR 20 ITHENI D EDIZ C-C BIEEABIR I N bOEEZ 5N D, K. Cp HE Tl
FEFT BN MMAOR T 15 A BOES HE SN TN,

-
T8
deg
170
o1
PRCL
180 Qs
[s1} os
180 10
27
O}?on .
on @
u Hon . - -
8
140 8° o d, "g P o
18 ng ¢v L4
noon © ! O"‘,,
o o, S 5
'ou
o LAY T¥!
130 o w0 M, Complex
51 Nty e
a O Complex 20
5t -
120 a]
2 " ]
nn
110
.
58
120 ’ 130 140 ' 150 A

Figure 3 - 28 [R35-HREMEEME & C-C-R M OB CTHks3M 5 51 %

AR 2013, 2 DOMIBE TR T 2 &N TED, T7abb5, itk (A) &LT, BLL
EM-CREBZRDOIAT T rnTunN ik B) L TRBTL0D2B0 THD (Figure3
-29)e ZOXBIVIIRAG B FR-RAMEETHWTT 2 OB & SN TH O, G5 20 TIXIZITHES
BIGENZEND. VAY T OTTSIE B) & LTHIK OBEYTH 5.

10 open circles, mononuclear complexes 17-type (1-26); closed circles, binuclear complexes u-17-type (27-50); tri-

angles, trinuclear complexes zi3- 17-type (51- -60); squares, tetranuclear complexes zu-77%:77°-type (61-70).-

139



EI3E OBNTZUAANFYHERY REBEHETIVF D EDORIE

R R'

R? R?
A (Jnéﬁ A
Ru'\’ u,/Ru R ~ 1—Ru
t\/>\~\R{|’\/H4 Q\/>\URU/\/H4 _
& <

zwcomplex (A) dimetalacyclopropane complex (B)

Figure 3 -29 N& 7 5 B HHE DR D7l
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EI3E MOGILTFoHLAFTYE FY FBERETILFVEORE

B7H TIXFOD=ZEHEADOUIE

EBERBSEE VLT LR L ORE-REZE[OLOUMIL, KEIOWERH B, ET. H
e R DGR % 2 IR Uiz, Fritch 51X, B/ NAINVR=VERE V7 == T 2T L
VERESED L, RE-REZEBADUB SN, a0 FERAZERHESCV ) DU
EBRERTHZ L2 AHLE (eq.3-19),

Ph
R /,/O /
C. C PhCCPh Cp-. _.Cp
3 e o +co (eq. 3- 19)
ch A X
Cp
h

King 513 Et;NCCNEt, & Fe(CO); & Db HHR T V% VEEERBERTHZ L2 R L,
NMR 227 hUZESWTZORERHEE L, 2 £ LT Pettersen 523, Z OSEAROREEIX
Fe)(CO)s(u-C=NEt), TH D L EZH LM Lz, 2 2 DOLEMEREMNICH A EERIT AR <
(228 A), RF-MEZEHMEATITIBI SN TWD (eq. 3-20), L2>L, T B OIS THESUSRE

BT RGO THARN,

Et,

uv OC\ CO
Fe(CO)s + Et,NCCNEt, ——————3» OC—F Fe/—CO (eq. 3- 20)

hexane oc” \u/ CcO
Et,

Z ¥R T, Shapley, Hoffmann &A%, pu-r77 FATEIAL L 72 7 0% V5K (57°-CsHs)sMs-
(CO)5-177-CoR,) (M = Rh, Ir) % Flash vacuum pyrolysis {2 2 9 500 ~ 560 °C TMET 25 &, [RE-
REZEHAOUBMNIEE, CRAZHERBT XY PUE (17-CsHs)My(1s-CR), BAERKT 5
TEERM U, P 503, Y59 Huckel SHELICHS X 147 TATEAL L 72 TV 3% U BUALTFAS
[EE L CRERAAIC 2 L B L BB LB, LR = VR TS RIEL I 2L L B
F-RFEZEIEG OYIW & VR = VBN T ORISR E | CAZEEBT LR Y DUk
BRI B & D AR5 L7 (Scheme 3 - 10),

121 Fritch, I. R.; Vollhardt, K. P. Angew. Chem. Int. Ed. 1980, 19, 559.

122 King, R. B.; Harmon, C. A. Inorg. Chem. 1976, 15, 879.

13 q) Pettersen R.; Cash, G. G. Acta. Crystallogr, Sect. B 1977, B33, 2331. b) Cash, G. G; Pettersen, R. G. J. Chem.
Soc., Chem. Commun. 1977, 30.

24 Clauss, A. D.; Shapley, J. R.; Wilker, C. N.; Hoffmann, R. Organometallics 1984, 3, 619.
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NF /7 - cp rotation of C;H, _ cpu. o motion of C,H, _ Cp., 7M“"Cp
m/ “’%/(7"" ~ : /i(\,\/
cp 6 Cp/ 8 cf 8 M
ya-nz-aikyne

motion of CO

H
" A
Co. /C\ wCp splitting of C;H, Cpo., wCp
M — IV(—— —m
Wﬁm\ c/ = o( \\
c 7/
p ‘/ H

bis-u3-alkylidyne

Scheme 3 - 10 =&AL COT X U ORE-REZESERKAOIW

PSSRV TS, TN TRE-RBZEFSEOWT 5508 RESNTHBEH, Z0
BIIROHN TN D, AT 2 2O% 7R Lz, Petillion, Muir 5k, ZE=U0 k7 L% VR
&RV R = VEER A RO S8, 9% Fe/Co 248 7 V3% 5K (17-CsHs)Fe,Cox(CO)6(1-CaRy) %
B LTc, TNEMEAT 2 &, RE-RBZEFOVEIW S, CAZERBT XY U Uphik
(7-CsHs);Fe;Cox(COY(1-COY(s-CCF), DMAERRT 2 Z L &R L, % Ot 2 X MM o &
DI H2NZ LT2 (Scheme 3 - 11), L2AL7eW b, [RF-RFBEZERA R ORBRIETH 28467
R VEEEROBEEIZA LD EIN TR, Eio, NRETITA BT VF U EEEEMEL T, &%
| P U b RE-RTHE G DTN SN B DT TRV, BIRIE (77-CsHs)FeCoxCON(1-CoR,) & I
7 (17°-CsHs),Co4(CO)y(1-CO) g1 1P-CF5CCCFs) ZMMEVL T, RFE-RZEZEM A O UMWk
P HRLTLE D,

p
Coy(CO)s(+-CaR2) reflux ' reflux R R
+ — > CpyFe;C0y(CO)s(1-C2R7) g
tol MeNo  (OCHCEY|7SCo(c0),
Cp2Fez(CO), octane oluene, Me;

ép

R= CF;, CO,Me

Scheme 3 - 11 U Fe/Co 224G T V% V8RO S Y & R FB-HRFE = EEQ UM

" Shapley, Churchill Hi%, # > 7 AT L A A I T ADLHEHRIN D REAEE NS K
(7P-CH)WOs3(CO)y, & T F v L DRIGET, T X VB - BAL LT T v 5 R
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(US-CSHS)WOS3(CO)10(y3-772-C2RR’) (A) 2O Uz, 88 A 2T 2 & IV ZIVEALFY
—MibRFE LT 1 TREES 2 EFRHZ, 7IVF BT D #-ik % BGOSR N,
EZZERIFET IVF U D 288E (7°-CsHs)WOs;(CO)o {15-C(CH,CH) L H (C) MERRT %, Fiz.
083(COYyoHy & (17-CsH)W(CO), {C(CHLCHy)) & DU S AR BNY 7 51 B 2 =BG
TIVFU DR {(17-CsHs)WOs3(CO) 10(15-C(CaH,CHy))H) (B) 2T 2 & §ifk A &Rk,
—ALREBEET % & FIRFIC O0s-Os 5 ADVER L. 8K C 252 %, Stk A D 58k C A%
2 FOBHERSIZ D W TEHNIZ S N Ty, 5 138K 20 SERED NS 7 5 1 Btk & H i
HELUTRTHBECEGADEMFEL TS, LML, 8K AN SHE C NOEZENLRED
BETERNERRTIND (Scheme 3-12), ' LLED XS, EESHEICENTHTIF 2D
JR - riaiﬁf LM SO Z 278, YW SIS O RERR VL 5 0 TR VY,

p
(0C) \il
2 l\

(oc@é\—ﬁps (CO)s

p

A R |\ R
i
(€O) s(CO)3

(0C);0
(0C)30 \FK@TS(CO)S o
e \\ // ¢o R = p-CgHyCH3
(00)3
B

Scheme 3 - 12 B AZEHUE 7 ILFYU D 28K (77°-CsHs) WOs3(CO)o{ u3-C(CeH4CH3) },H (C) DA

ZHUTK L Fehlner 513 UV-PES' 12k 0 £ 4%3/\)) R 8H#K D TP (Tonization Potential) %l
L. IR T 2@ BERICE 27 ILF > ORE-REMS DML, LIkmERE R &
PEBIRTN S OBEMBEE M-z%) 2RBH &R 0T L BEINIC T IVF Y D R T ANVER
THIEER U, P ZO#RIE Hoffmann 512 & 2k Hickel FHEEIC L 0B bR & —

125 (a) Park, J. T ; Shapley, J. R.; Churchill, M. R.; Bueno, C. J. dm. Chem. Soc. 1983, 105, 6182, (b) Park, J. T;
Shapley, J. R.; Churchill, M. R.; Bueno, C. Inorg. Chem. 1984, 23, 4476. (c) Park, J. T.; Shapley, J. R.; Bueno, C,;
Ziller, J. W.; Chu1Chlll M. R. Organometallics 1988, 7 2307.

126 Ultr av1olet ghotoelectl on spectroscopy

127 (a) Deshmukh, P.; Dutta, T. K.; Hwang, J. L. S.; Housecroft, C. E.; Fehlner, T. P. J. Am. Chem. Soc. 1982, 104
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Bz, ™ ol EMBE M-2%) OBERTIVF WEN L THSEBET O H
ZHEWMTHIE, BROYMBIZERE-7 TV DV REFOMBERANL DL TELYA
FEREDZEDRMLT N F OB R D RERZEBNH L% P PEICLDRLE. Ih
EOWREIONY 751 BOWIEEFF DS, TSI 350 T k- = Bl & VIO
DEE DO TH D EZEZ 5N, BB BH, &7 EF L2 EDRIE T, NF 75 BgH
RINB EAZEHBE T IVF ) D UMENERT 2 I ENH SN TEINE. P £, &I Ogino
SIX, Bk E R ZERIGATF U 2 V8K [(17°-CsHyMe)sFey(15-CO)o(145-CH), |[PFq, % 2 BT
LT BHE, CC HAENBRINT, NF T4 MEEHKT F L V8K (7-CsHMe)Fes-
(16-CO)tua-17 17 -HCCH), NERT 2 Z &R UZ (eq. 3- 21). 7 &z, TONF T I
DFFMITEK[RILT 2 2 & T RB-REZERHAVUM SN T, WEGREAZRRIBEATFY O
SERAERT B 2 EHWSNMI Uz, ZORISTIE. 2 BEETIC K DAL 62 BTk &
LA (supersaturation) &/22728. 6 BTHG-D 2 DOZEEEAT Y DV TN, 4 BT
GO ueit:f 7RF L VA TFANEET D 2 ETOBRMERE L T bDEEZ BN,
U U ZORIBIZBNW T RE-GeRE B O UM IR A AR ETH D, $BREICBITDT
WF AFHEOETINE LTE, —RITH 2 S350 EEN,

H ks H
. Cp' : H
el - Cp2Co 4‘_@!
"Nrc P2 Cp'—Fe— | =Fe—Cp'
Y e oK (ca.3-21)
ZN[/>¢o Air, NH,PF P N~ o
e\~ Y
' \ L]
Cp Cp' Cp' = 7°-C5HyMe

HIEIC, NS 751 BBV T =D AT )VF 80K 20 1. 7V B T8 4 D oRBIChT
B9 % 2 & Ty 0 HRE-RBBEEEA X < IR LT\ D 2 &0 X SEINT L 50 & 7x
. T DB MR LT B R AL, I & D SIS % T SIS 1B, AT,
NG T A BT 20 LT )03 8K 20 13N RIC & 0 E- R BRSO 5 &
W2, @B-2RHE RS U, WEEMEBE O 7 =0 A YA ZHEET )+ 2 26
21 NERT D2 E BB SN LTz,

. 1740. (b) Dekock, R. L.; Fehlner, T. P.; Housecroft, C. E.; Lubben, T. V.; Wade, K. Inorg. Chem. 1982, 21, 25.
128 (a) Hoffmann, R. J. Chem. Phys. 1963, 39, 1397. (b) Hoffimann, R.; Lipscomb, W. N. 7bid. 1962, 36, 3489.
12 (a) Franz, D. A.; Grimes, R. N. J. Am. Chem. Soc. 1970, 92, 1438. (b) Franz, D. A.; Miller, V. R.; Grimes, R. N.
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2-TF U DRFE-REZBESYIN ~ERNTVALERZEBREBEIFY S UHBBOER~

§H4AR 20a % 120 °C T benzene-ds 1. 'H NMR TRIFZE(LE BT 2 &, §5K 20a DD L &%
IZBR IR 15a DERDPTER S N, 15 BRIRICIZ 2 THR 15a N EZL L7z (eq. 3-22). 'HNMR X
R MIVOELDRETF & Figure 3 - 30iZR Lz, ZNEKD. NI TITABT ) F KD T )+
Ay FABEET 5 L, VI ARY —NTRB-REFANTBENTND Z &AL
ETEo Tz,

e
G‘R\Q%%Ru/ﬁ _ HaC /7\ s eq.3-22)
Hy \

g
20a 15a
I Cp {15a)
Me (15a)
Cp (20a)
Time (h) v . Me {20a)
1_5___ S [ [0, SOV, g S Y JL_A ISR — -
sty 198
8o ||l 1
5.5 )
3.0 J
Oi .uLl e
o A
5.0 T 40 3.0 (ppm)

Figure 3 - 30 #K 20a OMEYL R ('HNMR A% NV, benzene-d)

FRk/S B Z . DT IV F 2 ThR L.

1bid. 1972, 94, 412.
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§84k 2a & 1-RUYFUOMBRIE ~ORINT =D LERZBRER TV D EEOER~
BEfK 2a & LRUF U E, BRT L RMBGET 2 2 & THREEE 20 OB ZHRELZOE,
gz 11T 80 °C TMEL /2. 31 BeMRICIBZR TS, YW FhI6ruvhbI5T74

Tk AR UIZE TS, 2O ERZ. 1| DIINY 751 BBV T2 L 1-X2F 2
§H1K 200 T, HD 1 DIFWEBEN T U AEAZTEHEER D FU D VR (17-CsHs)Ruy(1s-H)o-
(15-CCHo), Q1) TH o7z (eq. 3-23). INF T T A BIEHR D e FR- i Fok A A N RL 7
ZULZEHBEEAFU D -ZEEET T DRI < ERLAN o,

@
1 .
R 1-pentyne C4H C4H
- penty 0 N
REN] \ / H Rigih/SRu
I_I/“R‘u benzene-dg, 80 °C, 31 h 4 % H2/ “ (7
s P> @
2a - 20b 21f
(eq. 3-23)

SHOR 21F 1%, S HITEIR (120°C) TRIGEH DT ETINER LIS (82%) BT 5 Z LN nlRE
HD (eq.3-24), ZORIBIIFEXINT, ik 2a &7 2FL > OMBRIEERLTH D,

< P

1-pentyne

Ry C4H C4H
N\ 4Hg 4Hg
L0 = K/’W
E\j H/‘Ry benzene-dg, 120 °C, 94 h %RP‘?',,];/’R”?? (eq. 3- 24)
6 C > 12

2a 82% 21f

1-RUF 2 DR E-RF=BEEESVIR

WV I AZEEBAT Y D U-ZBRETF U D UM (7-CsHs)Ruy(us-H),(1-CH)-
(15-CC3Hy) (21a) 13, NY 7 A BRI T = s 1-R2F 8K (200) OINEUZ L0 ELN D,
$H1A 20b % benzene-ds ', 90 °CIZMNELT 2 Z &1L 0, 142 BRI RHIZE RITHE S 1,
TWVIFHIAIARNT T T 4 —THEHT D2 LI2E0, §ik 21a 2R E L THL
(cq. 3-25), SIS L7200k 20b 200 BT, BARDGRIZBHIC /370 o 72,

l
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O A “"
CsHy
SO e
R Ha benzene-dg, 90 °C, 142 h |-|2/ i/ <\7 (eq. 3-25)
20b 21a

2-RUF Dt fr-HK % = B A VIR

BBIK 2a & 2-ROTF U, MIVI BB, 120 °C T8 BERIMBM L= & A, IR AITHE
BICEN Uz IV T HISLIORNT ST 4 — Tt - BT &I kD, UILT=D
AEEBEEIFU DL SEEETOEY UMk (17°-CsHs)4Ruq(163-H) (13- CCH;) (143-CC,Hs)
(21b) ZUNER 74% TH7= (eq. 3- 26), AIGIE. 80 °C THEITT DM, EHEBRMINY 754
BRI TH D,

/ Q 2-pentyne HyC /R\ CoHs
LR e > 3& A
! R toluene, 120 °C, 58 h % I-(.Fﬁ“/ & (eq. 3-26)
0 2
2a 74% 21b

ING T T A BV 5 2 2 F R 20e DIMESOR 21T > 72 & T 5 (benzene-do K
80°C, 39 I§f)), #H4Ak 21b DA S (eq. 3-27)e I T I F O RBEET HHE. T+
W ERETIISDHEI TS 2 I D W TIRGEE T 5720 8K 20c &V 7 22N T EF L&D
SRS ERA Uz. 80 °C T 20 BEMMA L 72 & 25, §ifk 20c 135821 E ST, #ik 21b O
BINERL TSI EZ 'THNMR AT ML SHEZR L (eq. 3-28).

“Rui Ru™ < Hy CaHs
< - TN

/
cl/=R
R-CI benzene-dg, 80 °C, 39 h % :75“/ ”<\g (eq. 3- 27)
2
<7

20c 21b
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- Q PhCCPh HyC CoH
0 Ruc/)\ll‘,u, \/Ru/ .~ // \\ 2Hs
/ A
Ré”“ benzene-dg, 80 °C, 29 h %R?ﬁ"/ ”& (eq. 3- 28)
2

20c 21b

1-7 2 ZI-1-TOE VDR FR-RE=BHEESVIE

$HIK 2a @ benzene-dg IRHRIZHM LT, 2 BFEINRD 1- T2 2)-1-7OEZMNA . 80 °C T
IBEMESEZ06, BETFTTREEZEE, TV FHhHIL0RNT 5T 4 —TRED 1-
T Z)b-1- 70 2R EFFHIHH ERE L, WEOV T 2D AZBREN DY D EH
BIGLT VU D B (17-CsHs)aRug(u5-H)a(a5-CCH;)(1-CCslls) (21€) % HAHEINER 75% TH/z (eq.
3-29), RUBFRHIZHBWT, cis-PhCH=CHMe |2 < 7)1 (56.05,6.57,J=7.6 Hz) DIBIER S
N7z, trans WIZBH L TMMO T T IV E B 5720, BHRT S5 EITERN o, fifk 16d
O benzene-dg VEIRIZ, BREED -7 2 Z)V -7 OE & MA, 80°C T 23 K L/=& 25,
PRI 21 AR U7z T &5 | SR 16d 138EME 21c ZART B KIBOHBKRTH 5 2 &R0 o
7z (eq. 3- 30).

@ Lo
PhCCMe H, /'\ P
Ru\/ \7 CR_ \
H benzene-dg, 80 °C, 133 h % "?.Fiu/ ”& (eq. 3-29)
6 C> A LI
<
2a 75% 21c
Ph ©,
PhCCMe N N (eq. 3-30)
’r/ 7 Q > Q&---ﬁm
Q benzene-dg, 80 °C, 23 h % H/.ﬁu/ <\7
2
ﬁ g
16b 21c

P71V TF U ORE-REZEEHS I
$ER 2a D benzene-ds IRIRIZKT LT, 2 BN BOP 722V F VL U &ENAT-, 120 °C T
0 BRRIGSE2be, WETFTTHELEE, 7INVIFTHIAZARNI T 7 0 —TREDY

148



BIE ORILF=YANFHER) RBEEET I+ EORIG

TrZIWTEF L ER< EEBITHEAEBREL. B T2 UL EAZBREER DU DU
& (17°-CsHs)aRug(us-H)o(1-CCeHs), (21d) % BLERINER 54% TH77 (eq. 3- 31). ARIRE 80°C TH
HEFT Uy $HA 21d 2 REFRINERTH A 5. OG%E 'THNMR 2 WTHEIFT 5 &, cis-AFIR >

WWEDS T I (6647) WEERIN/Z, trans-AF )N R ANTDNWTIE, O T EEi D
2%, WERTHIEETERM /. IHIT, @ik 16b EPT )T EF L 2 EDREER
zt7 o7z (eq. 3- 32), i 16b % benzene-ds ', 80 °C T 86.5 IfiNELd™ 2 &, ik 21d D AN
Boni.

d 5
A PhCCPh Ph Ph
\
//\7"% . VA
[E;Ru77LR” ° RN 3-31
e benzene-dg, 120 °C, 30 h %Hf'ﬁ“ & (eq. 3-31)
<
2a 54% 21d
/ <z G}l
R PhCCPh Ph Ph
,r ,Ru% - /\\
\ RS \/ Rlxl/Rug 1
Y RP: benzene-dg, 80 °C, 86.5h %HZ/'R'u & (eq. 3-32)
\uovg
16b 21d

WBRT £F U ORE-RE=BE AV

ING T T4 BNV T = LT 2 F L R (-CsHs)sRug(1-H)a (- 17 7-HCCH) (20d) % fill
Bd 2 ET CCHAMYBSNT, WL T LA EZA=ZEHEBEAF U DU (177°-CsHs)s-
Ruy(zi5-H)y(25-CH), (21e) ZMERRT 2 2 & B R UZz. $5K 20d @ benzene-ds 1AK% 120 °C T 65
SRIINELT B &, B & U TR 21e VERR L7z (eq. 3- 33).

H o
H (d |
G\Ru Ru/ H /
Q}l& /\/H R/ —\Ru
ij ‘ benzene-dg, 120 °C, 65 h % H”? 7z \0 (eq. 3-33)
2
\ w4
20d 21e
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EBIE OB TZOLNFHERY RBERETIVF 2 EORIG

MENT =V AERAZBRETIIVF Y Dk 21 ORE

O EAS EEMET VE Y DRI HNMR, UC NMR X2 b VEE ORI &
O U7z, Table3- 31, Table3 -32iZ '"H BL U *CNMR AT M F—F &R L7, 'HNMR
ART MVIZIE, B RY REAEHICED S TP K25 —14 (1112 2H 53 OFES R E 2 £F
D—HRE UTHEIN 2. ZBERER D) D UM TFEA T S0 21d 135-13.06 &£61 F
JERBLSMNICBIR Sz, SR 21b, 21e IZPWT, ZHEBRBRBICHE L AFNHRICE D>
TFIE. PLEs3S5 MEICBERIN. Kz, $HF 21a, 21e D AF Y D ENL T OKFITHD
ST FINVIE FNENS14.84, 1075 IR SNz HTFWNITHC T IIVF U DB FEHT 2
SEIR 214, 21e, 21F 1, Cp FITED S T FIVIN, 2 IO T T )V & UTEMICBER s N, S
Mi72 7 IVF U 2 VBT & T DK 21a, 21b, 21c TId. BOME 2:1:1 O 3 FEHO > T
ELTBIgaINk.

PCNMR ARY MV, ZHBRERB IR LI ATFNVRICED S O TNV, BEZ653
WElERIN, ZEEEHRBRICED I TFNIE, BLE 6300 ~ 310 ITHEINL., Cp ik
T T FIWIE THNMR ARY RV ERRRIZ, 2 TFRIZFECTIVED) D UM 2aT 254
W 2FEO T TN E LT, EFMAREMNTERETIHEICE, 3fMEOS 7 E L THE
TN INEDARY BIVT—FE I T 20 AZERELF U 2 2 8HE 14 (AR B 2 i),
W T = AEZAZERFLT ) D 0K 15 (AEE 3 H) 0% 7 MEEHEBEL TS, [
BRAPIEICHR SN TH O, iR 21 DGR 200 TH 2,

Table3-31 EAZEEBT I D ED 'HNMR X7 MLT—4 (dppm)

complexes RuA  4-CCH; u-CH Cp sol., temp.
(17°-CsHs)aRug(16-H)a(115-CCH3), (152) -14.42 3.56 - 4.54,4.94 CgDg, 1t
(7-CsHg)aRus(z-H)o(13-CH)(13-CCsHs) (21a)  —14.37 - 1484 466,497,502 CqDg 1t
(P-CsHg)aRus(zi-H)(13-CCH) (165-CCoHs) (21b)  —14.25  3.53 - 458,491,497 CeDg 1t
(17°-CsHs)Rug( 13- H)o(165-CH3) (13-CCeHs) (21¢) -13.82 3.66 - 4.43,4.97,5.03 THF-dg, 1t
(17°-CsHs)Rug( 13- H)y(115-CCoHs), (214) k -13.06 - - 423,518 THF-dg, tt
(17°-CsHs)Rug(15-H), (15-CH), (21e) -14.70 - 10.75 4.54,4.69 THF-ds, 1t
(17°-CsHs)Rug(1s-H)a(1-CCHy), (216) ~13.83 - - 463,494  CgDg tt

Table3-32 EAZEEBTNFY I UHARO "CNMR AT VT —4F (Sppm)

complexes 1-CCH, 15-CCH, Cp sol., temp.
( 775-C5H5)4R114(;13-H)2(;13-CCH3)2 (15a) 52.5 309.8 78.2, 84.9 CsDg, 1t
(7]5-C5H5)4Ru4(,u3-H)z(;13—CCH3)(;13-CC2H5) (21b) 52.6 310.0 78.1,78.4,84.4 CsDg, 1t
(17°-CsHs) Rug(165-H)o(155-CH;z) (115-CCHis) (21¢) 53.1 303.4,312.5  78.1,79.6,86.4, THF-dg, 1t
(17-CsHs)aRuy(1-H)o(13-CCeHs), (21d) - 305.1 79.1,87.4 THF-dg, tt
(17°-CsHs)aRug(15-H)2(113-CCyHo), (216) - 318.9 78.7, 83.7 CeDg, 1t
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mENT=
B4R 214,

THHET 2 Z EICK O Uc Bt iR @ 2 DT, B
13 Rigaku R-AXIS RAPID [EH7it &
B U7, T2 DWTIE SHELX-97 707 5 L/ o —2 % Hn,
LFFOEERE % PE L. Fourier

75 e

21d, 21f D 5 2E

EIE ERNTF=oLAFYERY FEEETIVF 2 EDORIG

DAERZBRETIVF Y O EEOIEERT

21f D FREE T

WT. /N RETE 21T

o HH

Table 3 - 33§34k 21d, 21f DR EZENT — & & ISk

BRIT X DD IERHE

E i X AAEEAATIC R O S A0

IZ U7,

21d 21f

[Crystal Data]
empirical formula CiHyRuy CiyHyRuy
formula weight 844.88 804.90
7K 183(2) 153(2)
crystal system Orthorhombic Tetragonal
space-group Pna2, (No. 33) 14/m (No. 87)
alA 18.664(3) 19.031(6)
b/A 10.7143(19) 19.031(6)
c/A 13.783(3) 15.997(7)
aldeg
Pldeg
y/deg
VIA 2756.3(9) 5794(4)
VA 4 8

Deaiealg cm™ 2.036 1.845
F(000) 1648 3168
4 (Mo Ka)/mm™ 2.173 2.061

crystal size/mm
crystal form, color

[Intensity Measur ements]
Diffractometer A%

A range/deg

limiting indices

26 yax/deg

reflections collected
reflections unique (Riy)
absorption correction
max and min transmissn

[Refinement]

Ry, wRy (1> 2.00(1))

Ry, wR; (all data)

Data/r estlams/palametels
GOF on #*

Aple A3

0.400 = 0.200 x 0.150
block, black

R-AXIS RAPID
2.64-29.98
0<h<26
0<k<l15
0<1<19

60

33603

4495 (0.0238)
Empirical
1.0000, 0.8020

0.0159, 0.0372
0.0161, 0.0374
4165/1/382
1.185

0.665, -0.829

0.500 x 0.140 x 0.110
block, black

R-AXIS RAPID
3.33-27.26
0<h<24
0<k<24
0=<1<20

60

24602

3363 (0.0461)
Empirical
1.0000, 0.6964

0.0440, 0.1108
0.0561, 0.1171
3348/0/168
1.073

1.338, —0.982
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BI3E IRNTZUANFYERY REBETILE Y EORIS

1) 8k 21d D Fils
BEK 21 O4) T3 Z Figure 3 - 31, Figure 3 - 3217, R/ai5 A K4 8% Table 3 - 34102 L 72,

Figure 3 - 32 $iH{k 21d D5 F#5E (£ : side view, £ : top view)
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BIE OBNTZIAANFHER) REBRETLF 2V EORIE

Table 3 - 34 $5K 21d DX E. FAH
Bond Lengths A)

Ru(1)-Ru(2) 2.6614(5)  Ru(1)-Ru(3) 2.7345(4)  Ru(1)-Ru(4) 2.7381(4)
Ru(2)-Ru(3) 2.7386(4)  Ru(2)-Ru(d) 2.7135@)  Ru(3)-Ru(4) 2.7138(5)
Ru(1)-C(1) 2.040(3) Ru(1)-C(8) 2.0322)  Ru(2)-C(1) 2.034(2)
Ru(2)-C(8) 2.037(2) Ru(3)-C(1) 2.001(2) Ru(4)-C(8) 1.991(2)

L C()-CQ) 1.485(3) C(2)-C(3) 1.402(3) C(3)-C4) 1.393(4)
C(4)-C(5) - 1.378(5) C(5)-C(6) 1.386(4) C(6)-C(7) 1.391(4)
C(2)-C(7) 1.395(3) C(8)-C(9) 1.485(3) C(9)-C(10) 1.406(4)
C(10)-C(11) 1.387(3) C(11)-C(12) 1.391(4) C(12)-C(13) 1.372(5)
C(13)-C(14) 1.400(4) C(9)-C(14) 1.396(3)

Bond Angles ()

Ru(1)-Ru(2)-Ru(3) 60.829(9) Ru(1)-Ru(2)-Ru(4) 61.242(12)  Ru(1)-Ru(3)-Ru(2) 58.191(12)
Ru(1)-Ru(3)-Ru(4) 60.337(8) Ru(1)-Ru(4)-Ru(2) 58.441(11)  Ru(1)-Ru(4)-Ru(3) 60.206(10)
Ru(2)-Ru(1)-Ru(3) 60.980(9) Ru(2)-Ru(1)-Ru(4) 60.318(8) Ru(2)-Ru(3)-Ru(4) 59.691(11)
Ru(2)-Ru(4)-Ru(3) 60.608(7) Ru(3)-Ru(1)-Ru(4) 59.457(12)  Ru(3)-Ru(2)-Ru(4) 59.702(11)

2) stk 21f DS FHEE
PR 21F D4 THEE & Figure 3 - 331T7R U7z, £ 7. 854K 21f O side view, top view ZFigure 3 - 34
W, B G R, MEMAZTable 3 - 351" L7z,

C5

ca

Figure 3 - 33 -$#{f 20f D4 THEE
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EIE MBATZUANFYERY REBETIF L EORIE

H2 - -L_

Figure 3 - 34 $i#{K 21f D7) TH4IE (/4 : side view, £ : top view)

Table 3 - 35 $5k 21f O XA E. BE5A

Bond Lengths A)

Ru(1)-Ru(2) 2.6374(11)  Ru(1)-Ru(3) 2.69219)  Ru@)-Ru(d - 2.7103(9)
Ru(3)-Ru(3A) 2.6831(14)  Ru(1)-C(1) 2.017(5) Ru(2)-C(1) 2.009(5)
Ru(3)-C(1) 1.965(5) C(1)-C(2) 1.492(7) C(2)-CR) 1.506(3)
C(3)-C(@) 1.488(8) C(4)-C(5) 1.532(9)

Bond Angles (°)

Ru(1)-Ru(2)-Ru(3)  60.433(18)  Ru()-Ru(3)-Ru(2)  58.44(2) Ru(1) -Ru(s)-Ru(3A) 60.111(17)
Ru(2)-Ru(D)-Ru(3) -~ 61.124(18)  Ru(2) -Ru@3)-Ru3A) 60.332(17) Ru(3)-Ru()-Ru(3A)  59.78(3)
Ru(3)-Ru(2)-Ru(3A)  59.34(3)

%Wzmgnmmﬁ%@%ﬁéﬁg\2@KN>VU9>M&?‘&P?UV>Mﬁ%ﬁEE
BUERML L T OB TH D T L 2WH 5N L7, Ru-Ru [HEEHEL. $H4F 21d TIE. Rul-Ru2 [
i HE < #ik 211 T Ru3-Ru3A BV R B E WV, Ru-C MEMHIBEZ2 ATHD, RuC o
FEEIZAHY T ST H o e, BRI SAILIZIER T 60IZIEN I &N G, fA T 7 I3IEmE
HHRIZ R L TWD ZEphd. =ERERAREENL, ZhEh 3.08 A (21d), 3.04 A 21f) T
HO. WAOMEHEERIT WSO EEZLND, INLD, RERBZEFEAVDI TAY— 1
TUW N ZENHASINTH S, 50 FNIZ2 DFAET D R REEALFIE. BEbic k0 i@
ZRE U T2 LA=IRTFN 6725 = RICZEHRBEEAL L TW S 2 EEH SN U,
STHERED side view B RD E N F oI AEEBRETILFE D D URED SBRIND RuCy
E&‘W%:@A&EFUF%ﬁ?ﬁ%%%éh@kmﬁﬁmﬁﬁﬁﬁfﬁb\:m$bw?:
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EBIE MKILTF=YANFHERY FERETIVF 2 EORIT

UL RY RRMT TIVFD P URBIIFIELHEEZBRL TNV I ENRND. ZHUd,
RN T LT R TE RY Rk 9 & X<HBILMETH 5.

W TE I S
PRV 52 AR 1Y Rl 2a ENEBT IV > & OHEE RIS T

1. BETNF VT #EEDOERK (Scheme 3 - 13)
SEAK 22 127 NVF BN L, o TIVEEEERBER LS & Ru-H EHADFARBIZ L
0o EZ)VEERNERT 2. HENTEZVED Ru-H S NORAKRIZL D, MBIV T
WG 2-TNF VT U8 (16) WERT2HDEEZEZEND. o EZIVERKRN S OEITHIH
BSOS T, 7 TIVF R TIIR<. 7 d L7 ¢ DEMERAERT 2720, o TV SN
5o E IV E G2 5 ROSIIIERSETH 5,

@: CpRu 16

Scheme 3 - 13 4K 2a & NI 7 ) > OHERE SSAEE

2. NI T7SABABRNT ZOALT IV VEEOEREERAZBRBTIVEY DU BIEOER

(Scheme 3 - 14)

SR 16 205 IEERSIC K 0 oo U Z)VBRAR SRR U W TR ITHINENIC L 0 7 T L7 ¢
DR EERT D, OB BKE2-TF U T R 16b. 2R 2-X2F ) T UEHE 16¢ 1, B
IVAED ol i T VR VEDS, BRICHARISEGT B DK Uy G 16d, 160 12, ofificid =
ZIVEPHG T B RPICHELAT2MBOTINF & AL Ld LT ¢ 205l L7 4
RN S D, TIVF AR USRI Ru-H S ANORARINCED, o222V
HREZEER L, BNT C-HEEGREIW SN, -7 PRI IV F 8% A RT %, RN
U727 V3 -7 SEATRAL N & ps-rf s EIERALICEAL L 2O BT, TIVF o2y MR H
B LICBIIT 5. CHUIScheme 3 - 10°THE ST NS SREHED USHBICRE > . ZHBE
TlIRF-RFZZHEEGVUI I N0, WA TIE 4 DORBIZX D T IVF O NLELEN
L=, BOBBR-SBEAORFICE D, 7IVF Q- LIS/ 0 . NY T 51 Bl
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FIE ERZNTZOANFYERY REBEETINFD ORI

WTFZDLTIF R 20 ZAERT D, SRK 20 WIMBIC KD @B- RS OEE & RE- IR

FREOUWPNEE, WL T LAEZAZERET IV F ) DK 21 ZART D EHEIN
% (Scheme 3 - 14),

3 4
il At RY—==—-R?
LY T v
Reductive :
R1w Belimination elimination v RI——r?
— »
~ = N
H4/ H4/ wz 4
16 H - H
R®=Et,R*=H;R®=Pr,R*=H
R® = Ph, R*=Me; R = Ph, R*= Ph
C-H bond
Insertion cleavage
———————
_—
Ru-Ru bond
2Ieavage C-C bond cleavage R2 :E R
{ Ru-Ru bond formation Hf

Scheme 3 - 14 #5416 22 SEEK 20, 21 2 492 HeE DS
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F4E OBINTZOAANFHERY RSEHREF L T4 v BLUPI Y EORIG

FAE OBINTZULNFHERY REBRHEF LT 4 Y BLUVPIY EORIE

E1E RE
CITFLIRTRELVIERLDET AL T 4 Mid #RA AR OERERTH D,
ETOAMEFER DR 30%ETF L 2B E LTS, ZOFERSRICIIBIES <
DOEBEEHEMENMERH INTVNS, AFT i 5K UL 7 ¢ > 0fliE, KHEL.
B, FUIv—k, E RO UMb, B Rofl )b S0 RENLEITH 5.
ZOEIBTETOLRTHNENTNEBBRSBEIEIT, RICHEIMATH 5. Bk T3
ZL< DRI INE TR L NIV THLNMISNTE TR . TOAREITTIZL TN ER
T2 2 EWHRERBMICE D DDH S, | L L., EHEBRSEMATIE. B0 .ON
FOSIZBEG T2 Z ENHSDERISRIIHTH 0. RIBERET 2EMICIEE > TH RN, 20
RS EEBRESBHE ST LT 4 2V EORIBERRIGL NIV THENMI LTINS Z EDWNE
Thb,

WGER S LT 4 ORI L ZREIBEEE TITEEAERN BT A I T LT
NI B RU REME Osy(CONHy EF LT 4 ORI Lewis 512K DRFTINTNS,? N
ANFEe, BRA L T 4 D EQORISTIRE ZNVEHERA R T 5, EZ)VERIINEIC & o ik
FOEST L, SEATEALEE T IV 8RN ER T S (Scheme 4 - 1), Tk DS GAREE T )L F—
DORERF VT 4 2D C-HIEEOUWRISIE, B
B L IR0, BT OEBORBTOCE  0s,(CO)H, — XHs
0 SN ERETTO CH # AN 5 - & WA
WHEMIEI Nz LML, BIVRZINT S AF H>=<H '
—ERBICB W THEREAOMENRZ 2 Z &0

S

LIFLISBER S N5, Lewis 5. TORILF= 4 . .
b R REHE RuHy(CO), &7 0F 75720 v . As\/\{: A _ OAS\;{I:‘
R TIE TR 721 Tl 7 < SALSR KD AR x: . 3 (s
— =12 —
BT EEWE LTS, ARSI R" e Rl R

FGAE—EF VT 4 2 EDRISBNTIRE <
MR LT LT 40 DR ED L DITHE LI N

Scheme 4 - 1 Os4(CO)oHy &AL T 4 > DRI

' Crabtree, R. H. The Organometallic Chemistiy of the Transition Metals 3 Editon, John Wiely & Sons: New York,
2001. .

2 Bhaduri, S.; Johnson, B. F. G; Kelland, J. W.; Lewis, J.; Raithby, P. R.; Rehani, S.; Sheldrick, G M.; Wong, K.;
McPartin, M. J. Chem. Soc., Dalton Trans. 1979, 563.

3 Canty, A. 1.; Domingos, A. J.; Johnson, B. F. G; Lewis, J. J. Chem. Soc., Dalton Trans. 1973, 2056.
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FAE ERNTZOLNFYERY REREAL T U BLUPI YV EORIE

L, AR RE <EINTWLIONERTH S, KOEBEOHETIE. LT 2 ED
FOSIEBIREENTNS, 8 - ZBME L TOF L 7 ¢ OB DOWTHE T 5.
THREEAR T, AL T DM LD, BETS@BHR.ONICED CH BENUEENn s
ZETHE INTWS, Ting HETHY DI IERETF L EORIBMNG, Y ZIVE
ZIVE RY REEENEENDZEERLE . * ZORIGTIE, 7024 —/)N—%5 I 0 1k
VT H AR mﬁbfmmw_&#%;éhfw7oit Fryzuk 53, ZEOPIADE R
U RSHAE ZF L 2 ORURING, FRROBEZRDMEZINE R REFEGR L. * 28
WTFZOAF RS R REHEETF L D EDORIENBSE D EZIN-ZF L U ERT %
EUdEE 1 ' 2 iTREIR U e,

= /\

[:}KFK:]——————*—[:RhR

Scheme 4 - 2 —KBEE L TOIF L > @ C-H # &YW RIS

CHEERE T, FAAZIUAL T UL, LZULASBEIZOWTHREINTWDS, ZBF A
DARANRINT S AE—EF VT 4 2 EDORIGIL, Deeming 5. Shapley 512 & 0 I HR G
I N7z, Deeming HIFZBA A I DA BT H AR ZINVEEE O0s(CO)y ETT L DRGNS,
EBARAIVLEZ DT UMRE, 2 oaR T2 EORIS Ty U)-2 7 a R F Uik E
AR U7z (Scheme 4 - 3), ¢ Shapley & 13 Os;Hy(CO)o 48 Os3(CO), K D IRFUZRETH L 74 > %
BT 2 ZENTE, O (COYy ELTF L 2 EDRISTIIEZIVEEADER L, & 512nEk
THZETEDY T AN ERT 2 Z RSN L (Schemed -4), 7 ZTiEK D Os;(CO)ia
DRISTH VIR 2@ U THET T2 2 EARB Sz,

* Ting, C.; Messerle, L. J. Am. Chem. Soc. 1987, 109, 6506.
5 Fryzuk, M. D.; Jones, T.; Einstein, F. W. B. Organometallics 1984, 3, 185.

. % a) Deeming, A. J.; Undehill, M. J. Organomet. Chem. 1972, 42, C60. b) Deeming, A. J.; Undehill, M. J. Chem. Soc.,
Chem. Commun. 1973, 277. ¢) Deeming, A. 1.; Undehill, M. J. Chem. Soc., Dalton Trans. 1974, 1415. ¢) Deeming, A.
J.; Hasso, S.; Underhill, M. J. Chem. Soc., Dalton Trans. 1975, 1614.

7 Keister, J. B.; Shapley, J. R. J. Organomet. Chem. 1975, 85, C29.
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FAE EBNLNTZOLAFYERY REEREA LT+ VBLUPIY EDORIG

N ethylene \
o Os-\'—\ 0705
2 Os

od——-0s octane, reflux H

heptane, 150 °C

»

A s
thylene
H e H
5< = =~ r Osi— Qs
>/

—0s — O ~Os
H 40 h, 25 °C, hexane H octane, reflux, 36 h

Scheme 4 - 4 Os;H,(CO) g ELF L 2 E DRI -

Shapley i3 Os;Ha(CO) 1o (A) & 711> T F A
VEDKBT, ERY R7IVFIVEEE (©) 234
L H R\/OSVOS\H
L. ZOERYRTIVFLEE (C) i34 7 alkene \(V/‘F B ‘W
A ERIESEBE, EDIVE ®) BERT . lkene .
B EEHOEMI U, £z, TOEK A Bl /CH\ /\
EUT R T2 05akE . BIECSETT O~ R~E°S<H_/°s
A H C
5T EMS GKFEIT 50 psi), —HOD K GHER#IT s
Scheme 4 - SO L DITR/EIN TS, ® KB, D ‘\\
o os alkane
WG E LTHEEIN TN S, - | Hy s
alkene D (\
Hoffman » 3. Z 1L Z U L {E Res- o H .
,Os
(u-O'Pr);(O'Pr)s IR EBIBEIC L D B R Y REHE H;f(\' H
AR L. ZOMKET LT 4 > & ORIETIE E
ARSI O, TIFENSERNERT S22 % Schemed -5 0s;Hy(CO) g EF LT 4 2D
CHBDITL (eq. 4- 1) Y7 N = et y N 8 I

¥ Keister, J. B.; Shapley, J. R. J. Am. Chem. Soc. 1976, 98, 1056.
? Hoffman, D. M.; Lappas, D.; Wierda, D. A. Organometallics 1997, 16, 972.
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AR OBV T_OANFHERY REEEFTL 74 v BLUVPI YV EDRE

LB L TND20, SHEERER S TWB, FSIZEE L TS0 1 DOSIEH L
DHTH D,

Et, P'Pr

ipr \ ipp
ethylene
o'rry OPr ipr o'P R emoipr
\ 7 I\"’O / opd OFr \

o'pr

pr O\ fr — ipy N Pr
- (eq. 4- 1)
OlpGE==— 8 mglpr olpr e molpr ; .
; { . i : B Pr
O’Pr/ O'Fr \O’Pr O’Pr/ L V5 isobutene L\’:.O
' +acetone \ 'pyi .
o'pr e Smg’pr
; ! )\
_ O’Pr/ OPr/ o'pr

MBIEZBN T ORI E R REERE 1 BIA L T 4 2 EDRIGERFT L7 (Scheme 4
-6) 1B TFOF LT 4 EKFEINT DI & TRMARIMBRERL, FL T4 2 ONTFZD
AR, BHET 572 Ak >T CH RAUBET D, 448 =L B & 750
ILIZEET S 3 DHOINTZUAIZE DT CHEGUWZ 2T, /B2 5 R4
T 5. BEE VT OHBEIIE DU F UM T OB IRBICHEET 2KFD 1,2-BHic L DR
MU, - (D-7 VF ik &7 D, BRENESWEAIE. 27 ONMORFERERR L
FESRDME 53, AFIVEO L EX a7 OIMUD RFED B USRS sz, - T FIVFED
SR 2HEEORAYME L THRANTE .

=I/R

R
Hﬁ&" 2 CH,=CHR o | “ﬁ
) \ » Cpz, \I,',u/cp* - Cpl, Nt Cp*
&é@% R)‘\ /\ C-H bond cleavage :%R\Z“r

H——Ru—H
CH3CH2R
Cp* Cp*

2 =

|
A 2 GHp=CHR H/RQ\ R
N o Y Mo ~Cp* N\
H bond cl WIS :
C-H bond cleavage H——pf—4 }lv?u\
Wy CH3CH,R H
Cp*
80 °C (R = Ph, Bu)

Hlﬁgm

CpX ’é =R~ CP*
Ri Ru™
Cp Cp* N\ /)

R 80 °C
. (R = Me, "Bu)
Cp\R}_Q: ‘H_\liu/cp* + Cpig )ﬁi Y —Cp* .,
= 5

Scheme 4 -6 =BV T2 ANRIAY E R RERE 1 BRAL 74 2 EORIS

O W FR A, SEALERC, HOKLERE, 2001,
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BAE OHLTFIOLAFFE K RBRET LI A VBEUSIVEDR

DX IR AR TR

o DS RO T B e %,

SRR LT b DA L
L DBERAERIC EaT, ALY R
ORI C-H A BT A H/ﬁy
~H)

VARN
@ﬁ#é:eﬁwamménrwéofégé;ﬁ?%{
ElemE., BROEEHALT =Y A \\\\\\\

Ny F e U REER L BRI SRR
kK3 & ORIR %R L7z (Scheme
4-7), " ZORR, XHEMFTH &*

o Comdb L WHMTCONHEIIC L qypme 4 - 7 Zpas=pante p e KD Relith 2 SHRELR
0\ EROBPERE LI BHR g s

FOSHEDBE WAL B Z EBH BN

W&z, B O YA XD/NE Ry 7 ua~F Y P OR4A BRREET T2 20OLT =
U LT BT 5 Z L XY RUSHICER 0 A F 1L, C-H A 08Il ;tD,u3 i
BUBSERERT S, 2R LT, v run~nr iy vrudriddxzy A rFrDk

SWHBEOY A XDBRERGE, Cp* b OMERBIZEI Y Vb UTRIGBICITERVIAEN
PLAVT 4 LTRIS Uy - (L)- 7 v V8RN ER LTz, 20X oic, BIMEEY
EDPUSERFT D Z LI L0, $EEREIRGO YA RIZOWTHRERD Z LB TE D,

B3 ETIE, WEAT =T bAA~F Y R SR 2a & T 0F UORIGICEBNT, 4 DD/VT
=V LERH LI L SHENREMC LY, BRRENHTTTAF D C-H, C-C G DYl
HEITTHZEEPOMNCLTE T, T UITEBRRS T TH Y | R RIS id‘bf?b
WORAENDLN, FVT 4 DX _EFGEZAT HFEHEIRGFTiE E0LHIT F%Wﬁ
IR L CED AT, FEA OTIBTE = 2 Ok, HBREVGCRFRE CH D, Ei, MED
TR b WIZER A DRSS 3, =82l WEERIGS & 3 ORISR EH 5 2 L2 6N
Uiz, fRax e RE SOEE & ORISOKRFHZ L Y EORINGEP RGBS T2 00, 756
HOYA KFEDL BORENT 2 HICOWTIEREBD 2 LN TE B, £, TAFLV TR
NIEfER & AbETERT D I & TSRS ORI SV THEE R RO b D, £ 2T,
ARETEMER 22 LAV T 4 VB IOV E ORISR L,

$hf 2a LERA VT 4 EDROGTIL, WEENT =0 DBRIGE 2-T L% )T 8RR R T, &

o) EA Ao, BT, BULTEKRS 1994, b) R BT, 20 EAITEAE, 2000.
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RN BE T =0 AZBIET V% U O USHENERT D, 51K 2a L BRUR R AUk D
BUSTI, FHEIC K- T CH, C-CHEAOTINR. Ru-RufESEIMNIC X 2 B8 A SUS S HE T3
50

B2 DBILTFILANESE R REEREERA LT 1 & ORIG

Ptk 2a LRMA LV 7 4 VEDRIGEE LT, Tub Ly, -RUT Y AFLY, AF LUy
a7 8 ORISERT Lic, TORR 846 2-7 4% ) F Uk e ZHEEB T LX) Vv
PEARNAERT D LB R Lz,

1) 8k 2a £ O EFLVORI

PER2aDT T FuT7 I CEREERS®, ek 3 REEAL, 80°C T 48
B L 7o, WWIROEITBEAP S, BRI BL L, MET B2 EL T, TAIT0
FhZu~w NTTT 4 —THEE - BT EZ LT, WEAT =7 MG 2-7 0 v ) F gk
(17"-CsHs)aRug(u-H)o(1s-H)(-C(CHa)) (16a) & MU E% L 7 = &7 I Z B 4L 1 ARSI g 7 RS
(17-CsHs)Ruy(e-H)s(1s-CC,Hs) (19a) % Z IV EHUHIEINER 40%, 27% T1H72 (eq. 4-2), W T ho
¥ NI T T 4TIk, $H1K 16a, 19a DIE TR I3V TE 72, $5 16a 38 LU 192 130 & 2
BE DB, PATLRF R Fu 75 U B TH B, S5 162 & 19 TG 192
DT RSB BE D WARME IR,

5 . P A
/Ru\ .,/Q propylene /r/Ri\ U/Q . 'C\R%—- —,Ru—g
R

) - W /

%R /‘R7 . MR "NV (eq. 4-2)
HY u THF, 80 °C, 48 h W, u ﬁu
ﬁ Lo
2a " 16a 19a
40% 27%

2) ik 2a £ 1-RUF U EDRIG

BEMK 2a b 1TV ORIS LIRS Ui, 85K 22 O MLx VIEIEIC 3 {FELBED 1205
VEMZ, 80°C T 8 IFHMEA L /o, BHEOAIXBIREAD DIFIRA~E R LT, BUET TR
EEELC, FAIFHTILs0~v NI T T 4 —Thllk - Ml 22 Lic kY, WEAT =7 4
YR 2 F YU T UG (7-CsHs)aRuy (- (- H)a(i-C(CHR)CsHy) (16¢) & PO/ =0 b =
BB~ F U OV (17-CsHs)Rug(u-H)s(15-CCHy) (19€) & TN EHUHBENER 32%, 10% T
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7= (eq. 4-3).

> <
Q 1-pentene % Ru\ C ?
/ - ,r/ s “’Q )
7 \ W t g (q. 4-3)
toluene, 80 °C, 8 h H ~Rf“0 7
4
g o
2a 16¢c 19¢
32% 10%

LK ZE<T 2 &, 8K 19c OINREZM ET 3, ik 2a OF ~ S RO TS ERKRIZ
BENVED 1-RFT&MA, 80 °C T 65 KM Lz, BWIEFTHEEZEEL T, 73T
AILIARNT T T 4 —THk- **%%@‘é ST LD, BHE 19¢ 2 BERIN R 78% THR7Z (eq. 4-
4)0

Hs

D) / 7Q 1-pentene N GR5 u_9
0

THF, 80 °C, 65 h X (eq. 4-4)
Lo
2a 78% 19¢

3) §hik 2a LRF LV EDRIS

A 2a EAF L D ORIBERF Uiz, 8K 2a O MO WIEICH LT, 3 ENVROAF L
S ENZ 80 °C T 48 BEEINNEL Uiz, KO EAIZEEREH B IEREAICE Ui, IRE T T
ERELT VIVIFHI L0 NI ST 4 —THHlE - HETHIEITED, MBIILTZD A
Z8KG 2-7 = TF U T K (775—C5H5)4Ru4(;1—H)2(ﬂ3-H)2(,u-C(CH3)C6H5) (16f) LI T U L=
BYNG T = 2 F V) DR (57-CsHs)Ruy(1-H)s(15-CCH,CeHs) (196) 2 ZNE N HEEINER 17%$5
LN 38% Tz (eq. 4- 5)0 $H1A 16f 33 L UBER 19F 13X > ¥ NTIIERATH 20, VI oF
Mo RO RSB TH L. VIV F AT LADOR T T T 0 —TlIshE 16f, 19f DIET
BEINTE
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—~ Ph
. Ph <7
Ru styrene % __Ru C Q
N ' ) JRE==RuT
A 7“% o ’V7 — U’Q + 5
- Ru\/~ /R“< - AN 7 (eq. 4- 5)
ul Ry toluene, 80 °C, 48 h /Ry r1-u
~ s o> oA
2a 16f 10f
17% 38%

4) $8k 2a L AF L ORTI VORI

PO AKRFB BRIl nF L T 40 2 EUT, AF Lo onTy o EORINERG Uiz, SEF 2a
® benzene-dg EIRIZK U IBRBEDAF L 270078 2 Z2MA, 80 °C T 60 limEL L7z, ik
EFNTHRREBEL T TIVIFASLAIOR NI ST 4 —THRMT LI &Ik, ZEHREY
WY DU (7°-CsHs)aRuy(1-H)s(15-CClly) (19g) # UK 60% Tz (eq. 4- 6). ARIE%E 'H
NMR % B VBER U 72 A%, MRS S niah - 7z,

<2
2 -0
HY u benzene-dg, 80 °C, 60 h 5N 6
£ &
2a 60% 199

I T =0 L5RHE 2-7 IV U T 884 16 DRE

VUKL T 20 NBRKE 2- 7 OV U 7 S 8A1E. 'H NMR, BC NMR AR 27 LB I OTTEIHIC
KOFE Uz, WV T 20 LGRE 2-7 )VF U T2 8K 16 138HE 2a &7 IVF 2 EORIEM S
AT 2 EEBITRLTNWS,

1) $#4& 16a DRATE

SEIIZBT D HNMR AR 8L Cp FicED< & 7 INds4.16, 444 IZTEHTRELL 1:1
O2FED T T I E U THEMICBE SN, b B FREATFICHED < &7 FH)Vd 4H 305
MEEZGED 2 BEO 70— R I ELT-14.94, —13.80 IZHZI N, AFIVHICHED <
L ITFINEL SH S ORERRE R D —Hii & LT63.05 IKHZERE Nz, PC NMR ZX2Z7 ML
i, 6542122 DDAFINETED S TIIVOBIER SN, 5186.6 ICRIERFNTHD T T
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RSNz, 2 KOTHBE NMR 27 MLVERIET 2 & HMQC AXRYT MUTHBWTE 54.2
E8:3.05 DT T FIEICHENRH B Z ENH SN ETRD Tz,

FRICPBWTEHM® 16a O KU REAMA T 70— R UTHESINS B R REMTO
IERERBALEREHNT 2 E & bic, PEERICOVWTERTHIEEHANE LT, BETE
'"HNMR A7 MVERIE Uz, R toluene-ds 2 V=, & R REMLTFO T 7 FIUERE
RIS L. 90 °C T 1 O T FNELT, £EBRICENSEL. -50 °C T low
temperature Limit {3 L, SRS ME 28D 2 O V)L & LTHESI N, Cp HDv I
WIZRRZE BRI N o Fee ATFNED T T FIVIIERICHEWL, BIAME L T < BT8R
R/INZ., ZOLRY REMOARZ FLOYIal—ia Y Efok. ? #RECHITLE
HOHE k2 h—T T 4w 54 27128 0RD Byring ONITRAL B/ FIERI 21TV, EHAL
INT A—=H —EAS* =-6.7+0.4 cal/(mol-K), AH* =11.2+ 0.1 keal/mol EHH U7z, 5K 16a D
EWZE'THNMR AT M b Ny 2 ab—2 a > O R %Figure 4 - LR U7z, 8K 16a O
b RBY REA T, IR D XS O R, 2 D= I ZHRBRAM L, EO O
2 DRBET DY F BT OB L 728 E R UM OB ORI L TV D Z &4
Nolz. EIRMITIE, CO2/OE RU FEAMAFDIEFHRICEER INS, SRMITIEE FU B
BEALTHEOYA hRHUZE D, 4 DOk RU REMLTRNEMICBRRINZbOEEZ N5,

2 ¢ NMR version 4.1 by Cherwell Scientific Publishing Limited
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1
i
I
363 K A k = 46000 s

323K e K = 6500 &'
208K k=1300 s
213K o~ o k=200s"

P

§ !
i ! .
253K i I k=40 s )\ L

;
i \ - -1
223 K ,..s/l\ H’);\%Ww . k— 0 s JL J!
g y S | [ [ [
-13 -15 =17 -13 -15 -17
{ppm) .
observed simulated (ppm)

Figure 4 - 1 $i#4K 16a DIEERIZE HNMR AR”7 ML (B RU R, &) BBy Ial—ar (H)

2) $ifk 16f DR

SRR 165 13D FRICEI 26 L TH0, BRITHIT2 'THNMR ARX7 MUK Cp Hic o<
DOV RSB 2:1:1 O 3 FRED > J )V E L T4.01,4.52, 462 IZHR I Nz, 72 Z)b
FEOKBITED U T FIVIE 6§7.01 BTG 72517 122 DIESBELTHERI N, TV MM
DY T FIVIRIEL U TSNz, AFINIITHED S T FIVIE, 63.2812 3H 53 OFRI HREE
EROVIFIINELTHEEIN, £ RY REMTFIZED 7N, 6-1478 BLT-12.77 12
O MREE L 3:1 O 2 FRED S VIV E UTHIRE N, BC NMR A7 MWL, Cp gD
STTFIVEIEEDY V7 F )& LT70.3,70.8, 75.8 IZEIR S, MG RHKFIT6179.5 ICBIgRx
Nice 7 ZINRICED T FINE6124.5,1269, 1289 BLUN165.9 [TBIR XNz, AV MI
DirFIZ MOT 2 ZNVHD T T F T HRFOMENNES <, BAER Jen DiEEHE T2 Z
EWTERN D AFINVFICED S T FINES50.7 ITHR I N/-,

peFE L KRFEOHBINL, 2 XICHBI NMR AXR7 MVERIET 2 Z & gLz, HMQC A7
FIVIZBNTAFIL L& 50.7 - 6,3.28 D T FIVEICHBIZERS S, 7 = Z)VFHId & 124.5 -
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&1 7.01, & 126.9 - &17.25 D 7 F )V EICHBENBIER S N e,

FHAR 16f IIZIRICHBWNT, B B R TFB XTI MLOKRIZHED < 7S IVANRIRIZE
WINKD, RERZE H NMR A7 MVERIEL, BiZEEE8iR Lz, & Y RRMT
.K%ﬁ<&ﬁfﬂﬁ%mo?ﬁﬁ@%ﬁma@3@ﬁ@>ﬁ%»&bfﬁ$éh‘%ﬁmwm
AL 90°C T1REEO S )L UTHIERE Nz, TR 16a S FBIC, & R YU REdAT
BOYA MRMIZE DO TH D, Fioo 7z ZIVEBO S T FINIZENTEHIV MLOKIRN,
~50°C T2 fHO —HEF & L THEIN, FRICHEVWAIE L. 90°C T 1 FifEO —HEHRE L TH
VAN, AFMOKFEIT0C TIE, 1 FHOZEBE U THRREI N, BRICkEHwWITn—R=
> Ul =50 °C T2 MO =EHE UTHEITHEEIN, 80 °C TlE I D 2 MHD =ZHFHHN
PRRA L TR I N, NI MOKFICEL T, REEICED 7 I oZEdsgan
7o jz. B R REAZFO 'H NMR AT RV, ZRETRUTELZBE - T NVFIFT
R 16 & X< PTV D, ZORRIIEAE 16fDE RY ROMEBERH -THD ZEERL TV,

T ZVEBIC BT T T IV OB, RBIERE-A TV REHEGHOEEEEZ D IET
HATES (Figure 4 - 3). T/2b b, ERTHEHEERE-1 7Y REBOHIOREIZELD, )
FBEOAZ N ORBIIEMICREIND, LiL, ‘h%&)ﬁé?ﬁé:&L:ckblﬁlﬂiiﬁi‘ﬁﬂ%ﬂéh‘
FI B BRPAY QLDOKFKET D 3 KITHIZRALIEDEND S IFFHMITREEIN D, ZOXEHII,
SEMK 18c THREIREIN TN D,
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/‘I'
A S B L 0 363 K - AN
| 333K P N S -
! i
333K o S LAY 303 K »
0 273K T, W
293 K - SR WO | WV ¢
v
253 K JJw“x AN
273 K oo e _,__,.r—».‘wn‘/\‘_j_lb‘
|
I
23K e ,u% W
|
¥
243K o eI
| | |
' DT W
223K J\J. J ] 233K vt !
j
F
|l
193K i v— "“*-vl—»"‘”‘“}t ‘”Ut"l - 193 K st g e Wl

Figure 4 - 2 ${K 16f OIRJETZ 'HNMR A7 MV (K7 = =)V, AR:E RY RO 7))

02““ o\“‘
@4|>@ o= |>@

CH,

low temp. high temp. Q:cpRu

Figure 4 -3 $#4K 16f O 7 = VA DR EELIC KB EIE (BIsbo-D, ZRLUMHEEL TWiW)
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MBIV T =0 LG 2- 7O E U T 8k 16a DS

SHIK 16a DOIIE 2 HLES B X S MTIc L oIz Uiz, MV BKZ-30 °C THHET
%I KON U2 BESCRKE S E A WT, BilE X ST 217 > 2. JZI Rigaku
R-AXIS RAPID [A #7235 # % V), Rigaku PROCESS-AUTO 7/ I AT KO F—F WML 7=, 7
HIZDWTIL SHELX-97 7075 Ly &r— % HW, Patterson 1EICK IV T 20 AR T O JE
fEPE L. Fourier SRIC K D B2 IEKE R T D EEZ e L, SHELXL-97 71173 A%k
WT, B/NREITEZITAER(L L. R TOIKERTZIEESHMITER Uk, 88 16a 05T
R4 Z Figure 4 - 417, #55PHNT —% CRESHZETable 4 - 11T, ERRBEE, #EAZTable 4 -

PA NN DY el

Table 4 - 1 $H4K 16a OFEFFT— 7 ERIE S

[Crystal Data]

[Intensity Measurements]

empirical formula CypHagRuy Diffractometer R-AXIS RAPID
formula weight 710.75 HOrange/deg 2.49-27.42
7/K 93(2) limiting indices ~-11<h<11
crystal system Monoclinic -21<k=<21
space group P2y/n (No. 14) -19<1<19
alA 8.9397(2) 20 na/deg 55

b/A 16.6027(3) reflections collected 20890

c/A 15.0634(4) reflections unique (Rin() 5202 (0.0281)
afdeg absorption correction Empirical
Pldeg 98.8540(9) max and min transmissn 1.0636, 0.9159
y/deg

VIA 2209.12(9) [Refinement]

Z 4 Ry, wRy (I>2.00(D) 0.0259, 0.0589
Deaiea/g e 2.137 Ry, wR; (all data) 0.0283, 0.0598
F(000) 1376 Data/restrains/parameters ~ 5009/0/289

4t (Mo Ka)/mm™ 2.688 GOF on F* 1.220

crystal size/mm 0.100 x 0.100 x 0.100 Aple A 1.239, —1.066
crystal form, color cube, black
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Figure 4 - 4 ##A 16a D7 FHEiE

Table 4 -2 $E{K 16a O XS E, HAA

Bond Lengths (&)

Ru(1)-Ru(2) 2.5052(2) Ru(1)-Ru(3) 2.8231(2) Ru(1)-Ru(4) 2.8841(3)
Ru(2)-Ru(3) 2.8665(2) Ru(2)-Ru(4) 2.8235(3) Ru(3)-Ru(4) 2.6358(2)
Ru(1)-C(1) 2.076(2) Ru(2)-C(1) 2.072(2) C(1H)-C2) 1.519(3)
C(1)-C(3) 1.517(3)

Bond Angles ()

Ru(1)-Ru(2)-Ru(d) _ 62.989(7)  Ru(l)-Ru(2)-Ru(d)  65.216(7)  Ru(l)-Ru(3)-Ru(?)  52.242(6)
Ru(1)-Ru(3)-Ru(4)  63.676(6)  Ru()-Ru(4)-Ru(2)  52.059(6)  Ru(1)-Ru(4)-Ru(3)  61.325(6)
Ru(2)}-Ru(1)-Ru(3)  64.769(7)  Ru(2)}-Ru(D)-Ru(d)  62.725(7)  Ru(2)-Ru(3)-Ru(d)  61.578(6)
Ru(2)-Ru(4)-Ru(3)  63.235(6)  Ru(®)-Ru(1)-Ru(d)  55.00006)  Ru(3)-Ru(2)-Ru(d)  55.187(6)
Ru(1)-C(1)-Ru(2) 74.32(8)

BHK 160 112 DOV F I AR L. BTN YY) F UMK T 26T 2 BETH D 2 & EHER
U7z. Ru-Ru BIREHEIC IR O SR 53,2 DO G & 4 DO BRGNS A EMR L T,
RS E ZRBEAL T OTFET % Rul-Ru2 M &2 NERUNONMEIZDH D Rud-Rud BT, 2D
HEETFNZFh 2.5052(2) A, 2.6358Q2) A THok., BREAIEIED O Rul-Ru3 (2.8231Q2) A),
Rul-Ru4 (2.8841(3) A), Ru2-Ru3 (2.8665(2) A), Ru2-Ru4 [#] (2.8235(3) A) THolz., Zhid. FE
BEIA 22 IZB WA NI KT %, Rul BIRu2 & 4HEHFE & O 2.076(2) A,

20720 A THY. Ru-CofiBICHYT DM CH oMz, & FY RN TOMEL, 4 DIFET
| DERUREMTOSE, 2 DNZROFIIC RGN L, RO 02 DORGT O EY 7 i
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MFOEM UEBERUNOMBOBITRBEAM L TN, 2O B REMFOMER. BE
AIZE 'HNMR A2 b JLOER & FJE LI, |

ZERBTINFVD UEEORRE
1) $8ik 19a DRAIE

SEAK 192 1= HIIEA L THB 0. 'THNMR ARY MUTIE Cp BicED < & 7 IV asiEs ik
JEEE 31 Q2 FEIED T T IV E L TE4.72,493 IZBIREI /2, B R RELTICHER D T
1. 6-15.63 12 SH 3 OFERE R D —ER E L THRRIN/Z. RO AFNREIHE DT
TS 131 I 3BH OB BEEFHFOZHBME LT, AF L ARRIZEDI ST FIVIEs 4.03
12 2H 5 OFEBE 2 R DM EMR & LTRSS Nz, "CNMR AR ML Cp iz T< &
TrHIWVIR2 DT T IV E LTS T3.8, 19.5 BRI NIz, Fz. §319.6 IC = HLMEHRFITH
DL T FINBEE SNz RIDAFNHIZFED S T FINVIES188 1T, AF L ikFEids59.1
IR ANk,

SHEB IOV DU T EE T DAL Cambridge Structural Database Tl 7 AR &
NTV53, ” ZOHFTNMR ARY MVF—% g N T S8E, 725 RTILASE R L7z
CHNFIUACEEBE AN T ¢ REZERETOE ) VUK O NMR ART MLF—F &
Table 4 - 3IT/R U7z, SR 19a ST 2 & ZHEB B TH LS BORBPIZ X D 2D DENE
BENDH, 7IVFINVBILIFIFTRRRSALEICBIER IN TN S, ZHUd. 8 19a OMEZ R T
2HDTH 5,

Table4 -3 =HEHF I OE U D KD NMR AXRY ML Tr—4 (Sppm)

'H NMR “C NMR
complexes -CH>- -CH, 15-C -CH,- -CH; ref.
(77 C5H2Me2(C2H3))Fe3(,u3 CC2H5)(CO)8 5.30 1.93 345.6 56.9 22.3 16
(77 -CsMes)sRus(3-S)(1-H),(14-CC,Hs) 3.21 1.31 318.3 48.3 18.1 14
(17 -CsHs)Ruy(p-H)s(145-CCoHs) (19a) . 4,03 1.31 319.6 59.1 18.8 this work

2) §8k 19c DRAIE
SR 19 =il 2 A L CHB 0 HNMR A7 VT Cp ZiCH T O 7 FHIVSE aE

13 a) Ng, Y. S.; Penfold, B. R. Acta Crystallogr., Sect. B 1978, 34, 1978. b) Bino, A.; Gibson, D. Inorg. Chim. Acta

- 1982, 65, L37. ¢) Buchholz, D.; Huttner, G.; Zsolnai, L. J. Organomet. Chem. 1990, 381, 97. d) Jeannin, S.; Jeannin,
Y.; Robert, F.; Rosenberger, C. J. Organomet. Chem. 1993, 448, 151. ¢) Hong, F.-E.; Tsai, Y.-T.; Chang, Y.-C.; Ko,
B.-T. Inorg. Chem. 2001, 40, 5487. f) Hong, F.-E.; Huang, Y.-L.; Chang, Y.-C.; Chu, K.-M.;Tsai, Y.-T. Appl.
Organomet. Chem. 2003, 17,458. (e & £ D HRIIFE CEERIZ DWW TOHE)

YLk BET, B RUTTHEKRE, 2003,

'3 Adams, H.; Bailey, N. A.; Gill, L. G; Morris, M. J.; Sadler, N. D. J. Chem. Soc., Dalton Trans. 1997, 3041.

16" Aime, S.; Milone, L.; Sappa, E.; Tiripicchio, A. J. Chem. Soc., Dalton Trans. 1977, 227.
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31 @ 2 FEO T 7 IV E L TS4.74, 494 IZBIER I NIz, SR 19¢ 13X F E RY REAERTH
D, BERY REMNTIZEDS T FIES6~-15.62 1 SH 5 ORENRE THREI Nz, B RY R
N OBRKERERB L O BINBE 2 8523 5729, KRBT 'H NMR AXZ MVERE Uiz, #ilE
PRIBEIC VS tetrahydrofuran-dy 2 L. 95 °C ¢ '"H NMR X X% PV ERE Lz, CpHBIUE
RU REMLFIZE D T FIVRRIAICBRR I NN, 2T D ko7,

Crtoyobk EFHINEZZERTIIR, AANBB /Y — 2 B XN LEMTHMS
Nz, 2R C-CHADOHBEENEE/ZWDIZC L2207 70 koo k>
W UIEFMTH D T ERRBL TS, ZHUL, TIVFIVEHE Cp HEDIMARKIFEIZLDHD
TH% (Figure4 - 5).

FHEOFIE UT, MR ZZV T2 AR B RY b & TnEF o M) veRicedE, 7
OEI A 2 B8R (7-CsMes)sRus(1-H)3(15-NGHy) 2R L Z D THNMR AX 7 M UZHEWT,
LD AF U VKRFBICHMET 27 FI)VS ANBB Y —2 EUTHREIND ZEEREL TN

%, ' Ink o, BEE C-Cp #MEOAMMENREZ SN E, TORKIE CprHkE DI
RFBCLDHDTHDHEL TS (Figure 4 - 5),

c <
3 3 5
Cz& CZ/C\C4/C
CP‘RU\—' —Ru-CP +> Cp"Rl\t 7R Cp
U ul
/ A
Cp/%u Clc'Iiu
p Cp
19¢
Iv
C
?(;Kﬁ ¢ N
N ’ /
Cpg | ~Cp* Cp\ | Cp*
ip* Cp*

hydrides are ommited for clarity

Figured - 5 $548 19¢, =720 AT OE) A 2 REEDO T I & Cp/Cp*#h & DR KFE

TR N, BRI, RRIT HER, 1995,
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BCNMR ZRY M, Cp BicHD < ¥ IV 2 D > 7 )V & L TS73.8, 79.6 12,

WRRIRFICHED T FIRs 3171 icBlga gz, TIIVFINVEUTED S T F)IUE. K

£ D 6514.9,24.3,36.5,67.3 ITBIR I 41, KFKEOHBIE 2 XocHBI NMR IZ XL O HE U7z (Figure

4-6),COSY AR M VITBNT, 8 1.09 - 64 1.57, &1 1.57 - 81 1.09, 1.76, & 1.76 - 8 1.53,4.13, &

4.13 - & 1.76 D7 IVENCHBEWNBIER X Nz, HMQC AXRY RMINZHE W T & 14.9 - & 1.09, &
243 - 65 1.57, & 36.5-64 1.76, & 67.3 - 64 4.13 O 7 F)VEITHHBEREHE = iz,

Figure 4 - 6 $54K 19¢ @ 2 JRIT NMR A7 N)b (£ : COSY, A : HMQC)

Ei%*ﬁ/\o ‘/3’“ o ‘\/ﬁgﬁg & L. Pietrzykowski 5z D (7]5-C5H5)3Ni3(ﬂ3-CC4H9) ﬁ‘#ﬁlﬂ:l:é
NTND, ® S 19¢ & (57°-CsHs)Nis(15-CCHg) D NMR AR N5 —# & igd 5 &, 131F
MU LS 7 MEERLTNWD Z ERDIND,

5, 14.9, 5,1.09 5, 14.6, 8, 1.09
5, 24.3, & 1.57 5, 23.5, & 1.66

8 365, 4 1.76
5 67.3, &, 4.13 &, 57.6, & 3.69

Oe 317 J. 295.4

5,382, 4210

R

H?"— T

'1

Figure 4 -7 ZHZBER D F ) D UEHED NMR AR MVF—% (Sppm)

18 Pietrzykowski, A.; Buchalski, P.; Jerzykiewicz, L. B. J. Organomet. Chem. 2000, 597, 133.
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3) $&ik 19F DREE

SRR 10 VR 3 M 235, o T, 'H NMR A7 MUK Cp iz D o 7 Vg
SIREELE 3:1 T64.63, 492 IZBIR ANz, T ZNHOKFICH D T FINF. §7.09, 7.20,7.35

WEREIN, TORSENS 1 D TFOAFL VNERIC0AEN I EEHR L. AFL >
KFWZHEDS T FIIE, 558212 2H DN BERZ R O—ERE L THRI N,

BCNMR 247 MW RREHRFICET S 2 VI8, 5309.6 KBRS Nz, 7x=))
HEOBRFIZHE D T FIIE 51257, 127.7,130.6, 145.0 ICBIR S . f5 S L7z/KsE & olifsid.
HMQC AR NNZEDPE Uiz, Fiz, Cp RUTH DI T FINIEET4.1,80.6 12, AFL ik
EJNE IR -‘/ﬁfMia‘c 70.0 IZBIER TN, HMQC XA RZ MUIZEK D & 5.82 D7) L HBAAS
HDHZEEMR LT,

FALKERN FE L TZEBRE T 23 F U D VM TORET T AY —EICHT A3 T
NETIIFANRPESN TS, TN5DNMR ARY bV F—4 ETable 4 - MRz L7z, Zh
L0 'H NMR ARY FUZIE, AF V2 KRFICE DI TFNABIZE542 ~ 5.0 (i
NMR ANRZ MV ZBRBRFBICED S VT FNRBRE6290 ~ 32512, ATF L 2 RFBICHE
DL T FINRBLZS60 ~65 IR INDG ZENHIN D, 8K 19f O NMR X X2 LT
BHEIN/IALE T MiZINS EX< KL TS,

Table 4 -4 ZHEEE Y =3 F U D UKD NMR AT MV F—% (Jppm)

'H NMR PCNMR
complexes -CH,- 15-C -CH,- ref.
(17 -CsMes);Rus(z-H)o(165-S)(13-CCH,CgHs) 4.58 309.0 59.6 19
(7] C5M€5)WR115(/U4 C)(,U3 CCH2C6H5)(ﬂ H)4(CO)12 4,10 338.3 63.4 20
(77 -CsHs)Co,Mo(15-CCHLCHs)(CO)q 5.01 288.0 63.2 21
(77 -CsHs)aRug(2-H)s(15-CCH,CHs) (19£) 5.81 309.6 70.0 this work

4) 84k 19g DRE
SHIK 19¢ 138 3 Ml 24 LTH 0, 'THNMR AT ML Cp 312 HD < o 7V niHisy i

L 3:1 T54.81, 492 IZBIRENm, CHIHE UmKFEITS200 I =FEHELUT2H. B
CHlzEEE UK EIIS4A57TIC2EH B E LT IH Y OB HME TR IN:, CIlTiEa ULkET

I RPREVLF I AAIELEMIZ52.00,2.48 [ITBIER I N/,
BCNMR ARY M VIZIE Cp BITHEDT K 7 F N2 FEO L V)V E L T673.9,789 10, =

" (a) Matsubara, K.; Okamura, R.; Tanaka, M.; Suzuki, H. J. 4m. Chem. Soc. 1998, 120,1108. (b) W&} ¥, A1
A, RIX TR, 2002.

» Chao, W. J.; Chi, Y.; Way, C. J.; Mavunkal, . J.; Wang, S. L.; Liao, F. L.; Farrugia, L. J. F. J. Organomet. Chem.
1998, 550, 111.

2z Ingham, S. L.; Mays, M. J.; Raithby, P. R.; Solan, G, A.; Sundavadra, B. V.; Conole, G; Kessler, M. J. Chem. Soc.,
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HIRBRBCE DI T FNAe3224 (CBRI N, 7078 VRO BEE. BRGNS
16.1,35.6, 68.2 IZBIER I . B} ED/KFE & DOAIRENE 2 RICHBENMR AR MWK O IkE L7z,
COSY AR PINZIE. 652.00 - &;2.37,2.48, & 2.37 - 31 2.00, 2.48, 4.57, &1 2.48 - 64 2.00, 2.37,
4.57 BEUG;:4.57 - 6;:2.37,2.48 D7 FI)VENCHBEDEIER X N7z, HMQC A7 MLZHBWNT
& 16.1 - 8;2.00, & 35.6 - 65237, 2.48, & 68.2 - 814.57 D 7 FIVENAHBEN R I N -,

MENVT =0 LAZERET I+ DV SEEOEE

TRV T =) L ZHEE R T D UK 19¢ 725 NI T2 A=HEE 7 =T )
D R 19F ORIE Z BARG  XOBIASEMATICE DI ST Uz, MK 19¢ O RIZT - U a > U
—AVZHRH U 7286 4K 19¢ 2R THET 2 2 &Ik 0B, #HE 19f OFSEIZ NV TRz
=30 °C THMET 2 Z &1L O L7z, J%E 1 Rigaku R-AXIS RAPID [m]#:& % f VY, Rigaku
PROCESS-AUTO 7' 7 5 LMK O F— S I L 7z, fEHTIZ DWW TIL SHELX-97 7117 5 5/%y
g — %AW, Patterson IEICK DIVT 20 AT O EEEEERE L. Fourier BRRIZE DI DK
FIATF OPRAEERE Ulzo 85 19¢ 13 SHELXL-97 71017 5 LERWT, B/INZRHE 21T
WU, 2 TOFHFKERT E2IEEH IR Uiz, $5E 19f O BALK TP 2 FEEO ML 5T
PESmEIN, £ RULICKHET 2 Cp RIZT 4 A —F —INFEL, —HDOEHEZE 557%. b
D—HEM3%ETHIETHEERE L. T4 AT —F =L TWDREFRTERS 2TD
FAKBRTZIFFEAECBRA L WTNofib e R REATOME E CIBE L TEhn
D7z. $HIK 19¢, 19f DFEFF T — & SIE SR & Table 4 - SIZR LTz,

Dalton Trans. 1994, 3607.
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Table 4 - 5 #4545 19¢, 19Ff O F 22T — & EHRlES A

19¢ 19f
[Crystal Data]
empirical formula CysH34RU4 CysHiRuy
formula weight 738.80 772.82
T/K 173(2) 183(2)
crystal system Monoclinic Triclinic
space group C2/c (No.15) ‘P-1 (No. 2)
alA 22.8157(5) 12.6970(8)
bA 15.2898(4) 14.3444(8)
/A 18.1840(5) 14.4887(7)
a/deg 96.034(2)
fldeg 131.7050(12) 95.341(4)
ydeg 94.1490(13)
7N 4735.9(2) 2603.8(3)
Z 8 4 '
Deaiealg cm™ 2.072 1.971
F(000) 2880 1504
4 (Mo Ke)/mm™* 2512 2.289

crystal size/mm
crystal form, color

[Intensity Measurements]
Diffractometer
@range/deg

limiting indices

28 naddeg

reflections collected
reflections unique (Ry;)
absorption correction
max and min transmissn

[Refinement]

Rl, WR2 (I > 200‘(1))

Ry, wR; (all data)
Data/restrains/parameters
GOF on F*

Aple A7

0.250 x 0.150 x 0.020
platelet, black

R-AXIS RAPID
1.79-27.40
0<h=<29
0<k<19
—23<1<17

55

23006

5585 (0.0332)
Empirical
1.1940, 0.8576

0.0292, 0.0687
0.0353, 0.0707
5368/0/293
1.081

2.688, —1.425

0.200 x 0.150 x 0.050
platelet, black

R-AXIS RAPID
2.25-27.48
0<h<l16
-18<k<18
-18<1<18

55

25187

11728 (0.0410)
Empirical
1.1921, 0.8693

0.0658, 0.1689
0.0768, 0.1770
11677/0/589
1.119
4.633,-1.459
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1) 8k 19¢c DiEiE
SHAE 19¢ DT HEE Z Figure 4 - 812, FREEGER, HEAZTable4- 61 R L7,

Figure 4 - 8 & 19¢ O 7T Hiik

Table 4 - 6 $84K 19¢ DELMESE. HEA

Bond Lengths (A

Ru(1)-Ru(2) 2.7434(4) Ru(1)-Ru(3) 2.7378@4) Ru(1)-Ru(4) 2.8125(4)
Ru(2)-Ru(3) 2.7683(4) Ru(2)-Ru(4) 2.8195(4) Ru(3)-Ru(4) 2.7537(4)
Ru(1)-C(1) 2.041(4) Ru(2)-C(1) 2.049(3) Ru(3)-C(1) 1.969(3)
C(H)-C2) 1.507(5) C(2)-C(3) 1.534(5) C(3)-C) 1.477(7)
C(4)-C(5) 1.505(7)

Bond Angles (%)

Ru(1)-Ru(2)}-Ru(3) _ 59.566(9)  Ru(1)-Ru(2)}-Ru(4)  60.721(9)  Ru(1)-Ru(3)-Ru(2) _ 59.766(9)
Ru(1)-Ru(3)-Ru(4)  61.61209)  Ru(1)-Ru(4)-Ru(2) 58302(9)  Ru(l)-Ru()-Ru(3)  58.916(9)
Ru(2)-Ru(1)-Ru(3)  60.668(10) Ru(2)-Ru(l)-Ru(4)  60.977(10) Ru(2)-Ru(3)-Ru(d)  61.406(9)
Ru(2)-Ru(4)-Ru(3)  59.551(9)  Ru(3)-Ru(1)-Ru(4) 59.4729)  Ru(3)-Ru(2)-Ru(d)  59.043(9)

Ru(1)-C(1)-Ru(2) 84.24(13)  Ru(1)-C(1)-Ru(3)  86.09(13)  Ru(2)-C(1)-Ru(3) 87.05(13)
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2) Sk 19f DN FEE
B4R 19f D> THREE ZFigure 4 - 917, EAHEE. fiafMH%Tabled - 712 R/ L=,

Figure 4 - 9 $H{K 19f D7) T8

Table 4 - 7 #54k 19f O XA E. BEM
Bond Lengths (A)

Ru(1)-Ru(2) 2.7162(11) Ru(1)-Ru(3) 2.7267(11) Ru(1)-Ru(4) 2.7936(11)

Ru(2)-Ru(3) 2.7716(10) Ru(2)-Ru(4) 2.7977(11) Ru(3)-Ru(4) 2.7074(11)
Ru(1)-C(1) 2.052(9) Ru(2)-C(1) 2.058(9) Ru(3)-C(1) 1.987(9)

_____________ CcyCE 1Ay

Ru(5)-Ru(6) 2.7597(10) Ru(5)-Ru(7) 2.7474(10) Ru(5)-Ru(8) 2.7484(10)

Ru(6)-Ru(7) 2.7670(10) Ru(6)-Ru(8) 2.8312(11) Ru(7)-Ru(8) 2.8260(10)

Ru(5)-C(29) 1.977(8) Ru(6)-C(29) 2.037(9) Ru(7)-C(29) 2.052(8)

C(29)-C(30)  1.503(12)

Bond Angles (°)

Ru(D)-Ru@)-Ru(3) _ 59.58(3)  Ru(l)-Ru(2)}-Ru(#)  60.86(3)  Ru(1)-Ru(3)-Ru(?) _ 59.203)
Ru(1)-Ru(3)-Ru(4)  61.87(3)  Ru()-Ru(4)-Ru2)  58.133)  Ru(l)-Ru(4)}-Ru(3)  59.40(3)
Ru(?)-Ru(3)-Ru(4)  61.403)  Ru@)-Ru(l)-Ru2)  61.22(3)  Ru@)-Ru(1)-Ru(d)  58.72(3)
Ru(3)-Ru(2)-Ru(4)  58.17(3)  Ru(®)-Ru(4)}-Ru(2)  60.433)  Ru(d)-Ru()-Ru(2)  61.01(3)
Ru(5)-Ru(6)Ru(?) ~ 59.623)  Ru(5)-Ru(6)-Ru(®)  5887(3)  Ru(5)-Ru(7)-Ru(6)  60.06(2)
Ru(5)-Ru(7)-Ru(8)  59.07(3)  Ru(5)-Ru(8)-Ru(6)  59.27(3)  Ru(5)-Ru(8)-Ru(7)  59.04(3)
Ru(6)-Ru(7)-Ru(8)  60.81(3)  Ru(7)-Ru(5)-Ru(6)  60.32(2)  Ru(7)-Ru(5)-Ru(8)  61.89(3)
Ru(7)-Ru(6)-Ru(8)  60.62(3)  Ru(7)-Ru(8)-Ru(6)  58.56(2)  Ru(8)-Ru(5)-Ru(6)  61.86(3)
Ru(5)-C(29)-Ru(6) 86.9(4)  Ru(5)-C(29)-Ru(7) 85.93)  Ru(6)-C(29)-Ru(7) 85.2(3)
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PR 19¢, 19£ 133 DONF I M UT ROFU P VERMF. 723 F ) P URNTFR =
HAREIRAL LTS, ZROFE O Ru-Ru FIEEHEESR K 19¢ Tid Rul-Ru2 2% 2.7434(4) A, Rul-Ru3
73 2.7378(4) A, Ru2-Ru3 %%2.7683(4) A TH V. $§4 19f TiL Rul-Ru2 %% 2.7162(11) A, Rul-Ru3
WY 2.7267(11) A, Ru2-Ru3 2 2.7716(10)A, Ru5-Ru6 %% 2.7597(10) A, Ru6-Ru7 %% 2.7670(10) A,
Ru5-Ru7 7% 2.7474(10) TH0IFIFFEL L, HEADBIZIT 60 WICHEL NI EN 6, ZHFHITE=
A THD T ENDINole. ZERETIIVF Y D VM TP U2 2R EmON T =0 L &K
DDOBHD 1 DOINVTZD LAMBERHIIENHREZ SNz, §8E 19¢ Tid Rul-Ru4 3 X Ru2-Rud
HY2.8125(4) A, 2.8195(4) A TH . Rud-Rud %32.7683(4) A &) 0.05 A 1F EMITIEN, B, &
7z 854K 19f TIX. Rul-Ru4, Ru2-Ru4, Ru6-Ru8, Ru7-Ru8 2% 2.7936(11) A, 2.7977(11) A, 2.8312 (11) A,
2.8260 A T# 1 .Ru3-Ru4, Ru5-Ru8 73 2.7074(11) A, 2.7484(10) A £#90.08 A |F LI b TR,
I, DT IVFY D UEHFICB W TSI NEMERI U TH 5. VT2 A-ZEHYUER
FHEMHHE BIR 0 DI X N, 88K 19¢ T Ru3-C1 28 1.969(3) A, 854K 19f T3 Ru3-C1, Ru5-C29
INFIZFI1.98709) A, 1.977(8) A L D E W, b RU RENSL FOMEBEDREBIZITE Mo/
N ZHRETLT U D2HHME 14 ERRRIC, BEBREALLTWD EEZ 5N, ZHEEERDFY
DUBRAMTEAT SHEO X SR OWMEHNL, 2 BIORTHS. 1 Did, Goldhaber 51T
K DME SN (177-CsHs)sCoy (14-CC4Ho) (1s- -CaH;,C=NO) TH V. 2 5 1 DI, Pietrzykowski
SIZL DIE XN (17-CsHs)sNiz(15-CCyHo) (15-H) TH D, #

RISDEEE

1) B8k

iR 2a &4 LT ¢ D EDRIBOFENEHSMMIT 5725, 'H NMR 12 & 0 KOS Z B L7z,
ETEA2a & TOEL O EDORISDIRBFEAL 2387z 5K 2a O benzene-d, TR % B i1 .
WEROTOEL > EEA LKL, TOEKRE 80 °C THEL, "H NMR 12X 0 KIS 2 BH L7z
(Figure 4 - 10). $HIR 22 WOELMTRE U, ROGBEAD © 8 BERERIIZ 2 THE Lz, $§f 16a
RSB TRWEIG THER L, KGNS 8 Ril#ZICid 83%% vz, UL, KH
i & & BHITFOEIGIIRERMTID Uz 8548 19a RIS W CldZ 0 A REIEIIE W H D 0,
R IR E N Z ORIE ML TH < ORI Nz KB ERY TH 2 TN IBRS
IR o7z,

2 Goldhaber, A.; Vollhardt, K. P. C.; Walborsky, E. C.; Wolfgruber, M. J. Am. Chem. Soc. 1986, 108, 516.
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100
iOZa |
80 ‘= 16a
g 4193
c €0 ’
L2
s
2
E 4
]
a
20

o

0 20 40 60 80 100
Time [h] '

Figure 4 - 10 k22 &7 O EL 2 & ORIG (benzene-ds, 80 °C)

RIZ, $HE 2a & 1-ROT 2 EDORISEFANTz, K 2a D benzene-ds TAHRIZ 1-R2 T2 % 2
&)V RIA, 80 °C THEL 'HNMRIZK O RIHEBI L7z (Figure4 - 11). TOEL > O
EHEARD & ROSIFFEPMTHET U, 888 2a 13 86 IfRRIC R THL L. UGN 5 2 K
120 AR 2-ROF U T K 16 OEREMER L7z, MAZKEITTHS &, 8IRERIC 37% X T
BEL. TN SIIE0MIID Ulz. 85K 16c OBIAIZEEN, BHE 19¢ R4, 86 I
B I THR 19¢ NEBIL Uz, BT, KFICERWTH DR Y 2O T I )IIER
INBD D Tee RIS TITHRME 22T U T V8K 16 DERBIBITHRKRT 37% &L 70 L >
DHFBEITHA, FULEW, ZHUE, BBREBITHEE LR FINENER <, Cp HLDVIE
REFENRE O INSWZEBRF R F U DK 19e NOEHNESI DD EHZEZEND,

‘023
m 16c
|4 19¢

Distribution [%]

0 20 40 ) 80 100
Time [h]

Figure 4 - 11 $8#{K 2a & 1-ROF ORI (benzene-ds, 80 °C)

KIZEGIA 2a EATF L 2 EDRIBER Rz, 5K 2a @ tetrahydrofuran-dg IRIRICAF L 2% 3 4%
E)LVEMZ T80 °CTMEL., 'H NMRIZK D RKIEZEBIFL /72 (Figure 4 - 12), KIGBIBNS 5
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REREI T, SRR 2a IXETHB S NT, §F 16F 7% 53%. K 19 8 47% R Lz, 7oL >0
Bia Rk, BRI ORGEIZRE DA 168 134 L. 8HE 19 0BG L /2, 84 IFIRICIS
SR 161 2 36%. SHAK 19f 3 64% & 750720 RHICIIAF L > OKRFILERY TH 2 ZF )R>
BUEBgR I NN oM. TOEL OIS ERT S & BRIETIIVF Y T AR EREIEN
FOSHINICHENTS STRE LKL, ZBEET VT D VRO ERINENZ X5, Z
MU BB RIRE S L BIIEO ST K S S OB NI ET < bOTHB E B4 55, 7
OEL 2 OBRE, BREIAFINETHL2OICHLT AFL2OBEE T 2 2VETHD, A
FIVIITHAREE N, 20728, Cp FEDVAERFENRL O /NS NWZEHRFT ) FD D 2 HHEA
EXDHSBHL TN HDEBZOLND,

100 ¢
+2a

n 16f
80 A 19f

Distribution [%]

0 20 40 60 80 100
Time [h]

Figure 4 - 12 $f{k 2a & X F L > E D (tetrahydrofuran-dg, 80 °C)

DLEDRRED, ETRETNFU T 8 16 DNEERXERM & UTERLED S, #
NESRERD TH L2 =HEET NT ) P UBE 19 NEEREIND ZENHALNT/R o7,

2) BT IV T HEEOMBR

BUET VF ) T U8R 16 S ZHARE T ILF ) D 2R 19 ORI T O F N I E B O %
2 L7z, $HAR 16a @ benzene-ds IR % 80 °C T 72 WFEINBA L 72 & 2 A, S54K 19a 73 38%4EMR L
oo TDTNTHDA, K 2a HERI NIz, MIT, BHE 19a D benzene-ds K % 80 °C T
66.5 KFEIMBM L7z & 2 A, SRR 19a 3R < B LR (eq 4- T)e ZNLD. HEETTIEY
T R 16a IIMNAUC KX D ZHRET O E Y 2 28HA 19a AN & BAEAL U ISR 0 2 &A%
EMERD T,
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> 0)
7
>
JaN

: 80 °C, 72 h, 38% 47
’r ‘ “’Q > catn
N7
G T X
Ha fﬁ 80°C, 66.5 h -
<o
16a 19a

SR 16c DB DN T B FRIBRIC, Bt U 7z, $54K 16¢ O benzene-d, AR & 80 °C THFL .
R 2% "THNMR I X 0 BIF U 7= (Figure 4 - 13), $54K 16¢ IZBFRIFGBE & HITHD L. # 84
RERIBRICIE T RTIR U, $HE 16c DIATREVY, BMAL U788k Th 2 ZHRIFGR O F U D
B 19¢ DB L L BB IR 51 88 % 1T U e AIRGIC, 8846 2a OERR (IBMLH 12%) b
BRI N, SR 22 DVERR U728, TEHE U 72 Atk R O FIEITIEZE » Tz,

100

80 |

Distribution [%]

0 20 40 60 80
Time [h]

Figure 4 - 13 $51K 16c OIIELE (benzene-d,, 80 °C)

3) AL 71 TR

PRIV T 20 NG 22T F ) T80k 16b 137 2 F L O FEHK T TI#RT5E, ¢4y b
W 1-TFEUTHREEL, 7RFL 2RI 5 AY—IZIOAEN. NY T 51 HEEL 7=
LT EF L R 20d BERT DI EZMB L, INKD. BETIVFV T HEEOTILF
DFazy ME, SN S I A TR &SRR T H D 2 LIV D, F T, §iHK 16a
ORE T ) 7 VLT 2D RACK BRSPS 2 2 & E2HINE LT 6K 16a 2 TF
L VB FTME Lz, Hi 16a O benzene-ds YAk &, TF L > FRL FIZHBNWT 80°C T
BT228Icky, ERNICZEHRBEIT ) D 6E 1da VER LU (eq. 4-8)s
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K Ru ethylene
’rll/( \ 'J’Q
R
% / “Ru benzene-dg, 80 °C, quant.
H4 0
- /%
16a

'H NMR CRIS&EBHT 5 &, RFlKFrE LY
DBIE S 72, 80 °C T 38 MERIMNEL L /2% > '"H NMR
ALY bV EFigure 4 - 14128 Lz, ERIDRIS T8
BInf=v AT, TR B L rOEEA T
NSO 'H NMR A7 MV THD, 7rE LY
DEu A FFX, doublet of triplet [ZBIER X5 D
BEFECH DD, $58 16a L =F LU DOISNGE
RLTALAR YD ARy b T a L yrnR~s b
MMI—ELTWD, ZOFERIL, $5K 16a BNETS
KEBMEC L0 B = VPR R AR L. RV TEG
FIBBER T X 0 77 e B L b B L7 bl %
T A2 MR TLHBbDOTHD, ZOERML
fedae vy BaF L RHL, =F L0 C-H
FEABINT & AT L 0 ZHER =T U O ek
14a ZERTH b0 LB X HND, KISHEEO I
DWTIHZIRT 5,

Gﬂﬁgi{)

(eq. 4- 8)

1.6

1.55

1.5
(ppm)

Figure 4 - 14 "THNMR A~ kb

(400 MHz, benzene-dj, rt)

(L : 85 16a & =F Lo & DRI,
RO AT R

Tl MV T =0 A ZEYE T Y DR 19a BT F L ORISR T TINS5 L, 7

FAE—NRTEFVBRYAEN, WELT =0 AZEBRFF Y V-2

DUBER 210 BAERT B, ARSI
LB

BfET ey
LR 22T L. 2 TF DT EFLUNEDIAEN DG
TIIFEIZETCH B, S5 19a O benzene-ds IBR % 72 F L o FEHAR T T 80 °C T 38 K

MBAU T2 L 2 A, BROBITREREAN DIEEICEL Uiz, WMIET TREEZEEL, 7TAITH 75
Ly aw b ST 7 4Tl RS ILICk Y, MgALT =Y ASHEERT Y VU-SE
BB R Y VUK (7-CsHs)Ruy(us-H)o(s-CCH;)(13-CCoHs) (21b) % HABEILR 75% TH7-
(eq. 4- 9), Bk 21b 1%, $EMK 2a & 20 F 0 L OMBFIED B bRIREKTH Z L NHRETH

2o
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/F '
acetylene Hy CoHs
(aged) - "W
Ruo\:

Hg . /= Uy
l1-/ benzene-dg, 80 °C, 38 h Q/) H{ﬁ“ a (eq. 4-9)
> v
19a 75% 21b

GEIR 21b O ML RO BEEREE L2 ENTE, X BHEREMIT 21T o7,
DENRBIFTIIR P oT2l2, BEORELE TIIEL RPN, K16 I =BEB-FY
CUEMTBIOZEEEG o) DURMNFERTANREGREEEZ R L NS D & B
L7,

HETE BUS R

INETORRELY, 856 2a LA VT 4 v & ORISHBEEHEE L7z (Scheme 4 - 8), $f{k 2a
IS8 EAEERTH VRN AR TH D Z &b SRR BB C SR 2a 137K R ORI < |
ERFPLICA VT 4 BENLT B ERFTRETH B, FP. R 221047 0 VBB L, 2
WALV T v DEBIEMTRIARREZ D C-H SR S5 &, o B =L HHREE [A] 2
R L, VT E =MD RU-H G ~OFARGHRE 5 Z LICX Y BET XY T ok
16 4T 5 (Path A), ZREBET XU T U8R 16 OMBUC X0, ZEEBT7 LX) VU5
YRF/OENTELZLIFE ROLIITEZLND,

BIET V% )T 8ER 16 MBS D L. ETAKBERMC LY o =)V [A] 2R
L. SV CGETHMBER N X 0 AV T 4 Wy B LT8R 2 RT3, JOERNL LA L
T 4 Y ORET C-H AR END &, o= LR [B] BERT D, RICSUSDT
fEPEE LT, 1. oo B = VR [B] @ B =/VED Ru-H iEE~EA L, 557 V& U 7 U eEik
DAL LT=D 6 C-HEEGOEWIRKISIC X ) ZHAFE T L Y DU 198477 2% (Path B-1),
2. ;B =LA [B] @O C-HEAPEIW S, BB =V F VRN ER LIz, =Y
T UBENL TS Ru-H FAICHAT A Z L IC XV ZBEET L% UV 88K 19 AT S (Path
B-2) D2 EYONBELLEND, L LAF T, FEEEIBET LI LN TET, USRERI
PTROTHENIHAL LTI, O A VT 4 VIEROTFEL, BET 2 Y 7 85K 16a
LT LU RS SR EXICT R YL OMBAEE SN D LRI SERETT Y Ok
fF 14 BAERLTE T EhbEESND, |

BIDOREHERE L LT, B L7zA L7 ¢ AL LI C-H BSO8R T2 < | Ru-HEEIC
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FTAE OB ToIANFYERY BSEBLEFL T4V BLUVS IV EORIG

AT OHBOEZ SN, ZRHN T LARIFZE R REEE L BEHA L T 40 2 EORIE
Tl PR E L TZHERBEZ U FUMAIEONTNSY Z&h b, ARBICHBNTHIHA
TR, CHEEGOYMMNREETNSEZEZL5ND, ‘

AREIRTIERIBORIE T, SEOKEFETHN 2 DWMDT 2 2 &5, KITHERIZHBWTKE
O, HLIEF L T4 D OKRBBREETNDZENFREIND, K, ZRIINTZU LR
Uk R REEA &R RALKEEE OB T KRBLEE - BEOABILONWTNHEEZZZ
EVHERENTND, $iF 2a &AL T 4 2 ORIBOEBIE LIZFER, L T4 2 OKRFED S
BT DTNV OV TFNVEBRI NN o, £le, KEFEOT T H)IVE Cp DT T FIVE
LB, REOHROMBIIIL V. BHEQEL TS, 7 AL T 1 VHEDN S, Sk 19
52 ZMBHNT, BIKBERISHDETL TNSEBZEZ TN S,

Path A
R\= C-H bond R,
cleavage .
Insertion
/ —
———
H§ HS ¢ Hy
2a [A] w-alkylidene
@:CpRu q 7
1
H
Insertion C-H bond
cleavage R
i C-Hbond / \
cleavage ) (8-1)
R

/ wm-alkylidyne

C-H bond Insertion

cleavage HY

(B-2)
Path B

Scheme 4 - 8 $#{K 2a &AL 7 ¢ 2 & OHHE T RSHEARE

BET L) F 8RR 16 DUEE S Ak & U TR L. mﬁm B R A R T
HDZEEBTIVF Y DR 19 IZPORT 2 KGRI O BRI DWW T, ROLHITHEZS
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N5, KISHOME LT, #iK2a & 1-ROF U EDQRIETHWERZfE > THIAT 2 (Figure 4
-15) ZOEA, Rul B Cp HITHEDLNZNTZU A R BIA VT 4 OERMLT D520 A,
Ru3 78 CH#GZUMT 2N T2 AEL, KD 1 DOIVFTZULIEAER Lz, ZORIBER
ST H7=0ITIE, VISR 2a 13AFHE RU REERTHLOILENH S, NFHE Y Rk
W Dy MFE 2R D2, IEMEARNS EAKGEZ L TWD, 7 b R RERILE
2EESHITRLUZLIIT, TR WIGEZ /2T, W AICHNIR Lz K 912, RSO R
BWTHARITEE TN EZE LTV,

BT BNE 3 BONEZ 5115, path B, C TIET I FI)VEE Cp HEMZERMITIEL, i
RN RKENDIZH L. path A DG T NVFINERERET 22 D0 Cp HOMICNET 57
. Wi LRI SRR N /NS <725, 2L D, path A VEERASEIC/R 0, B
HEMTO CHEGOUMANEZ D, RIETIVF U F 8K 16 BNVEKT D, ZFUTKH L. path B,
C DHAIIIRMA T CHED O E, ZERETIVFU D 8K 19 08 EKT 5,

thermodynamic
product

e

Figure 4 - 15 88K 2a & 4L 7 ¢ > & QRIS BT 5 BRI O 2 b %
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FAE IBNTZOLNFYERY REGEAL T4 BLVPIY ORI

FE3HE MRNT=UAANFHERY REGEETI/VOZMIIVEDORIS

W2HITIE, ik 2a &AL T4 D EDORBERT L. CHAERICEK > TV T =0 L3RG
TIVFED T 8K 16, VUL T O AZEEBET IVFU D UEA19NERT D ZEEZRLNIC
Lz AHTIIETREMRE R OBREAL 74 > TH2T7 27U DS MIILOEOED YN S
NDMIEE U, 3K 2a SORIBERF Lz, ZO#E, C-CN #E M, W)L 7=
DLEXZERIET ILF ) D UERINERT 2 ZE 2SN L,

AT =ZOANFHERY REEET7oURZ NN EORIG

R 207 oL RO I VBIKICH L, 727U 0 MU JVE L3 ERIVGEMA T, 60°C T
24 WFRIMB L7 TNV FAS LU NT T T4 —THRET L2 EI2KD, WEILTZU A
EAZEREY IVFU D U8EE (7-CsHs)Ruy(u-H)y(15-CCH3) (15-CNH,) (21g) % BHEINER 50%
THE7% (eq 4- 10)e ARSI ER T 22 MBS B ETH, FRRICHE 21g 2VER Uiz,
SR 21g WIE IR INT T AIEMIEIME S, RUY R VI AE S AL BRET. T T
L RO7 S AEE@RL 7z,

I

\7 SN RJ

Ru\ A
/ THF, 60 °C, 24 h u/ “&

(eq. 4- 10)

2a 50% 21g

BH1A 21g 13, "HNMR, PC NMR A X7 MLB I 2 KIGAHBI NMR A7 R)UZ K O FE L.
B4R 21 W TPNCEERIAMEIE Ly Cp FIZHED < 271, 'HNMR IZB W TR HRE L 2:1:1
D 3D T F )V E L TS4.57,4.80, 490 ICHEREI Nz, BCNMR AXRY MUIBNWTH 3 FE
O T FINELT, 578.0,78.7, 86.1 ICBIR SNz, b R REEMAFIZHEDTLS TN, !

ICHBNTS-14.52 I 2H DO ME RO —H & L TR I N/, Zhid, thomig)
FZUOLAEAZBRET LTI D VKR THEI N/ B REMTFOMFEY T Milzk <
FALBICHRENTND, AFINFITIEDT T )VA PC NMR AR M)UZBWTS 52312
POEM Jou= 1250 Hz) & UTHIERI N, &/ 'HNMR ARZ MUZHNTE3.74 12 3H 5O
CDMREEERD —HERE U TBER S Iz, HMQC ANXY MLZHENT, 20 2 2O 7 FIVHIC
MRS D EE2MR LIz, 73/ EOKFEIL HNMR AT B UZBNWTE5.61 12 2H 5 OFE
NBEEFOITFINELUTHEI N, IR AXT MUIETY I/ B D < RII#Rsn
mivofz. BC NMR ANRY F)vc:%bsfzi%ﬁﬁ?@:%ﬁ< :/ﬁ“f)wié 306.8 H&L U 310.9
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BA4E EBLTZUANFYERNY REREA LV T4 2 BLUVC IV EDORIG

I I Nz, HMBC ART MNIZBNT, & 3109 &6 3.74 O T FIVEICHBENRR S

T EINS, & 3109 DRFBICAFIVENHEE L. 6:3068 DRFICT X ) EMHEEL TS E
ZEADOVERYETH S, HNMRICK D RIGEBIT2E, PRKEZZ 5N 7V EE
Bl neA, RAEIEE> TR, B ERMIISEE 21g TH - 7.

BiEA 21g O A FMHNC D W TIEEE R TH B0, C-ON BT NTND T &5
TH 5. C-CNEEADYIMOWET, 1971 412 Burmeister 5238 THE Lz, 2 $20)T Parkin
5K¢5amw%U7Ft>%¢%mmt%%%TT®7th:huw@CCN%é®@%(m
4- 1), ** 7x EWREG T NF2AY, 2000 ELRHIZIID TR REA LM ENT AN S /2. °

=

ot M CN .‘\\CN 4=
- H e Me,Si o (eq. 4- 11)

H \%/{\Me

ULinU. 2000 LA, IV — T ORBHRIIRICE D, BEIEICE 5 mENE<aIn
BHE IR TE, 262282303032 4465 513 [(dippe)NiH,], (dippe = (Pr,PCH,),) #HWT 2-
DT JEUDEDKIGT, i Z UMD ER Lz OB, IEIC X 0 C-CN #EAIK E N
HZEEEMUE (eq.4-12) ZORINIT T/ F 2027 7UP 2, ZRUILD CCN S
Uricb M TEDLZEEWHEMIIL TS, ¥

MeoSi

%

L ®

i i i

PRE g PP oo R LW

/NI-\—NI\ —_——— [ /Nl e /Nl\

PiPr, H PP PiPt, plPr, CN (eq. 4- 12)
NN
I 2

2 Burmeister, J. L.; Edwards, L. M. J. Chem. Soc. A 1971, 1663.

# Churechill, D.; Shin, J. H.; Hascall, T.; Hahn, J. M.; Bridgewater, B. M.; Parkin, G. Organometallics 1999, 18,
2403.

» a) Gerlach, D. H.; Kane, A. R.; Parshall, G. W.; Jesson, J. P.; Muettetties, E. L. J. Am. Chem. Soc. 1971, 93, 3543.
b) Parshall, G. W. J. Am. Chem. Soc. 1974, 96, 2360. c) Morvillo, A.; Turco, A. J. Organomet. Chem. 1981, 208, 103.
d) Favero, G.; Movillo, A.; Turco, A. J. Organomet. Chem. 1983, 241, 251. €) Murahashi, S.; Naota, T.; Nakajima, N.
J. Org. Chem. 1986, 51, 898. f) Adam, R.; Villiers, C.; Ephritikhine, M.; Lance, M.; Nierlich, M.; Vigner, J. J.
Organomet. Chem. 1993, 445, 99. g) Abla, M. Yamamoto, T. J. Organomet. Chem. 1997, 532, 267.

% For the cleavage of C-CN bonds, see: a) Marlin, D. S.; Olmstead, M. M.; Mascharak, P. K. Angew. Chem., Int. Ed.
2001, 42, 4752, b) Liu, Q.-X.; Xu, F.-B.; Li, Q.-S.; Song, H.-B.; Zhang, Z.-Z. Organometallics 2004, 23, 610.

2 2) Garcia, J. 1.; Jones, W. D. Organometallics 2000, 19, 5544. b) Garcia, J. J.; Brunkan, N. M.; Jones, W. D. J. Am.
Chem. Soc. 2002, 124, 9547. ¢) Brunkan, N. M.; Brestensky, D. M.; Jones, W. D. J. Am. Chem. Soc. 2004, 126, 3627.
d) Garcia, J. I.; Arévalo, A. Brunkan, N. M.; Jones, W. D. Organometallics 2004, 23, 3997.
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FAE ORITZYANFYERY RHEFEA V74 BLUVC TV EORIE

Bergman, Brookhart %, % Nakazawa 5% 32N UIEEGT 00T A, ekitka A
Wz B JLD C-CN GO YW &G Uk BEOSTIHL, S UIVENEERREZR /LT
%, ' R THAL L= U7 BOTICEL L2 b, S UIIVERZ M)V OSSR FICBH)
Uy A2 T UIVEMRIZ/RD . C-CHREEEIBE I, BN T IVFI(T U —I)-2 U1
T Z REHEDERT B (eq. 4- 13). ARBIID BIZ Nakazawa Hi2E 0, NI ZFINT T2 %
B A7 il S SIS R & vz, 0

iR3 ?iR3 " /N/SiRs /C///Nxiss
M—NSC—R' — M---I(Ifl —» (] — L
I K. (eq. 4- 13)
silyl C-C bond
migration cleavage

fill e 5O & U Az S Miller 51282 Ni il Z2 W7 U —)b = b U )L & Grignard #l3E &
DIOAHY T TR (eq 4- 14), *' Hiyama HI2E D7 INFO7 U =)V 7 JLKIE?
REVRESINTND (eq 4-15). INEOWEFNI 2 THEIMEZANZHDTH D, ZHH
HIZ& B C-CN B DU & LTI, ARISBHOTOHITH 5.

[ CN NIClz(PM83)2 R
RT + R'MgX > R—r
THF, reflux

(eq. 4- 14)

Ri__ Ry
CN Ni(COD),/PMe
A3 2 3 N -
R—:/ + R1_CEC—R2 - R——:—/ CN (eq4 15)
toluene, 100 °C ,

Wik 2a 7R MU NEDRIRBREF L. 7R FYNVEDKIRNIL 60 °C TH#EITL.
110 NS 2 &, IBIRIEERAN SBANEZL L, 'THNMR A7 MV TIRIGDEEIZ
I L ERRLEHE, NIV 2NZ 58 /NGADINERNBIR I N, K<ERLEH

% ) Taw, F. L.; White, P. S.; Bergman, R. G.; Brookhart, M. J. Am. Chem. Soc. 2002, 124, 4192, b) Taw, F. L.;
Mueller, A. H.; Bergman, R. G.; Brookhart, M. J. 4m. Chem. Soc. 2003, 125, 9808.

® Nakazawa, H.; Kawasaki, T.; Miyoshi, K.; Suresh, C. H.; Koga, N. Organometallics 2004, 23, 117.

% Nakazawa, H.; Kamata, K.; Itazaki, M. Chem. Commun. 2005, 4004.

31 a) Miller, J. A. Tetrahedron Lett. 2001, 42, 6991. b) Miller, J. A.; Dankwardt, J. W. Teterahedron Lett. 2003, 44,
1907. ¢) Miller, J. A.; Dankwardt, J. W.; Penney, J. M. Synthesis 2003, 1643. d) Penney, J. M.; Miller, J. A.
Tetrahedron Lett. 2004, 45, 4989. '
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ERFREAD LBABEREL, WIETCHRBEEZEET D& TRADHTEK A 21572, ZOHKE A
V3RO TBEMIENELS, X2EY, MVIY, I RO7 I REIIZIFEEAEEMRET,
ALY =RV TOORY AAZOTMRIT D DB TH o7z, 3 BIEOE A, ik A O
WS NTI3RN. THNMR AR MW, Cp BN MEEL 2:22:1 O 3EEO L V)& L
THRINTVWDIZEDERTHNICBEEERT 52 &0, 63.59 O T I ESFHNIZAFIL
HEFALTWDZENDND,Y LINL 2 DIFIET DRED S B, 1 DPBIRI NI &0,

5359 DL 7 FIVIN 6H 53 DRESHE THERINDG R E, HHNTERVWEIDERINTND,

BELL, ZHERB, bLIIEBREEZATHOTHA 20, BRMENMENZDIC PC NMR
AR MIVIZIEBERINaho/EEZ 6N 5,

32 Nakao, Y.; Oda, S.; Hiyama, T. J. Am. Chem. Soc. 2004, 126, 13904.

B A 2 ICERIFEFORDAEND &, BREVHRD CELRLHERNALNS.

3% Spectral data of complex derived from the reaction of 2a with acetonitrile.'"H NMR (400 MHz, CD;0D,

1t, S/ppm): ~14.25 (s, 3H 7, Ru-H), 3.59 (s, 6H, -CH3), 5.02 (5, 10H, CsHs), 5.16 (s, 5H, CsHs), 5.42 (s, 5H, CsHs).
BC NMR (100 MHz, CD;0D, rt, §/ppm): 55.6 (q, Jey= 127.1 Hz, -CH3), 80.8 (d, Jou= 177.5 Hz, CsHs), 84.0 (d, Jen
=177.5 Hz, CsHs), 87.6 (d, Joy= 178.2 Hz, CsHy).
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FAE EBILVTZUAANFYE R Rl SRRTEAMRILKE EORIG

INFETHiME 2a LHIRAL 7 4 L EDORIBERE L TE R, RIBOMRZRILEYITHIR
THZET, Sk 20 DRIGH O X/ H 2 ENAERTH D, iz, BROSETLO
WRMZMERIZED, IhETIRBRWER TOABBEE O bHIETE 5, AT,
ik 2a L3 ORITFU AT, rOAFEIIY, O IVILEDORIGER
L7z

1) Sk 2a L OARV TV EDRIG

$ifA 2a O benzene-ds WHRICKH Ly 27 OR T 2 EMAT, 80°C T 238 MMM L 72 Bk
BEAR 22 INDOTINMTIRE LTV, 8 —15.62 ICAERMBIRD > 7 H)VINBsRE Nz, 7V
NSLIOR T T T ¢ —THlk- R, VT AZBPER D F U D A 19¢ 21X
B 57% TR7z (eq. 4- 16)e SHIK 19¢ 1388k 2a & 1- RO T EDRBMSBEICAER L. FELT
W2, RIBTEERIINDDIIEME 2a S8 19c DA TH O, PHEEIT—TIEHE I NN,

<z @ K/ (eq. 4- 16)
PANES Grgored)

A = W
ARUT Hs
7Ry benzene-dg, 80 °C, 238 h Y/
6 C >
<
2a 57% 19¢

AT, 270X F20 CC HEaRIBINTNnS, OMEEIZEL., MRZFHEL7
DIz, HAKRMUZIEE 2a-d, (FEAKRRME 75%) &>/ TF 2 EQRGER LIz, i
2a-d, % toluene-dg PR H, 80 °C T272 RIS 7 IR F 2 ERIRI B H E, RFY D UEML
T OEMO AFIVE, AALORFE LD AF L DKRICEARRDIMO A ENZ Z &% THNMR AR
7 RMVZROMER LTze 4 SDAF LRI, Hy 7 2 I EMTH D G 19¢ DFE%E
ZI)., EOERITERD o7z, RiD A FIVEIT, BXZ 0.86H HWEARICERINT
Wb ZERgholk. b RU R FIEB L Z 2H N EARICEBRINTNDE I EH N7,
BN EARFAEA DS RISHABEHEAE L7z (Scheme 4 - 9).

BN TIL, HERE VTR 2a & L T ¢ D EORIED SR SN E 70X F YT
SR ERTHETT 20D EEA . RETRTHA 22 &1 2 F 2 EORIENBIX, 1 2F >
DAV T 4 > LD TRIS L. RIEA > 50 5 L8k 16g DVERT 5 28D 5,
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BAE ORINTZUANFYERY REGEA L T4 VBLUVP IV EORIE

BLOBRRAEMBALKRETH 2 70X FUNSRES IR OF U F U RNERT %
ZERFLYRMEETHD, RINERE LTI, 2@ONBZ5N5, 1D, B LT 71X
T UD2 BREEVIINTZUL-ERY REICHAL, TV L2%IZ, CH#S
DY ENT, BIES 70X FUFUHANERTLERETH L, 5 1D Lz
OR>TF 2O C-H RSN SN, EZ)VENER L Z8IC. MAROREZ D, G o
ORF T UHEPNERT 2RETH . BE 7 uXRFUF R B3I DONTZT A
HFOMZ R D C-C AU EINT, ZHRERF VU D UHAEK 19 252 25708, ZOYIWHERAL
W2B0EZOND, Tiabb, EARPMOAENTNS RFELLEIEREMTOUN (a) &,
B O % -G IR BRI TTO UM () THD. ZD a, b DUINIISEL Walfetk TR I 5 &% X
5N D, 200 OFOSKEIIC K 2 BAH R B/KFR D4 & Scheme 4 - TR L7228, WITN ORI
THIZEANERTRLGNT, KD AFINETIIBLZ IH P OKZENEARICTEREIN TN
ZENRIND, TRINERORERTIE, £ 0.86H W EKFICEBINTH D, THUIFHZEHH
NTZDORIEIEE XL TS EEZ 515, 2 DORGREROWTNTEITL THWANEKX
T2 ENT, BEARDSMOENTIEAERRNIENSEEL W,
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BAE MRV T o ANFHERY REBREF LT+ Y ELVP IV EORG

1. Insertion - C-H bond cleavage process

A QL 4&

- HisDss Hy5D45

Q:CpRu

C-C bond
cleavage

path a

b\_\\?

a Ho2sDp.75 =

C-C bond
cleavage
D ———EE

pathb

Hz26D3.75

Ho.375D0-625

H1.875D3.125

2. C-H bond cleavage - Insertion process

52K

Hi.5D4.5 Hq 5045
@:CpRu

C-C bond
cleavage

S —
path a

b\_\_\?

Ho.36D0.64 =

C-C bond
cleavage

.—_—».
path b

Hz.14D3.86

Hi.25D3.75

Ho-25D0.75

C-H bond
cleavage

———-

H1.78D3.22

Hyp-36D0-64

H1.78D3.22

Hz.5D3.75

Ho.36D0-64
Ho.36D0-64

Ho.36D0.64

C-H bond
cleavage

Hp2500-75 e

b-125D0.365

HzD4

H1.875D3.125

final deuterium distributioin

Insertion

—

H2.04D0-96

H1.7a°£2

final deuterium distributioin

Scheme 4 -9 #§{K 2a & 37 OR T 2 OHEE KGHRE (BE/KE S

DX IBOTHONSBBRICEY D C-C #E
3. D) oy Funseirnry i EQUTHMEBEH O KL, 2)
Wiz LIk DD TH D, 0T AHD/NE RERILEW O C-C #A

EROk &

/\
I\El

G IS
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FAE ERNTZOLNFYERY REBHEALV T4 U BLUP IV ORI

DIN—T12LB 70X F DL O C-CHEGYIMIRIG. > Whitesides 512K &> 7 OAFH
VLD C-CHRER YN N5 X TS, Whitesides 5128 2L, ZHIVTFZI LR
TFTHANNVRZIBREE S IV OANF YL EORIED S ZET U IRERELNDE LTS
AN NS A DY N AN A

BB, SR 2a & - AF)-1-2 I TR T U, benzene-ds '\ 80 °C TH) 200 IR RIINEL L 7= 23
KBS TH o7, “EMBICHE LIEAFVED, 17 ¢ > & QRPLEOHEMN DR, 5
N Z BT 2H0EEZ N5, o, REROX O KRELRT 7 0~AF 2 LK 2a
EDRIBTIE, tetrahydrofuran-ds ¥, 80 °C, 74 W5 & W D SUSZHTIL, $iK 2a Dzl 50%
THO, FHAERDBHERINZ0, FEITEE > THRN,

2) §th 2a LA VTV EDRES

itk 2a L2 ORI FIEORIBTIE, C-CHGUIWNRZ 2 Z 2R ENT Uiz, RICH
h2a &AM T EDORIGERF L, ZORREI T AIFL T4 UTRIBL, BB7ILF
USSR L6g AR T8 RILL. ZOMEEH BN Lz,

itk 2a OF hIE RO T T RRIZH L. 1 25 28 5 HEVRMNA. 80 °C T 65 M Ik
UZe. BIROBITEREREN S RO Uice TN SIS LI NT T T 0 —ThHlk - Kl
THIET, MBIV TFZ I LG 11 252U F V8RS (7°-CsHs)aRug(u-H)5(16-H)o (1-CoHg)
(16g) ZEABMEL TR (eq. 4- 17)e LML, FRHCEIAE Lz KRR O#EE BT 22 &
WTET, HEENRIER T2 &N TERP o,

<z
"y <
/ Q = é&?"% (eq. 4- 17)

y D)R
H ° P d -
s o THF, 80 °C, 65 h H4/ Ru

2a 16g

$E4K 16g 1 "HNMR, “C NMR A7 MUz X ORIE L. 1 27 2 BNREBRMT & L TE
BOBPLEMEERLUZGEIE. NEOWRE L BSEBT V) F 26k

¥ Suzuki, H.; Takaya, Y.; Takemori, T.; Tanaka, M. J. Am. Chem. Soc. 1994, 116, 10779.

% Whitesides, T. H.; Budnik, R. A. J. Chem. Soc., Chem. Commun. 1973, 87.
T OEMEIR A NAME 2,3-P 8 RO-1H-A1 > F 2-1-A U5 (12,3-dihydro-1H-inden-1-ylidene) #8{Ki775%
W, HFEOIEMROT, 848 1-1 > =) 7 > (u-l-indanylidene) $fk& L7~
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(17°-CsMes),Fey(u-H),(1-CoHg) DHTH 5. 5 $HE 16g 131 > ¥ VBV LICERAT 21T
HUO. "HNMR AR NUZBNT Cp D &7 VRS MEL 2:1:1 o 3 fEn s~
FIVELT, 64.06,4.51,4.58 IZBIZR S N, BRIBRFBITE DI T FIIES187.6 ITHIRI N
B R REAMPIZED S 7 FIE6-14.22, -12.79 15 4H D O BE Z 5D VI E LT
BlgRaniz. ZnUd BRCHE L2V 720 ARG 2-7 VU 5 851K 16 Db 7 Ml
EEBITBY. TOMEELHTHHOTHD, AFL I ARICET< 79 )ME 'H NMR
ZRY MVIZIIZERRE L TH3.30,3.46 12, PCNMR A7 M)UIZILS37.5, 662 IZHERE N, 9
PO FFE P"CNMR AT NV T168.6 IZBIRI Nz, ZOMFES T MERHBARIE T >4
ZUTFUBAEOMEIZIAL (Figure 4 - 16), $H{K 16g DBEE T HHDTH D, 8623 DT
TN DFREEGEB Jen BITFAID CEWTERN D,

& 37.5

@ 8, 66.2
5,174.2

& 240.0
MF"\}'// Fe j ]

Figure 4 - 16 kA > ¥ =) F 88RO F2{b% 7 M

MRV T =0 LGB 1-A 25 =) T 88k 16g D5 Fidik

VI VR E-30 °C THHET 2 Z &IZ X DT U7z REABCIRES 2 A W TL BAS R X A
EIRAT 21T 5 72 J@d Rigaku R-AXIS RAPID [AH7 35 % A V). Rigaku PROCESS-AUTO 7'
TI5MICE0T—F WUz, FHTIZDONWTIE SHELX-97 717 I ANy r—2% N,
Patterson {£iZ & 0 IVT 20 LT OBEEEZE E U Fourier BRICE DR DIEKEIRT O AR ZE
P Ui, Rud IHEE Uiz Cp RITIIT 4 AF—F —BIEEIN, — O HEHRE 43.0%. ©D
—Ji%& 57.0%& T % & THBEERBEL L=, SHELXL-97 7075 LhERWT, B/ _FHE
EITWREELL. T A AT —F = LTI RFRTERS 2 TOIKER T 2IEHEITIEE L
Jzo SHK 16g D5 FAREIE ZFigure 4 - 1712, #E5ENT— & L JIE S Table 4 - 812, E/afEA
& B ETable 4 - IR L7,

BNE Bl SRAGR, HRT IR, 2005,
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Table 4 - 8 $HK 16g D

MR T — & &R Gt

[Crystal Data]
empirical formula
formula weight
7K

crystal system
space group

alk

blA

c/A

aldeg

pPldeg

ylde

V/A§

Z

Dca]cd/g cmﬂ
F(000)

21 (Mo Ka)/mm™
crystal size/mm
crystal form, color

CagHyRuy
784.83

183(2)
Monoclinic
P2y/a (No. 14)
16.2432(14)
9.5318(7)
17.1595(13)

107.774(3)
2529.93)
4

2.060

1528

2.358

0.300 x 0.200 x 0.050
platelet, black

[Intensity Measurements]
Diffractometer
Orange/deg

limiting indices

20 yax/deg

reflections collected
reflections unique (Ri)
absorption correction
max and min transmissn

[Refinement]

Rl, WRZ (I > 200’(]))

Ry, wR, (all data)
Data/restrains/parameters
GOF on F*

Aple A7

R-AXIS RAPID
2.47-27.24
0<h=<20
0<k<12
—22<1<21,
55

19054

5929 (0.0453)
Empirical
1.2597, 0.5931

0.0734, 0.1660
0.0777, 0.1675
5584/0/317
1.311
1.416,-1.273

Figure 4 - 17 81k 16g O 7 F#EidE
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Table 4 -9 $h4k 16g D XIxEEA M, A

Bond Lengths (A)

Ru(1)-Ru(2) 2.5110(12)  Ru(1)-Ru(3) 2.8510(13)  Ru(1)-Ru(4) 2.8406(12)
Ru(2)-Ru(3) 2.8454(12)  Ru(2)-Ru(4) 2.8589(12)  Ru(3)-Ru(4) 2.6354(13)
Ru(1)-C(1) 2.064(11) Ru(2)-C(1) 2.078(12) C()H-C2) 1.513(18)
C(2)-C(3) 1.59(2) C(3)-C4) 1.51(2) C@)-C(5) 1.40(2)

- C(4)-C(9) 1.408(17) C(5)-C(6) 1.35(3) C(6)-C(7) 1.40(2)
C(7)-C(8) 1.398(18) C(8)-C(9) 1.36(2) C(1)-C(9) 1.477(17)
Bond Angles (°)

Ru(1)-Ru(2)-Ru(3) 63.96(3) Ru(1)-Ru(2)-Ru(4)  63.49(3) Ru(1)-Ru(3)-Ru(2) 52.31(3)
Ru(1)-Ru(3)-Ru(4) 62.22(3) Ru(1)-Ru(4)-Ru(2)  52.28(3) Ru(1)-Ru(4)-Ru(3) 62.62(3)
Ru(2)-Ru(1)-Ru(3) 63.73(3) Ru(2)-Ru(1)-Ru(4)  64.24(3) Ru(2)-Ru(3)-Ru(4) 62.75(3)
Ru(2)-Ru{4)-Ru(3) 62.22(3) Ru(3)-Ru(1)-Ru(4)  55.17(3) Ru(3)-Ru(2)-Ru(4) 55.03(3)

Ru(1)-C(1)-Ru(2) 74.6(4)

SRR 16g 132 DO T ARNCEREA ¥ U F OB FEAT %, Ru-Ru BIHEERCIE,
NETHEEWS MU TERNBIL T D ARG 2-7)VF U 7 8K & FERIZ, W0 2385
SNz, EEAE, BRI TONMEET D Rul-Ru2 B (2.5110(12) A) &, FhEhUhnofoE
IZd % Ru3-Ru4 M (2.6354(13) A) Th b, F/z. EfEHIE Rul-Rud (2.8510(13) A), Rul-Ru4
(2.8406(12) A), Ru2-Ru3 (2.8454(12) A), Ru2-Ru4 (2.8589(12) A) TH o7z, Ru-Cl [HIHEHAEIL,
2.064(11) A, 2.078(12) ATHO, Ru-Cotitict L. 124 yfﬁ@ﬁ%lﬂnﬁ&mﬁéﬁgmw -18
WRUZz. C6 V) > DiRFRMBEARNT 1.353) A0S 1.408(17) A ORITH 0. FHE M R FEMEE
BECHS L, £/2C5U 220 Cl1-09, C1-C2, C2-C3; C3-C4 FIPEREN 1.447(17) A5 1.59(2) A
DOETHO, C-CHFEEIEMEHHY L,

1.40(2) 1.51(2)

b A

1.408(17)

1.398(18) é "9(

1.35(3) 3

1.59(2)
1.40(2)
1.513(18)

1

1.36(2) 1.477(17)

Figure 4 - 18 A > & VBRDRFEBREFHE
SRNTFZULRIE R REEEA 25 2 EORIED 51, BEFEALE T )L Skt 4

KT D (eq 4-12). ' ZBINVT U LRI FZ L RY REHAIL Cp* 2t ZAH0R O SRS & i L
TN, 1 T I I LEITHAITE T, SRR & BT 2 K 5 I BURS O N~
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NADHEATOAENTND, ZHUTH L, 88k 16g TIEA > D BRIIZEITH RITFEEL T
W5, Z3Ud Cp HDONVERKFEDNNS WD THO, INXVEME 2a 131 > F > DL D ikl
YA XOREREHTH L TH. BIIBNT IR REIORICHERMTEL L EZRLT
W2, L ZRNVTZULRIFE RY REEEUEILT 2T AANFTE B U REE 2a O
OSEOPEMNZENTH O, $ih 2a ORIEHORELFHTH 2,

N

IH‘
&t /}% toluene, 90 °C }J‘ \
(\3p*

HETE RIGHIE

ARIGE H NMR CREFL7: & 25, A 27 2 ORFILARITH B 25 B A
R NVIBR NN/, BRI L T4 D EDORISTER UL 512, AR R 28 ik

A T I U CRISIEBIIAT % E B A 5N 5 HNMR AR T R )UTIIKES T154.5
fHEIZBRINDD, Cp RO TFINERLRD, DT FIINORBILTE RPN,

TV T4 2 TERULKE BN E SEZ, RICEEITScheme 4 - 100 X DITHERE U7z, i
R 2 ICFETA 2T DT D WAL, C6 U ZISMlizi<BE (A) SRz <
& B) OD2BEONEZLND. ADWMERDESE, CpREDIAHIFENRKE LS, BIZHAR
FTH5. 16> T, ORIE B ORMEXATEENICETT200EEASNL. ERMIETE
BROO RN, CTERBEIAL U2 8D 5N T< 208, ZOBINMEIL Z O OB THIT 5. i
MU T AT LN T2 A LD CHESNUIE XN, oo E )V REE R L .
BWTEZ NN R-HBEAICHAT S 2 &K 0, HiE 16g DMERKT 5.

* (eq. 4-18)
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Type A

@g% ’ i.?:&i’;‘i
o ¥
W |

@ : CpRu
C-H bond
cleavage
0- Gatp
Q =Ru

Scheme 4 - 10 $44 2a &1 25 > & OHEE RUSHERS

Type B

3) Mk 2a L oONFH DIV EDORIS

§EK 22 &1 T 2 EDFURN 5 85K 22131 > T 2V EMDIADDIZ 4 KE X DRIGE %
BT DIENHRNOT. BIEHERIGEOKREZIZTET 2728, BRI THHr7a~F
BOLEDRIBET DIz, TORE, 1 T OBAEERZR0D. £BRESNOM I NN
TIA RN T I AT T ONF Y RN ERT D 2 EEH SN Lz,

PR 2a D NNV I EIRICH UVETIVRD 13- 7 OAFY DI 2N A, 80 °C TME L7z,
127 WERTINEL U 72 23%584E 2a DNERE L TWEDT, 2 BEBIVED 13- 7 anFd VT &4,
80°C T 23 N L7z, WE N CTHRBEEZRBEL., TNV F S L0 NI T T4 —THHE-
BRTHIEICED, 2FEONY REBI Uiz, REBDNS RNENY 7T B 7 AF
2 UBR (7-CsHs)aRug(e)a(p- 172 17-CoHy) (20) 2 HERIUR 32% THE7- (eq. 4- 19). BALADIN
> RS SHE 20f B I OCRAIDHAE B OIRAMNME SN TE L. TIVIF T L0 N
T 74 =T, EiL - REDIETNY RSB INTE =,
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* O
lé;zu/ﬁ - G‘R b _/Ru/(d
2%

R < V4 eq. 4- 19
(\7 toluene, 80 °C Q/> \ /\H4 (cq )
H Ru
2a 32% 20f

B4 20£ 13 'H NMR, "C NMR A2 b LB &2 KITHBEI NMR 2 X7 BUIZ X D EE Lz,
SEfR 20f 1337 OAF T UM TIIH U T B RO REA IS ER T 2HETHD, !
NMR AR VT Cp BT H D 7 F IV REL 11 O 2 fED > 7)) & L TH4.53,
4.58 12, PC NMR A7 MUZBWTH 2FED S 7))V & LTS769, 773 KBRS iz, A
F L AKRRICHED S T FIVTS1.81,3.41 12 4H 5 DHE I N, COSY ART MUZED ZD
2DQYVTFIVICHBEN DS ZEEWR U ze ATV U RBICHT T FHIL625.8,57.1 18
I, RABIKHRF OMAE L HMQC AT MUK ORERB U o RIGT V¥ 2 RBITHED < &
TIIVid6 1814 KBRSz, B RY FEMAICHD < T3S -1536 I 4H 5 O RE %
FO—EHREUTBRINZ. & B REUZTFOERBHA, BLUOBWBELEHETSIEEH
& L. $EAR 20f DIRETIZ 'THNMR 227 MVERIE U7z, JIEEBIC tetrahydrofuran-ds 2 ]
WT, ~100°C £ TREZ TR, 2TOY T FIICKEREIIR NN o7z, 2hED.,
4 D0k RU PR TIE-100 °CIZBNTHHRNEM 1 PRRMER I LTS EEZ 505,

BATLAON Y RN BESZEME B O TH NMR A7 MVIZIE, Cp Hic kI 7L ms
4.46, 4.55,4.82 \Z D REELL 1:2:1 O 3FED T IV & L THIERS
NAF L KENL 518 ~3.2 1L HHE UTEE 8H MBI I Nz,
F72. BCNMR AR BVZIES 160123 7 )V IRz, & /RQ
DF =2 nG, K B - TAHRAAS 7 0 ik & i G » \| R“'@
FLTNWD, KTyt ry VL2 EQRIGNSH SN DS
ED -1 ATENL B S 7 A 7 F 88K 22 IZ DWW TR B8, &
DEEE 22 EZARY PV T—I WIS PTNWDZEH, ZOHkEE
BT ORI TH 5. SR B ISR TIIALE T, Bilh TR
MRE L TH< & SR 200 10810 T 5,

L3 TONFYP T ORERTH D 14-2 I ONFI DT EQRITIT DN THRF L7z,
$HIK 2a O benzene-dg IEHEIZH L. 3 HENED 14-2 7 0AFH I T E2MA T, 80 °C T 40
MRS S & 25, 8 208 OBBER L TNWD ZE%E 'THNMR AT MUC KD ERL
(eq. 4 200, TR, U ONFHIT NG EEEEOMEN R > T o, ERMIER—T

C.>
B
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HDZEBOMoT,
S @
u
/ \ Q G‘R /Ru/<d
(\) §R7 benzene-dg, 80 °C, 4OT> Cﬁ\eru\/H . (eq. 4-20)

i a7

2a 20f

NETSABRMBNT =0 Ao ANF S U EBEO S TFIEE
FMIVI R 230 °C THHET 2 2 &Ik DT U2 RARREE R E VLT, B X
WIRHTETT o /2. BEIX Rigaku R-AXIS RAPID [[#7 %5 & % I V) Rigaku PROCESS-AUTO 7’107/
LIZEDF =L J=, FHTIZ DWW TIL SHELX-97 711455 Sy - — P % AL, Patterson
HRICE D IVT = WRF O JEEE % e U Fourier £ FRIC & 0 5 IR/K KT 0 JEIE 2 Pz Lz,

SHELXL-97 707 I LAERWT, BN _RAEEZTTWREEBELL. £2TOIHEKBIRFEIESE LM

ICREBR U7z, SB1K 20f O TH#5& Z Figure 4 - 19, Figure 4 - 2012, #R¥MHT—% Ellesttz

Table 4 - 1017, F7RiE G, HEMETabled - 1R LTz,

Table 4 - 10 $i#K 20f Of 2R T — 5 LRESRM:

[Crystal Data] [Intensity Measurements]

empirical formula CysH3Ruy Diffractometer R-AXIS RAPID

formula weight 748.80 Orange/deg 1.81-27.66

T/K 183(2) limiting indices 0<hg12

crystal system Monoclinic 0<k<13

space group P2,/c (No. 14) -29<1<29

al 9.97500(10) 20 max/deg 55

b/A 10.00840(10) reflections collected 20548

c/A 22.5345(4) reflections unique (Riy) 5442 (0.0248)

a/deg absorption correction Empirical

fldeg 94.9170(4) max and min transmissn 1.0980, 0.8722

y/deg

ViA 2241.43(5) [Refinement]

V4 4 Ry, wR, (1> 2.0a()) 0.0391, 0.0989

Datea/g cm™ 2.219 Ry, wR; (all data) 0.0408, 0.1002

F(000) 1456 Data/restrains/parameters ~ 5138/0/294

2 (Mo Koy/mm™ 2.655 GOF on F* 1.137

crystal size/mm 0.400 x 0.300 x 0.200 Aple A7 2.459, -1.453

crystal form, color

block, black
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Figure 4 - 19 $HK 20f D4 FH&it

Figure 4 - 20 ${& 20f D5 F#& (72 : top view, 45 : side view)
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Tabled - 11 $84K 20f D XS EB L OES

Bond Lengths (A)

Ru(1)-Ru(2) 2.6984(4) Ru(1)-Ru(3) 2.8806(4) Ru(1)-Ru(4) 2.7536(5)
Ru(2)-Ru(3) - 2.7114(5) Ru(3)-Ru(4) 2.7472(5) Ru(1)-C(1) 2.063(4)
Ru(2)-C(1) 2.156(4) Ru(2)-C(2) 2.1394) . Ru(3)-C(2) 2.099(4)
Ru(4)-C(1) 2.185(5) Ru(4)-C(2) 2.175(4) C(D)-C2) 1.503(6)
C(2)-C(3) 1.492(6) C(3)-C) 1.525(7) C(4)-C(5) 1.490(8)
‘C(5)-C(6) 1.511(7) C(1)-C(6) 1.501(6)

Bond Angles (°)

Ru(1)-Ru(2)Ru(3)  64.346(12) Ru(1)-Ru(3)-Ru(2) _ 57.608(11) Ru(l)-Ru(3)-Ru(d) _ 58.530(11)
Ru(1)-Ru(4)-Ru(3)  63.157(12) Ru(@)-Ru(l)-Ru(3)  58.046(11) Ru(2)-Ru(l)-Ru(4)  89.364(14)
Ru(2)-Ru(3)-Ru(4)  89.231(15) Ru(3)-Ru(l)-Ru(d)  58.313(12)

SRR 20f LINY TS BIfE R D, P ranF T UM TR -t B L T D Z &0
Mo 7z, Ru-Ru FIMEEEIZ, hinge M T®H % Rul-Ru3 AR HEL., 2.8806(4) A THo7z.
hinge-wingtip FIEEEI. 2.6984(4) ) 5 2.7536(5) A DI THIER & N7z hinge- 7 )L =F > 5 T FHAE,
T 72H B Rul-Cl BEL N Ru3-C2 MEEHEL. #4731 2.063(4) A, 2.0994) A TH D, Ru-Cofti i
HEZAH Y Uiz, ZAUTH LT, wingtip-7 )V > & HIEERE, 97735 Ru2-Cl, Ru2-C2 BLWK
Ru4-C1, Rud-C2 [EREHEIL. F3-F3 T 2.156(4) A, 2.139(4) A, 2.188(5) A, 2.1754) A TH VD, Ru-Cx
FEOICHA T DEEECTH o 7z, C1-C2 MIBEERE 1.503(6) A TH 0, RFE-REZHMEGIERL D
HREMHIEL. BHEEHII V. JHUE, MONY 7 51 B 7 =D L7 IV k&
K< BRI TH .

AEE 1 HITHITBNR 2D ZRINT oI LRFE R RiifkE T rnafdoIr &
DOFRISTIE, -7 XTSRS KT B8, S8k 2a WINY 7S5 1 W 7anF 8
ab 2k, CORDIBRISDENELC HD1E, $EE 2a 1T =BERICHAREMBOR G N
EMS EROPEIEICH U TS I OANFY DL UMNEATICRM T 2 ENTELNW O TH HEE
AHN%.

4) $#h2a LSOOI IV EDORIG

SUOAFHUIINSE SICBENRERE < LIRS, FUSH ED L 5 10 ELT 5 DL
HWERNRTH D, NT, @ik 2a &2 o077 DL EQRIBETWN, 7 0% F U EL
T -1 FATELAT R TSR B A B AL U 7= 8RS E RS 2 2 & B S M Lz,

k2207 RO E RO I WK UL 3 EEIVED 13- 0F 75 DT &AL 80°C
T 109 RERTNEL L 2o VRIRO (13, BERED ORI Uze TV FATAIOR NI S
T4 —TRET S ET WBIVT 2D b - AT B S 7 T 7 F D8R (7°-CsHs)aRuy-
Hy (- 177 (/))-CsHy,) (22) % BAHEINER 82% T1472 (eq. 4- 21).
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— G—m%m—@ (eq. 4- 21)

“Ru THF, 80 °C, 109 h P4
H ' \
o MRy
oo
2a 82% 22

Bk 22 13 'H NMR, PC NMR A7 RLB L2 KICHBE NMR A7 MUz L 0 FE Lz,
SR 22 1T L 722 7 0 U F VIRORBIRFRER EBEIZ 20T 2HEEH LTHD,
NMR AR BIUNZBNWT Cp FRITFDT < 7 FIVIN64.37,4.67, 4.80 ITHES IR BE I 1:2:1 THIR S
Nz, SR 22137 I R REMETH O, B FY REMLFI36 -19.71 ITRIA/2—BE#RELT
(wip=324.0Hz) IHF}, BLNR6-14.80 [TRAs—EHRE LT (wip=135.7Hz) 3H 5 OFEH R E
THRIN/Z. B RY R TOBNEINCONWTIIBRT 2, 704 7 F U BROZREITH
BUIRAF UV UKBRIZE DL T, 61.85~291 12 6 DT )V & L TIEShic Bz
ANz, PCNMR AR ML, ZERGEATEAE Y )V 2 RFEDS 168.7 IZBIR S Nz,
Cp BITHD T FIE 3D Z IV ELTST1.3,78.6,78.9 128X, 'THNMR AR
FVORERE B Uiz, o0 F 7 FVBO 6 DDAFL ViRFIZHEI T FF)E, 'THNMR
ARY BV OFERE Bls 0 BRSNS 528.0,32.1,49.0 D 3T DO T VIV & LTRSS Nz,

B R F- KB OBANT, 2 KITHBI NMR 27 MIVZ K O R L 7= (Figure 4 - 21), HMQC
AN PV RO ERERICH LT, TNTN2 DT OO RAE -0 N, &k
FITHE LK RBEIFEFTH D T & iR Lz,

»
s
@

3.6 3.6 3.4 3.2 3.6 28 a6 24 22 2.0 1.B 1.8

Figure 4 - 21 #{£ 22 @ 2 XITHEE NMR (% : COSY, £ : HMQC)
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ghR22 DB U FENL-FIREREIC W TR 7 2 FiH K _,/*L
DYIFNE UTEEE ST, AL 'H NMR 2 S5k ;

2y RAERIE LT (Figure 4-22), 728, HHO* IR or S Koot
I EEND FMMER LTV S, WER B
toluene-ds & Mz, [IRICHEV, 6 -19.71 DL 7T /1id

W2 TPl o TVE | £725-14.80 DI 7 FLid-40°C F3K iL

N

T2RED YV 7T MR Ui, BHEEIIZ-T0 °C T low
temperature limit {23 L, §-19.39, -14.80, -13.60 {2 f& 437
BEL 112 0 3 ROV 7T v e LTRSS, Fc, |
BT B L 51971, -14.80 DT FAIRFICEE L. ZsmM\ml o
100°C C 1D /& LTHESE, Cp Hick
SLYTFNNE-T0 ~ 100 °C DEITELE T, A F Lok
RIS T FARBRICED, V7RI L L
TV oled, RERBMITBE S WAoo, B FU R
BN F OZERERER, MBI DWW TR 2 5 TR, .

WIZ 14-vruFd s 8§V EORISERT Lz, # ., J J
1A 2a @ benzene-ds IRIRICXT LT, 3 fEENLED 14-27 [ |\_‘W > " 1
B2 B U EMAT, 80 °C T 66 MMM LA, H e " (pp-:,;

NMR A7 MAEIC &Y, 85K 22 DB DAERK L TV Figure 4 - 22 S8k 22 DB TZ 'H NMR
~ 1% -
BT L ERER LR (eq 4-22), AT NV (400 MHz, toluene-dg)

<z
R ©
%
Hs ‘0

- '
benzene-di, 80 °C, 66 h O

Y

2a 22

- EREE Y 04 F USROS TS

RV VIR E-30 °C THHET 2 Z LI K 0T L 72 BB & 2 AV T, BURES X M
ERRYT %17 - 7z, MEIE Rigaku R-AXIS RAPID [H#73%# % V>, Rigaku PROCESS-AUTO 7’12
TR E YT —HMBE LT, ﬁiﬂ)ﬂ:obﬂi SHELX-97 71 /5 A%y r—J% v,
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Patterson B K VT =0 AFFOEZEEZ Y L., Fourier & EIC X V785 Ik IR T 00 e %
WiE LT, SHELXL-97 'u 7 J A& HWT, B/ R/HEZITWVEEILL, 2 COHAKERT
B ISP RE U, 85K 22 045 TS & Figure 4 - 2312, #5297 — & & BI7Eeftk % Table

4-121T, EREAE. A A% Tabled - 1312 R LTz,

Table 4 - 12 85K 22 OFEAFNT — & L ESM:

[Crystal Data] [Intensity Measurements]

empirical formula C,sH3cRu, Diffractometer R-AXIS RAPID
formula weight 776.85 Hrange/deg 2.65-29.93
7/K 183(2) limiting indices 0<h<13
crystal system Monoclinic 0<k<14
space group P2y/m (No. 11) -17<1<17
alA 9.4502(3) 20 pax/deg 60

bIA 10.6731(5) reflections collected 14716

c/A 12.2624(4) reflections unique (Riy,) 3728 (0.0273)
of/deg absorption correction Empirical
pldeg 93.3440(9) max and min transmissn 1.1963, 0.7492
ydeg

VIA® [Refinement]

Z 2 Ry, wRy (1> 2.00(D)) 0.0360, 0.0907
Deared/g cm™ 2.090 Ry, WR, (all data) 0.0407, 0.0937
F(000) 760 Data/restrains/parameters  3686/0/189

4 (Mo Key/mm™ 2.414 GOF on F? 1.093
crystal size/mm 0.300 x 0.200 x 0.050 Aple A7 0.802,-1.230

crystal form, color

platelet, black

Figure 4 - 23 $&K 22 02 T
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Table 4 - 13 $HK 22 DX E, BEM
Bond Lengths (A)

Ru(1)-Ru(2) . 2.7618(4) Ru(1)-Ru(3) 2.8000(5) Ru(2)-Ru(2A) 2.7887(6)

Ru(2)-Ru(3) 2.8078(4) Ru(2)-C(1) 2.093(3) Ru(2)-C(2) 2.076(6)

Ru(3)-C(2) 2.105(6) :

C(1)-C2) 1.469(7) C(2)-C(3) 1.515(9) C(3)-C4) 1.555(11)

C4)-C(5) 1.584(10) C(5)-C(6) 1.606(12) C(6)-C(7) 1.633(10)
_C(N-C®) 1.395(9)

Bond Angles (°)

Ru(1)-Ru@2)}-Ru(3) _ 60.355(11) Ru(1)-Ru(2)-Ru2A) 59.677(7)  Ru(1)}-Ru(3)-Ru(2) __ 59.010(10)
Ru(2)-Ru(1)-Ru(2A)  60.646(14) Ru(2)-Ru(1)-Ru(3)  60.635(10) Ru(2)-Ru(2A)-Ru(3)  60.224(7)
Ru(2)-Ru(3)-Ru(2A)  59.552(14)

C(1)-C(2)-Ru(2) 70.0(3) C(2)-C(1)-Ru(2) 68.8(2) C(2)-C(1)-Ru(2A) 110.6(3)
C(1)-C(2)-Ru(3) 106.5(3)

itk 2213, 3 DONF U LKL, 7 0F D F DB - -SEATEOAL B TR U i
BTHDHIEEHSNIT Uz, Table 4 - 1417 2 E T S N7z UK - - EATEAL L 7 )L >
WA ZRUIEDN, 2Oh S35 X212 ZORMBRO MM EMEAND7R <, #Hik 22 28
BZF5 < 9 HTH 5. Ru-Ru HHEHEIZ 1L 2.7618(4) A (Rul-Ru2), 2.8000(5) A (Rul-Ru3), 2.7887(6)
A (Ru2-Ru2A), 2.8078(4) A (Ru2-Ru3) O 4 FERE S N2 ORICIIR ERERITID o/,
C1-C2-Ru3-Ru2A O 1L, 2.51°TH D, C1-C2 #EA 1L Ru3-Ru2A IZ K U THEFTH 2. T
F iR FEMBERE (C1-C2) 13 1.469(7) A Th o7z, Tabled - 14E HIKT 5 ERPREOTH I, &
NETHRESNLEHPFNTHLIENWZ 2,

Table 4 - 14 VORE -7 - EATRAL LY IV D8RR D 7 IV 3 o pr F R A

complexes C-Caum,i(A) ref.
Os4(CO)o(CoHy)(5-17-CoHH 1.42(2) 39
(7°-CsHs)WOs3(CO) o ps3-CCHa) {115- 772'CH3CC(06H4CH3)} 1.35(2) 40
(17-CsMes)Mo,Cox(CO),S5(145-777-PhCCH) 1.356(17) 41
(7]5-C5H5)WOS3(CO)10{ﬂ3-77 -Cz(C6H4CH3)2}H 145(6), 138(6) 42
(177-CsHs)WOs5(CO) 1o { gia-177-C2(CO,CoHa), Y H 1.399(18)
IrRu3(CO)y, (- 77°-PhCCPh)H 1.399(10) 43
IrRu3(CO) (13- 77°-MeCCMe)H 1.385(12)
0s4COYo( 17-PhyCy) (465 77-PhCCPh)H, 1.44(1) 44

. % Chen, H.; Fajardo, M. Johnson, B. F. G; Lewis, J.; Raithby, P. R. J. Organomet. Chem. 1990, 389, C16.

“ Kuo, M. T Hwang, D. K.; Liy, C. S.; Chi, Y; Peng, S. M.; Lee, G H. Organometallics 1994, 13,2142,

4l Riaz, U.; Curtis, M. D.; Rheingold, A.; Haggerty, B. Organometallics 1990, 9, 2647.

2 (a) Park, J. T; Shapley, J. R.; Bueno, C.; Ziller, J. W.; Churchill, M. R. Organometallics 1988, 7, 2307. (b) Park, J.
T.; Shapley, J. R.; Churchill, M. R.; Bueno, C. J. Am. Chem. Soc. 1983, 105, 6182.

* Ferrand, V.; Siiss-Fink, G; Neels, A.; Stoeckli-Evans, H. J. Chem. Soc., Dalion Trans. 1998, 3825,
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BAE EBNTZUALNFYERY REEGREALT 4 U BLUP TV EORIE

§54% 2a IR T ORERIGHIE

MR 2a L2 OAFY VI, VOOF Y VI EDRIG T, 2 7D Cspd)-H FHEN
P En, —HEHEGO 1 DOWKREINE, INSORRICEDE, ik 2a EBRIROTDOKR
ISR e Ulze SHR 20 &3 7 OAFH DI OHEE KGHHE % Scheme 4 - 1WZR U7z, §
R 22BN L2 o 7 OAFH DT 3BT )L 5720 A2 X o T .Csp)-HEG B0 Il X .
é%m%ﬁ19@2ﬁﬁéﬁ%§TéRwH%éKﬁkﬁéoﬁmfﬁﬁ%%%ﬁm‘qwﬁH
HAOUM., BARRISIZED w170 70~F2 V8K B 3R T 2. Sk B 20 5884k 20f
IR DT BB 3 MTIHRANRIENSY 7 T A BN T 2T LT IIVF R E R T S LR U
THDIEBZBND, ¥ 0F I DT ORI HScheme 4 - 11ERIUTHO, ZOHRER
HEEIT Lim-yf(//)?ﬁ 047 F UK 2 WERT 2, /0 F 7Y DT ORE. NV T 51 R
FRARDIA AR U7 W FREIEA 50 TR,

O v
Hs/ C-H bond

—_—
/ Insertion
Hy
cleacage
AN o]
H4 80°C
: O
R ———--
@:CcpRu C-H bond
cleacage
— / ——— —-
reductive 5 C-H bond
elimination

cleacage

-H, B

Ru-Ru bond
cleavage

4

N7

Scheme 4 - 11 $84K 2a & 27 ONFH I T OHEE K bR

44 Chen, H.; Johonson, B. F. G; Lewis, J.; Braga, D.; Grepioni, F.; Sabatino, P. J. Organomet. Chem. 1991, 405, C22.
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BE5E MBILTFZOLAFYERY FEFREEFASSUBLIURRT 4V EDRIS

EEE MOBLTZIALAZHER) FEEREEFAVSVELUVRRT 4V
EDRI

B8 #E

SREARLE FOLS Y EDRE

Tl T FE e E ORBREALKE~OfE v Ko oV B, Bix G A
FEMERRT 5T ORI TEH S, ik L Ui, RICRAYERBISENGHT
HY MO ARF L Fo v ) LIS EERT A b Mo T 5, ' & Fa v U RIGIE,
Si-H i & DU & RSN 1208 LTHERIZ Lnb, EBEESRMHEERIC X 5 Si-H S OIRL
(%< DR RENTETVD, 2 |

R BN ER A E V- Py T o oiEM IS < E ST\ 5, Eisenberg
R VY Akl e Ry T v EORIGTARBY I VU ERRBOhD Z EEFLNICL
¥ (eq. 5 1) 1 B FELT L2 AT E CHEICIRY AL NS,

rP>Pp PP (eq.5- 1)

( ~ ™\, =PhyPCHPPhy, R = Ph, Et, CgHys )

—H BRI AT =UALT FTe RY FEEEE b Fa LT ORISE NI L7,
CHIZE BT =UAT R T RY REEARE DV Rryv T L OIS T, 2 20O&RH L
2 & B2 TEMEAIC Ko T BBERY e Si-HL G OB % AL L 72 (Scheme 5 - 1), IR TR
JSEATH & Si-H GBS EIEr S, B AUE Y VBRSO LT, miE O E L & B Bu,SiH,
EROSSBIZHAE. VI VOBMYIALII I HFCILE VRGBT VRN E LT, € AEE
Y NERIIINET 5 2 & T, -Si-H A BYIB SN TEREUHE T U U EEMAER LT,

! Pedersen, H. L.; Johannsen, M. J. Org. Chem. 2002, 67, 7982 and references therein.

" 2 Corey, J. Y.; Braddock-Wilking, J. Chem. Rev. 1999, 99, 175 and references therein.

* @) Wang, W-D.; Hommeltoft, S. L; Eisenberg, R. Organometallics 1988, 7, 2417. b) Wang, W-D.; Eisenberg, R. J.
Am. Chem. Soc. 1990, 112, 1833. c) Wang, W-D.; Eisenberg, R. Organometallics 1992, 11, 908.

4 (a) Suzuki, H.; Takao, T.; Moro-oka, Y. J. Chem. Soc., Chem. Commun. 1992, 476. (b) Takao, T.; Suzuki, H.;
Tanaka, M. Organometallics 1994, 13,2554. (c) B & 88, A0, MR TEKRE, 1995.(d) &H &, &+
PR3, B TEKEE, 1995, .
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HESE EBMLATZULAFYE R FBARLEROVSUEBLUVKRRA T4 Vv EDRE

ﬁ RySiH HXC /
SN SN 2SiHy =S K O
l{\ R > —Iﬁu-\-H- “Ru-X —Ru\
H—Si
\
tBUZSiHN R,SiH / R = Et, Ph, p-Tol

tB“\ /Bu

Yy

Scheme 5-1 “ AT = AT FFt KU FMfkE b Fuv T Y ORE

NT =y L ERBROGHERLERETH KT NT e R REEEROEE, ZBLT =0 AT
NF b RY REEERE D RIGHEIES 257, B Ry on 2 0 T]RVAERT, 2460 L
VR E 2D T ERKAR, MBI LV BTSN, *

WEBDZBNT =0 b2 R Rkl b FrY T 0 & OIS T, ZE4EE
VEERDERT 2 Z EBRB I LY R & e, Z OSERTIE SR ENIC AR L 72 B AR AR EE
WXt LT, 320 Si-HFEANRo BALLTWEZ ENHALMIENTE (eq. 5-2). & E1-KIE. B
Bk, ZA T =0 LR b RY REHE RICBRBGMESR 2 RGEA T & L CTEA L, SRR
BOBFRRREZHE L, t Frd 7 o 0OEHnicB UTRIERHEETT > T35 (Scheme 5
-2 PP IbOMEL D . T - SRR ECIBET 2 &R PO KA mENRERIC X
D, ERFRYTUOSIHEBBZ Y, 7525 —EICRYIAENS Z LB LNCR 5T,

i i

H/‘L\H

\ RSiH; -

/H . '% ‘7 (eq. 5-2)
R

* " /}% (R=Ph, Bu) H—Ru——H

5 (a) Ohki, Y.; Suzuki, H. Angew. Chem. Int. Ed. 2000, 39, 3120. (b) Ohki, Y.; Kojima, T.; Oshima, M.; Suzuki, H.
Organomeiallics 2001, 20, 2654, (c) /NI 18, 2EALFRSL, ﬁ;ﬂl%jr%, 2005.
O R MR, SRR, BUK LR, 1996.
PN IBEA EANTERC, BURTEEREE, 2003
AR &2 EEIRC, R TR, 2004,
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ESE OBILTZYULAZHERY FEFREE FOVSUBLURRA 74 VEDRRS

1
j\ BUS|H3 -~ CP\R/* ,H\\F\ u/cp*

AN
*\
&é 7% (M = ZnEt, MgEt Li) N/

. i~

—_—»

Rl Al S=Ruc7 S Z
AL HS H \R§? N
(=R} A Hy N

H Cp*'& Cp* Al
(R = Me, Et) \

Scheme 5 -2 =BEBLBRMNTFEZETIHI=ZEAT =V LR R FgEE vV e Fed I ol

Tz U UEESE R R vz e Fu T ORI RIED & ZAHWEFIME L A LR,
W 5 25— Fict Ko 5 w0 AZ R & LTI, Nicholson 512t % CoiCO
LT 2=V T U DORIGIC L D MEREES U K Coyl(CO)i(u-SiPh), DAL EN & TV
BOHBTHD, °

VAN RNy FAE—LE RuiS o EONGE LTI, Matsuda 5, Ojima 50 2 50 7
N X0, P Py AGEE, UZ RW/Co #ifkE AWzt Ru s U AbBUSHEE ST
W5, Matsuda 512, Rhy(CO), ZBLE LT XDV U VRV I JALEIRERF L, BIF
PANR LEPME TR E 52D LR LT (eq. 5-3) ' INIEMREZ B HNCT 570
Rhy(CO), & & FRYTF U EDRISERFTT A & Bl U A3 U VI VR = VEEER RS B,
Z O HUZEEAR O BRI USSR L B D BN 2 &b  ARIRITI W TR EE o O sk
PIEHFECH S Z LR LN EINT (eq. 5-4)

Me,PhSiH CO/Rh4(CO)1 1 2 R! 2
+ — — + = (eq. 5-3)
R1CCR? CoHa/EtsN OHC  SiMe,Ph Me,PhSi”  CHO
4 R;SiH
Rhy(CO)12 —3» 4 Rh(CO)4(SiRs)
CO (20 kglem?) (eq. 5-4)

® a) Anema, S. G,; Lee, S. K.; Mackay, K. M.; Nicholson, B. K. J. Organomet. Chem. 1993, 444, 211. b) Evans, C.;
Harfoot, G.; MclIndoe, J. S.; McAdam, C. J.; Mackay, K. M.; Nicholson, B. K.; Robinson, B. H.; Van Tiel, M. L. J.
Chem. Soc., Dalton Trans. 2002, 4678.

19 a) Matsuda, 1.; A. Ogiso, A.; S. Sato, S.; Y. Tzumi, Y. J. Am. Chem. Soc. 1989, /11,2332, b) Matsuda, 1; Fukuta,
Y.; Tsuchihashi, T.; Nagashima, H.; Itoh, K. Organometallics 1997, 16, 4327.
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CESE MBI TIVALANTYE R FEEREEFOVSUBLURRA T4V EDRR

—J7. Ojima &% Rhy(CO)y2, CosRhy(CO)y,, CosRA(CO)y, ZAlEEL LCTA VY F Ly, 7 mak
‘%/V\V&Dm%?/yfLA%VV@EFDVUWM%@%L\%&%WRMMWM;@
Cox(COY I MURLSER DIEMEN N L &R L, FTH CoRhy(COYyy DIEMED T b
EEHBMZ LT (eq. 5- 5)o ALFBERMBUEDOMR DG, ARBE OMIEITHERE L Rh/Co —RESEA
ChHIEREBMICENE, T COE DIl TRy MR AR LT LE 5 a2 T
AL — [ TERTER A ORI A L LTIV TR 0 | SRS & LT Fa v ol kic
BGLTWD DT TIERY, BLEDZ Enba0d &5 ic, MESERISRICBIT e krnv s
Y OIEMABIZOWTIL, BIED & Z AP B2 TR,

@:o — @—OSiMezPh

cat (eq. 5-5)
cat: Rh4(CO)12, COthz(CO)12, CO3Rh(CO)12

HSiMe,Ph

Si-H A OYIWT RIS & & BIT Si-C G OEIWIEIE b, 3 U MEEUSIC I8 28 A7 &G T
bHD, LML, Si-CHEGUIMSIGO®MEHNIL, KN Si-PhfES OB TH Y. Si-C (sp’) MA
ZEE LBz b T Th b, P HlziE, THAT=YATF T R REEKRE B U mF Ly
7 & DT Si-C fiA OUBHI R BRIV, Tt U, KRIZZERE R R 7 « N
P50 T 5 SR ERNT, N ZFATT oD Si-Csp’) azgilrL, “BAT=7 5
G Y LR BRI (eq. 5-6), ©

E /Et
) Y
R'€>Ru\ Et;SiH : I-I{R/ \RI/:\ (eq. 5- 6)
A —
/ ——’
wY we
2 2

1" a) Ojima, L; Donovan, R. I.; Clos, N. Organometallics 1991, 10, 2606. b) Ojima, I.; Ingallina, P.; Donovan, R. J.;
Clos, N. Organometallics 1991, 10, 38. d) Ojima, 1.; Donovan, R. J.; Ingallina, P.; Clos, N.; Shay, W. R.; Eguchi, M.;
Zeng, Q.; Korda, A, J. Cluster Sci. 1992, 3, 423. ¢) Ojima, I.; Li, Z.; Donovan, R. J.; Ingallina, P. Inorg. Chim. Acta
1998, 270, 279.
2" a) Thomson, S. K.; Young, G. B. Organometallics 1989, 8, 2068. b) Hofmann, P.; Heiss, H.; Neiteler, P.; Miiller,
G.; Lachmann,J. Angew. Chem. 1990, 102, 935; Angew. Chem. Int. Ed. 1990, 29, 880. c) Burger, P.; Bergman, R. G.
J. Am. Chem. Soc. 1993, 115, 10462. d) Lin, W.; Wilson, S. R.; Girolami, G. S. J. Am. Chem. Soc. 1993, 115, 3022.
e) Kakiuchi, F.; Furuta, K.; Murai, S. Organometallics 1993, 12, 15. f) Schubert, U. Angew. Chem. 1994, 106, 435,
Angew. Chem. Int. Ed. 1994, 33, 419. g) Lin, W.; Wilson, S. R.; Girolami, G. S. Organometallics 1994, 13, 2309. h)
Hua, R.; Akita, M.; Moro-oka, Y. Chem. Commun. 1996, 541. i) Akita, M.; Hua, R.; Nakanishi, S.; Tanaka, M.;

" Moro-oka, Y. Organometallics 1997, 16, 5572. j) Shelby, Q. D.; Lin, W.; Girolami, G. S. Organometallics 1999, I8,
1904, .
BORAR L, GRS, HRTEERAE, 2001
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B5E MEABILFZIOLAFHE R FREALEFOLSUB&URRA T VEDORG

T, BB R T 4 FENFIc L OV TF =0 A FOBTHEEN ER L. AT =9 LD
MIMEERH EL TV ThHiEEZLNTND, 2 LT, ZEAT =T L Z e N
U REEERE FU=FLLTF ik, KL,

TAVE TIUREEER 22 & REIRRALAKSE & OFRRIC LY 4 SOERT.LOBRRRERC L
D, C-HIC-CHERHRMILEH TR TX B EERLTE L, $ik2a b Fuv I oK
INEMRETT 22 EICE D, USRS TED X dice Fa 7 URIEM LS D, JR%E
BDZENTE D, FlFFHCUBRERIL T, ZBSEERICEE~NTRE T, SRS o8
WY, L0 OBFEMBICBE - G TEL00LEXLN, Thbb SiHFHEEDOHRR
B9, MEREEETH D & SN TE T Si-C (sp’) FEABIN GIRF R EMF T Tl T& 5 2 & BN RE
T& D,

ZREARLERR T 1V EDRIG

SRR RT 4 MITABEREECEB O TR OGBS AV TWDIERATO 1 D> TH 5,78 A
7 4 VAL TR o M, 2R R AT A, BRER L RERMEEERT S, &bt
VIRF EOBBEEELSELZLICED ., ERTLOBFEELZHIMT LI ENTRETH D,
o, RRAT 4 3 BREOBRIZEV Z0aE S 2RAK KR TED DT, 7T AF—K
NGOV A X% DFUMEN G52 &L TE D,

X, ZBAT = AR HE R REERESRART ¢ VEDRIGERFTL, 1 5+ 0K
AT 4V INKIRECNL LT R ERR T2 2 L 2O MNIT LT (eq. 5- ) ™ ZOIGIE, AT
y mﬁﬁ:ﬁ@f@%rs% S LTI CRIET 5 & SRR A 7 4 L OBFHIRIEE L 0 T LA
MR EE SICKE SN TV Z EBRPA LIRS T, AT 4 2D cone angle” K E L 72
D EPONMTEIT LK< 20 ZDEBERI 145 HETHDE LTWD, Thbb, RIA YT
EIVIRA T 4 (160 ©) <2 P(o-Tol)s (194 ©) & i MBAGMETICB W TH RIS LR,

| PR
PR
ij&iH
AN —

H

R = Me, Ph, p-Tol, m-Tol, OMe, O'Pr, OPh

MO AR, BT, U T R, 1995,
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BEE EBILTZULAFHERY FBEELE FOVSUBLEURR 74 Y EDRRD

FTE, MY RAF NIRRT ¢ URKRIRENL LT ZRA T =7 AR Z e R U RESR 2 InZk
FTHIELITED, PC(sp)) AVUMENT, ZEEBEAT 4 =F L -ZBHEFATF Y V5
EWBERT DT E2RHLTND (eq. 5- 8). BBARBIAIZ L 5 P-C (sp’) FEG OUIBITIZITHE
Lo TELI XL RIROMELIMTIT, KARIZE D AT =0 AER R 7 4 ok
%}fﬁb\f: NI AFANEREAT 4 D P-C (sp’) FEAIBORE (eq. 5- 9). © Siss-Fink Hizk %
1’-CsMes il T2 A4 5 “HAT =T 5 kU B FU FEEAED PRy (R ="Bu, "Oct) @ P-C (sp°)
HEYMI L, RERR T 4 FEEEE 52 2MEDHLTH D (eq. 5-10), '

N
ﬁ wv* ﬁww 10

CRE TS =0 AnE LK) FG2a & b 7 =2 Ak 3T 1 ok ORI RE
ERTND, U gk 2a LIBRIBEDO RN T 2= LKA T 4 EDRIGETIE, EHERRRAT 4 =
FURIET Ak U F U (17-CoH)Rus(us-PPhY,(u-Colls) & BIELT = A b U b B REIK
(17°-CsHs);Ru(H)3(PPhy) 2MERKT 5 (eq. 5- 11),

!5 Tolman, C. A. Chem. Rev. 1977, 77, 313.
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5E

(\7R

DB ILTF = hntd - K FEKREEFOLSUBEURR T 2 v EDRIG

® T
AR PPhs Ph//\ i
l/g\azua — >P\§Z:\7 * H’jl(;PPhg (eq. 5- 11)

HSQ

2a

PER 2a LARART 4 L ORISERRT D2 LT, WESERKISHOY A X2 UCRHMIiT 2
TENTRETH D, Efo, MR LOZERPOLOMAFEMIL T, RETHDL L IND
P-C (sp’) f5& DU bR T& 2,

Zﬁﬁfﬁ‘ R LT = AP b Y F§lfR2a b b Frd I BLXOFRAT 4 v & DRIEG
ERE LI, & NuT I EORUSTIE, Si-H/SI-C fARNEIBT &N, F2T7 4 v & DRISTIE
U T AL —EEEOEWR BN P-C (sp’) EDEUMBIEZ S Z & EW LML,

16 Tschan, M. J.-L.; Chérioux, F.; Karmazin-Brelot, L.; Siiss-Fink, G. Organometallics 2005, 24, 1974.
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FESE MEBLTZULAFHERY FBELERFOVSVBEURR T VEDRE

28 MBRILTZVLAXHE R F#EAKELEFOLS Y EDORIE

FP K2 L PV B R Y I LT T 220y T e ORIGERT LT, & OfE, Si-H
WO L Ru-Ru ABGMISH, /<4 7T A BNENAT =0 L ZHHGY D VBB ERT D 2
EEB LM LT,

$ERKk2a TNV SVEDRR
~Si-H S E L UBKRERICE DN\ ISABR=ZFLREBEL U IILEBEROER~
Gtk 2a DF N R 7 I UBRIRICRI LT, 7220y 5 0% SEEABMEL, HRT 1
(B S Wiz, WROAILRBED ORERE~LEE LT BET TRHO 7 2 =117 e i
WErEETHIET, NETITAMUBNAT =0 L BB U VESE (17-CsHs)Ru,Hs-
(511" 77 7P-H,SiPh) (23a) % BABEIN =R 85% CT/A7= (eq. 5- 12),

@

PhSiH, 0 s.\R u/(d

(\)Ru‘/\ THF, rt, 1h \/ s (eq. 5- 12)
[a% &
2a 85% 23a

$5IAK 23a 1%, "H NMR B LU PC NMR A2 MUz XY FEE L, 'H NMR A~27 buicid
Cp BT HEDL VTV TES L 1:22:1 T54.63, 4.67, 5.07 I &, "CNMR 227 bv

CRBWT b RIS 3 RIEO Y 7 URs72.2, 75.1, 183 IKBIBR ENTz, 7 == VEic K3 v
FAOBEIELED 1 HFOT ==y TR AENTZ D L 2R LT, £ Y FEIFIZ
KSR, 51300 RIS 7Tk LT TH 5 ORESRE CRIR SN, Zov s
F L -80 °CIlZIBVNT, 5-16.68, —13.80, —10.21 IZFH TREE L 2:2:3 D 3 FEIHD L 7 F & LT
BEShiz, ZOHRT, §-1380 DV T T MIDIRITAREDYTITA by 7V v ITRERE
. FETEOKE ZiL Jsn=280Hz Tholz, Cp BT V7 ik, (KR FTHIEL
EHETH, RLEMBES R T,

$518 22 & 'BuSiH; & OFUSIIRAIC L o TEBHICHE ST Y, NFT7IFAMUBLT =
LEERRE S ) VEER (77-CsHs)RuHs(us- 17 17 7-HySiBu) (23b) 23ERRT 5 2 L S B vc &
NTWD, B 48K 23b T, (REICBWTE Y REALTIAESTRELL 3:2:2 0 3 O 75
e LTHEIND, FOFTS-13.99 QH) OV T F VDRI AZLEDYTTA vy T
VBB SI, Jau=539Hz ThoT,
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BE5E MRBRILTZOALAFHER) FEALEFALSUBLURR T2 VEDRIS

2ET 3 FIEEGDIEEOEE L, r A F PSi) EKE (H) & ORBE T Jgu & Pl E &
THILENTE D, AT A FBLAYW TIE Jon X 200 Hz Al Th 5238, Si-H MICH EVER %
7elpuvve RY K- U LR (H-M-Si) OBFA . Jsnld 20 Hz 2L FIZBIE S5, ZhicstL, 2
BT 3 PLFER B RFOSEHE (Si-H-M) BUOSEHATIX, Jgn X 20 ~ 140 Hz & PRIEEZ &5 2
EBRBEENTWA, V7 S5k 23a D Jgq 13 280 Hz TH Y, = OfEIE Si-H-Ru iz 2 &7 3 Hols
WEMEMAEET 52 L B Re bOTH D, $51K 23a 11 62 BAHETH V. EAN AIICHER T,
Ru-Ru fA0 1| DU &S N7e 4 7 54 Bl E LT D b0 LB OND, BT T A X — L
Fle Fav 7 roiT, 2RHHES RN SN2 RIGEREMRRbOTHY | HIRICES
TNVIZULERTHEEAT=0UL N R NE§REE/ PRy T U EORIGT, ZBR
By U IVEERR AR T 2 MEN M OENDDHRTH D (Scheme 5 -2),

ARBOGTHE, $5K 2a IZASIC STH A EZOMT2 L L b IZ 7 TR X —DEBEBRERZ L,
NETTABIZEREY Y VAR 23a 24T D Z L BRI Uiz, KW, $ffk2a L Ve Fr
VI '/ FRv T U EORISERE L,

i1k 2a & Bu,SiH, DRI ~ 2 tert-TFILEEL ) L VA DER~

$E1A 2a O benzene-ds TEIRIT T L, Bu,SiH, % 3 fE /LB %, 80 °C T 69 REHMEN L 7=, WK
ETTBHEEEL, TVIFATLIaw I 7 4 —ChlE- BTz Licky, gL
T2V LY tert-T FARMEY Y L BEHE (7-CsHs)aRug(u-H)o(15-H)o(4-Si(Bu),) (24a) % HLBEILR
30% T2 (eq. 5- 13), $E1A 24a II IR RNE L EEM TH Y I KIEOTEF L & id 145°C
FCMEA LT3R TH D | BuSiH; i 120 °C ETHE L 7= RIS TH o e, 145 °C F T
BUTBA TR 24a I T BELTVWAH I L& THNMR A7 MW X DR LT,

Ru Bu,SiH Y
2SiH —
/\u’ﬁ - tBu’s\| /\ “/Q
(\TRL(RU (\7Ru< \
HY \; benzene-dg, 80 °C, 69 h HY 9;

{eq. 5-13)

2a 30% 24a

'7 See for example : (a) Aitken, C. T.; Harrod, J. F.; Samuel, E. J. 4m Chem. Soc. 1986, 108, 4059. (b) Procopio, L.
1.; Carroll, P. J.; Berry, D. H. J. Ain. Chem. Soc. 1994, 116, 177. (c) Schubert, U.; Miiller, J.; Alt, H. G,
Organometallics 1987, 6, 469. (d) Colomer, E.; Corriu, R. J. P.; Marzin, C.; Vioux, A. Inorg. Chem. 1982, 21, 368. ()
Shubert, U.; Scholz, G; Miiller, J.; Ackermann, K.; Woérle, B.; Stansfield, R. F. D. J. Organomet. Chem. 1986, 306,
303. (f) Shubert, U.; Ackermann, K.; Kraft, G; Warle, B. Z. Naturforsch, B: Anorg. Chem. Org. Chem. 1983, 38,.
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ESE BEBATSOLAXYE R NEREE RDVSUBLURR T4 VDR

fR2aLE/ EROVSVEDRI ~EEL) L UBKOER~

Bk 2a DT PTE R T IUBIRICH LT, P ZFAT T Uk 3FEARME, 80 °C T
43 WERME Lo, WUE FOREEA BB LT, M UKD bRRET 5 2 St kT M
T = WA/:n%v L ) LU BEIR (17-CsHs)aRug(u-H)o(15-H)y(1+-SiEty) (24b) % BAREIN 2R 59%
TlRIce T T I T JT LY GEA 24b OB - B A RB T, $5E 2a 36 L OMESR OKFE
B~ LR L, B 2 2 L3 TE D07z, 'H NMR A2 MU X B RS &8T5 & .
T AZESL VT FANS0.80 1B S,

@ B <7
' “gi—RU
Et;SiH :
\ 3 i - Et/ /\\- U/Q
R(f? _j%;
; THF, 80 °C, 43 h > (eq. 5- 14)
2a 59% 24b

P 7am=p v T P TFATVTVEDRIRD N =T v T o OBRA LRABOBRTK
JRTEIT L. ENENMENLT =0 D4FH T U U U8B (17-CsHa)Rug(-H)o(16-H),(1-SiR,) (24
R =Ph, 24d: R ="Bu) #%7- (eq. 5- 15), $EIR 24c 1T IIT & VIR 26% CHBET 5 = & R C
T TS SRR 24 1THERABICARE L TR B9 INRIIH H T & Ae o Jo, WEREHEZ A1V /2 NMR
SEERTIE, BEK 24d 25 85% KM L TVWD Z L BB Lz, $EK 22 ilEE VNV 4 Y Py
T bMIADTFATT L, MESHET (80 ~ 120 °C) THESE T, $51K 2a DN
BEINTZOHTHD,

D) / 7Q RgSiH R/s\l/é\u% (eq. 5- 15)
0

2a ’ 24c (R=Ph)
’ 24d (R = "Bu)

1488.
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FEE MBILTFZYULALYE R FEALEFBLSUB&UTRR T4 v EDRIG

BEVULUEEK 24 ORE

$H1R 24a, 24b 13, 'H NMR, C NMR 227 b, TEEOHIC LY. 85K 24¢, 24d X 'H NMR
AR NVAZFEDSWTREE Lz, THNMR A7 MW, B KU FEAC TS T 70,
SR 24 TIXS5-15.19, —13.66 |CRESYIREELL 1:1 O 2FEIHDO T 7L & LTBIESNIZDITR L,
$E1A 24b, 24c, 24d TIRWTFTRGIRIR/R AH DY 7 F b LT, §-14 fhERBE SN, *h
BDVIFAD DL, 4k 24b, 24¢ 128 UTIHIREE A2 'H NMR 222 RAZHIE Uiz, 5k
24b ([ZDOWTIIRIR T B, $fA 24c DAY
FVIE, BRRT DIV L, 60 °C T
FESYIREE L 1:1 O 2FEIHD A~ hop b ¢ Temeeraure (0

213

ARSI, K 24 135 TICHIE 2 AT m /N R N
D, CpRBITESS VI ME B s e T e
B 1l o2 7k LTBE SR, S5k ZW

24a,24b O BCNMR A7 b Vicid, Cp
WEDSL VTR 2 8O 7k L
THE sz,

3.7 13.85 (ppm)
Figure 5 - 1 84 2dc DIRFEFIZ 'HNMR A2 kL
(400 MHz, toluene-dg)

Table 5 -1 PAfENT =7 DG ) L U gEEO "TH NMR A7 h LT — & (Jppm)

complexes Ru-H Cp solvent, temperature
(7-CsHg)sRug( - H)o(15-H)o( 1-Si'Buy) (24a) —15.19,-13.66 4.30,4.48 benzene-dg, 1t
(17-CsHi) Ruy(1-H)y(15-H),( 1-SiEt,) (24b) -14.30 4.21,4.35 benzene-d, rt
(17°-CsHs)Ruy(z-H) o 115-H)o( 1-SiPhy) (24c) -13.81 4,16, 4.42 benzene-dg, rt
(17°-CsHs) Ru,( -H)p( 15-H)o(4-Si"Buy) (24d) -14.29 4,24, 4.36 benzene-ds, rt

Table 5 -2 POENT =0 LGV LU gEED BCNMR A7 b LT —% (§ppm)

‘ complexes Cp solvent, temperature
(775'051‘15)4RU4(/I'H)2(#3'H)z(,u"Si’BuZ) (243) 703, 70.8 tOluene-dg, 1t
(US'C5H5)4RU4(IU'H)2(IU3'H)z(ﬂ'SiEb) (24b) . 699, 71.0 benzene-dé, rt

fR1K 24b D ENRYIETE

$EIR 24b Dt FU FEAMLFROICV Y VBN FI3EIRREE2F 35 - EBMRETE 'H
NMR A7 hAVRIE & 0B S22 5 72, toluene-dy ZIAIEEE LT, IR A2 'THNMR A2 b
NERE LU, B Y FERALFICES L 70, BRCIIIRIAR 4H 55 ORDHE 2 ov
FFl LUCTBESNDR, BRIV L, —60 °C TEl7 2 O v 7 & LTI
ENnte, £, FRIZ IS TY T T RGN T F A~ B L, 60 °C TIZERIE, 3.2 Hz
Elrote, T b OEGITHE 24e LFLILZ LD THD, 20O FU FRMFORRY hYE
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BS5E BBATIOVLAFRYERY FEEREECRFOVYSUEBIUHRR T 1 Vv EDR

by Ial—var L BB ARTMEE k2D —T 7 4 w54 7 X 0K, Eyring
ORRA LT, B/ ZRIEPEITVD, IEH6/RT A —F—% At = 4.0 + 1.5 cal/(mol’K), AH* =

13.8+ 0.4 keal/mol &% L7z, Figure 5 - 2ICIREAIZ '"HNMR 227 bl alb—va R

N7 bV, Table5-310V X o b—3 3 U5 %, Figure 5 - 312 Eyring plot %7~ L7z,

Temperature (K)

-14.0

-14.4

1 ppm
-14.8

60000

Exchange rate () J\ k
9000 .,

Figure 5 -2 $8{K 24b OEEFZE 'THNMR 227 bL (£R) BLUOY I = b—va v (HR)

Table 5-3 & 24b DI 2 L—3T g VHER

T(°C) 7 (K) (K™ k(s In(k/T)
80 353.15 0.002832

60 333.15 0.003002 60000 5.0112

40 313.15 0.003193 9000 3.3583

20 293.15 0.003411 2000 1.92022

0 273.15 0.003661 360  0.27608

-20 253.15 0.00395 60  —1.43964

—40 233.15 0.004289 4 —4.06539
—60 213.15 0.004692 0

‘

Figure 5 - 3 #&{A 24b O Eyring plot

PR 24b DIEMEAVL ST A —F —OffEIL, LT =7 L3858 2-7 0 v ) 5 485K 16a & XL <
—HLTWD (B4 ZHB), 202 SO, BB T NIREP T A B THDIDNERD

2, b R FENLF O, BEEIER—TH 5,
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BE5E MHLTFIYLAEHE Py FBEEE FOSSVBEUKR T 4 Y EDRR

Cp BIcES V7 F L oRENE 'H
NMR A7 (Vv ZFigure 5 - /128 L7z, Cp
FNZEKAS LT F 320 °C T2 fEEO Y :
T E UTHRMBICBIE s, FiRicHEn
A& L, 80 °C T, 1 %iiﬁ@vffgv& LT 3§§3KK I
Blgsniz, ik, (KR CIISim % 2 of sk —
F B U 24b B, FHRTIL T, AT ﬁ%gffgj —
5o LERLTED, Pabh oo R BT —ie—

| ™ ppm
EELEERRE YV UBMFREEE - T 4.30 4.20 4.10

|
WHIEERIRL TN, Figure 5 - 4 $5(K 24b OLEFIZ 'HNMR 222 kL
Cp #DT 7T MR BEREL 7 b

BhBED, VI zlb—i 3 4 & AEMAR

NG A= —DBEBITEladot, V7
0 E V= VI OWT, B FY FE
PF & FAHHEE 273K, k=360s") T
Tab—varafTde, ZOXKHBEET
EERAMEE R, BET 22 Lhoho
7= (Figure 5 - 5), Zh kv, & FU NEML

—+ —ppm

F-ORMBHEEICH LT, 7 U 430 220 410
ZVERAL T ORI BN L B Do
e, ZTOME, €Y NREFOVA MR
Bl B LY ) v BN F OB EhE
i, MZOMETHIT L Cnb B2 b5, UEEKR O VR TOBENL, 74 %R
L RY RPSEEMBENC XY, S UAKEER L, SRBEEET S LT, VY LR T o
BIREE 2 LEZSND (Schome 5-3), = OBEICH, E KU FEALTF b = H4UE - 54
DOBERFRHCHEITT 5, & FU FERAFId7 D FREHERER OKFEOTBMARE TN DD
DEBEZHND (Scheme 5 - 4),

(Cp 181k, 400 MHz, toluene-ds)

Figure 5-5 $fR2db DL/ R Z Vo= VDT I o

L—a R (k=360s")
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s

HES5E MBI TIZOLAXYE R REFEE FOYSUBLURR T4 v EDRRE

process A

;‘71 >\// N =

H 4R(I~H

Ru:(n -CsHs)Ru

Scheme 5 -3 §5{4 24b EDEERET Y L BN T O BB

process B

Et\ ‘&\Et . Et SEt \ ~\ Et, '&Et Et '&Et
o i’

Ru%%Ru R “Ru R R Ru R MW*A«»»»WI.RH R § /“Ru
\\\t "’”«4;’37 —- \ku — W > \\ r;l’ N L% — Lﬁ}zy/
A Ry Hy % /Ry | ARy

2N, ~.\./ \H y \ i \H

Hg= Ru~——=y Rty Ry Ry S R

a

Ru:{1-CsHg)Ru

Scheme 5 - 4 $&{K 24b D& NV FENLF DO BIRIETRE

Beringhelli, Sironi H XL =T ATt R FEEK Re,Hy)(CO)y D2 DDk R U REUL T34
TARTMAE ETEOYA M A% T BIOEMALT Y ¥ L% 4B = ca. 10 kealimol &
BHLCRY, ¥ F-XEE, BREREMNFE2A T AT =0 A ) B R K
(7-CsMes),Ruy(u-H)3(1-ZnR) (R = Me, Et) Dt F U REYLFD YA RO EHEMAL= o Z L —
%, R=Me DA AH =11.0 + 0.5 keal/mol, R = Et DA, 9.6 + 0.5 kcal/mol &3KRH T3, 7 §
K 24b OIEMALT U ZNE—DEIZ IO OWEEE K< —BLTB Y, ZhidsEk 24b D &
R REULTF DY A 2SS A Scheme 5 - 4128 L & 5 74y TR BESA & R i3 B M T b
HTEEIRLTND,

BRI LUBRDSFIEE

SR 24b, 24c, 24d DL THEEY . HER X ST LV LN L, M B E
30 °C THETHZ LIC X VT Lk AV T, Bl X BSEMT 217 - 72, JE
Rigaku R-AXIS RAPID [E[#7#:{& % FV >, Rigaku PROCESS-AUTO 7’1 7'J Az LV 5 — X 40BE L
e fRATIZOWTEL SHELX-97 7’1 75 A= & — V% U, Patterson 12 X D VT =17 AJF

18 Bergamo, M.; Beringhelli, T.; D'Alfonso, G.; Mercandelli, P.; Sironi, A. J. Am. Chem. Soc. 2002, 124, 5117.
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B5E EMILToYLAEHE R RBEREE FOLSVELKURR T4 Y EDRRS

T DJEFEZRTE L, Fourier & ERIC & V0 7% 2 FEK B IR OPEIE & IR E LTz, SHELXL-97 7’'n /"5
L& AWT, BN ZREE R TORBEL L, & TOIEKERF 2L HTMICRE Lz, fihsn
54 lEgtE Table 5- 412 F & -,

Table 5 - 4 $5{A 24b, 24¢, 24d OFE AT — 2 B L ORE SR

24b 24c 24d
[Crystal Datal}
empirical formula CpH; Ru,Si C;,HaRu,Si CysHyoRu,Si
formula weight 754.88 850.96 810.99
T/K 223(2) 123(2) 153(2)
crystal system Orthorhombic Monoclinic Triclinic
space group Pra2, (No. 33) P2, (No. 4) P-1(No. 2)
alA 18.719(4) 9.756 (4) 9.040(4)
b/A 14.653(3) 15.747(6) 9.811(4)
c/A 8.8778(19) 10.113(4) 18.002(6)
o/deg 81.409(19)
Pldeg 115.75 (4) 87.328(18)
ydeg 62.248(14)
VIAS 2435.1(8) 1399.3 (10) 1396.8(9)
Z 4 2 2
Deaeg/g cm™ 2.059 2.020 1.928
F(000) 1472 832 800
1 (Mo Ke)/mm™ 2.491 2.181 2.179

crystal size/mm
crystal form, color

[Intensity Measurements]

0.300 x 0.250 % 0.250
block, black

0.140 x 0.080 x 0.040
chip, black

0.100 x 0.080 = 0.060
platelet, black

Diffractometer R-AXIS RAPID R-AXIS RAPID R-AXIS RAPID
Brange/deg 2.89-29.99 3.42-27.48 3.05-27.47
limiting indices 0<h<26 0<h<12 0<h<l1l

" 0<k<20 0<k<20 -10<k <12

0<i<12 -13<1<11 -23<1<23

26 nax/deg 60 55 55
reflections collected 29226 12126 13766
reflections unique (R;) 4006 (0.0267) 3307 (0.0607) 6359 (0.0341)
absorption correction Empirical Numerical Empirical

max and min transmissn

[Refinement]
Ry, wRy (1> 2.00(1))
Ry, wR, (all data)

1.0000, 0.8126

0.0202, 0.0472
0.0204, 0.0473

0.9186, 0.8345

0.0463, 0.1281
0.0490, 0.1311

1.0000, 0.7962

0.0267, 0.0655
0.0329, 0.0684

Data/restrains/parameters 3747/1/313 3269/1/363 6329/0/317
GOF on F* 1.265 1.059 1.062
Aple A7 1.209, -0.768 3.849, -1.161 0.790, —0.793
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CBS5E MBLTZOLATYER) FEFLE ROVS VB LUKRR T 4 2 EDRR

1) $54K 24b DH FHEE

$EIK 24b DAy FREE H Figure 5 - 612, AR, HAA%Table 5 - SR L,

Figure 5 - 6 $&K 24b D 5yF1#iE

Table 5 - 5 $E(K 24b DERES R, FEEHA

Bond Lengths (A)

Ru(1)-Ru(2) 2.6045(4) Ru(1)-Ru(3) 2.8625(5) Ru(1)-Ru(4) 2.8592(5)
Ru(2)-Ru(3) 2.8231(6) Ru(2)-Ru(4) 2.8492(6) Ru(3)-Ru(4) 2.6331(5)
Ru(1)-Si(1) 2.3368(12)  Ru(2)-Si(1) T 2.3332(9) Si(1)-C(1) 1.885(4)
Si(1)-C(3) 1.884(4) C(1)-C(2) 1.532(7) C(3)-C(4) 1.527(7)
Bond Angles (°)

Ru(1)-Ru(2)-Ru(3) 63.509(12)  Ru(l1)-Ru(2)-Ru(4) 63.050(13)  Ru(1)-Ru(3)-Ru(2) 54.522(10)
Ru(1)-Ru(3)-Ru(4) 62.537(14)  Ru(1)-Ru(4)-Ru(2) 54.292(8) Ru(1)-Ru(4)-Ru(3) 62.664(10)
Ru(2)-Ru(1)-Ru(3) 61.969(13)  Ru(2)-Ru(1)-Ru(4) 62.658(15)  Ru(2)-Ru(3)-Ru(4) 62.845(11)
Ru(2)-Ru(4)-Ru(3) 61.840(10)  Ru(3)-Ru(1)-Ru(4) 54.799(10)  Ru(3)-Ru(2)-Ru(4) 55.315(15)
Ru(1)-Si(1)-Ru(2) 67.80(3) C(3)-Si(1)-C(1) 103.2(2)
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FEEE WBILTFIOLAXYE R FBARLEFRSSUEBLURR T4 Y EDRIE

2) fE{k 24c DO FIEE

$EIK 24¢ D53 F 1§ % Figure 5 - 712, EREAR. HHEMA % Table 5 - 61TR LTz,

Figure 5 -7 8§k 24 D457

Table 5 - 6 85K 24c D ERIEEE. HEA

Bond Lengths (A)

Ru(1)-Ru(2) 2.6084(14)  Ru(1)-Ru(3) 2.8497(16)  Ru(1)-Ru(4) 2.881(2)
Ru(2)-Ru(3) 2.8616(17)  Ru(2)-Ru(4) 2.8279(16)  Ru(3)-Ru(4) 2.6513(15)
Ru(1)-Si(1) 2.325(3) Ru(2)-Si(1) 2.327(3)

Si(1)-C(1) 1.899(11) Si(1)-C(7) 1.887(12)

Bond Angles (%)

Ru(1)-Ru(2)-Ru(3)  62.59(4)  Ru(l)-Ru(2)}-Ru()  63.86(5)  Ru(l)}-RuB3)-Ru2)  54.35(3)
Ru(1)-Ru(3)-Ru(d)  63.05(5)  Ru(l)}Ru(4)-Ru(2)  5436(4)  Ru(l)-Ru(4)-Ru(3)  61.84(4)
Ru(2)-Ru(1)-Ru(3)  63.06(4)  Ru@)-Ru(}-Ru(4)  61.78(4)  Ru(4)-Ru(3)-Ru(2)  61.58(4)
Ru(2)-Ru(4)-Ru(3)  62.87(5)  Ru(3)-Ru(1)-Ru(4)  55.11(4)  Ru(@)-Ru@)-Ru@)  55.5503)
Ru(1)-Si(1)-Ru(2)  6820(9)  C(1)-Si(1)-C(7) 106.3(5)
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BEE BEHLTIVAANFFERY FSAEE FOVSUBEURR T Y EDRR

3) ${K 24d D TFHEE
BEIKR 24d Doy TG & Figure 5 - 81T, AR, A A ETable 5 - TWooR L,

ca &)
_ C8
C3 4
c2 %
C5 c7
C1
cé
Ru1 0 ‘
Y
(3
H1
'~. g H3
RUZ D)
*
Figure 5 - 8 8814 24d D4y FHEiE
Table 5 - 7 $81K 24d DEREGE. FEH
Bond Lengths (A)
Ru(1)-Ru(2) 2.6060(9)  Ru(1)-Ru(3) 2.8207(9)  Ru(1)-Ru(4) 2.8629(12)
Ru(2)-Ru(3) 2.8682(10)  Ru(2)-Ru(4) 2.8570(10)  Ru(3)-Ru(4) 2.6306(12)
Ru(1)-Si(1) 2.3268(11)  Ru(2)-Si(1) 2.3369(12)  Si(1)-C(1) 1.883(4)
Si(1)-C(5) 1.886(3) C(1)-C(2) 1.526(5) C(2)-C(3) 1.533(5)
C(3)-C(4) 1.512(5) C(5)-C(6) 1.516(5) C(6)-C(7) 1.532(4)
C(7)-C(8) 1.520(5) :
Bond Angles (°)

Ru()-Ru(2)-Ru(3)  61.81(2)  Ru(1)-Ru()-Ru(#)  63.013)  Ru(1)-Ru(3)}-Ru(2)  54.520(19)
Ru(1)-Ru(3)-Ru(4)  63253)  Ru(l)}-Ru(4)-Ru(2)  5421(2)  Ru(l)-Ru(d)-Ru(3)  61.617(16)
Ru(2)}-Ru(1)-Ru(3)  63.67(2)  Ru(@)-Ru(1)-Ru(4)  62783)  Ru(2)-Ru(3)-Ru(d)  62.43(3)

" Ru(2)-Ru()-Ru(3)  62.86(2)  Ru@)-Ru(l)-Ru@d)  55.14(3)  Ru(3)-Ru(2)-Ru(4)  54.71(2)
Ru()-Si(1)-Ru(2)  67.943)  C(1)-Si(1)-C(5) 106.68(15)
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B58 DmIHILFoYULAFHE R FBAELE FOYSUBEURR T4 VEDRIS

GEAR 24a IZOWTHI TR 2GR TH D53,
JRAF-F8 2 HeZB Lz (Figure 5 - 9), " $i%fk
24b, 24c, 24d (IBIZHEE ) LV UBNL TR R
TOWMETHD, BiEV Y U UshRix RS
EKTEIEZIHEIN TV D, U ED
PERCARE T Y VR DR S H T
SHTBNI 2B Lok 64TV 11,
Braddock-Wilking & 2 & % [ 4& = &8 &
[PUPPh)SICOH), Ty 2 65 1 S
Osakada & 12 & % F1 & SHAB5K [PH(PMey)-
(1-SiPh)]; Th D, M ESEETIZZ N B
BB E 72D, Ru-Ru BIEREC IR 0 2381
BINT, GV ) VR T REET S
Rul-Ru2 M3 b < (BEK 24b; 2.6045(4) A,

Figure 5-9 $5{K 24a D TG (THHY)

BEMK 24c; 2.6084(14) A, (K 24d; 2.6060(9) A), D FIZHR LI DM{ED Ru3-Rud [H (S5 24b;

2.6331(5) A,\ G 24¢; 2.6513(15) A, $E1A 24d; 2.6306(12) A) BV, 78D  Ru-Ru FFERHIR R
EZ285A Thole, TH B0 Ru-Ru BEEHEOR 0 i3, TEAT =7 DA 2-7 5% U 5 L 4
RofEln & X <EELL T2, Ru-Si MR, B8 X% 233 A THY . Ru-Si ol & REHEIZHH
YLl INFETITRE SN ZBVT =0 MEH T ) L A D Ru-Si ff A& 36 & O Ru-Si-Ru

DFE LR LT (Table 5 - 8),

Table 5 -8 ERBNT =7 LGEFEL Y L RO Ru-Si 55, Ru-Si-Ru O

complexes Ru-Si (A) Ru-Si-Ru (%) ref.
(177-CMes)oRuy(2-H)o(£-SIMCEL) " 2.356(2), 2.361(2) 62.56(6) 4
(17°-CsMes)oRuy(4-H), (1-SiPh,) 2.346(1), 2.350(3) 63.42(4)
(17°-CsMes)oRuy(z-H)o(-Si*PhMe)(1-Si®Mey) a:2.343(3), 2.340(3) 69.20(9)

b :2.350(2), 2.355(3) 68.83(9)

(7P-CsMes),Ruq(1-H)y(1-SiPhy) 2.360(1), 2.364(1) 68.80(3)
(17-CsMes),Rus(CO)(1-SiEL)(1-CO) 2.386(3), 2.389(3) 73.94(9)
(17°-CsMes)Ruy(CO),(14-SiPhy)(1-CO) 2.382(4), 2.385(4) 73.3(1)
(17°-CsMes),Run(CO)(1-SiPhy), 2.382(5), 2.385(5) 81.6(2)
(7°-CsMes )R ug( - H)(1-PMey)(1-SiPhy,) 2.259(3), 2.348(3) 69.32(8) 13
(17°-CsMes)Rus(4-H)(1-PPhy) { 1-Si(OMe),} 2.313(2), 2.329(3) 70.76(7)
(17°-CsMes),Rup{ 1-SiPh(OMe) }(1-OMe)(1-H) 2.2288(11), 2.309(10) 67.5(3) 2
(17°-CsHs)Rug(1-H)y( 15-H)o(4-SiEty) (24b) 2.3368(12), 2.3332(9) 67.80(9) this work
(17°-CsHy)aRu,(z-H)o( ts-H)o(4-SiPhy) (24c) 2.325(3), 2.327(3) 68.20(9)
(17°-CyHg)eRua(-H)o(5-H)y(16-S1'Buy) (244) 2.3268(11), 2.3369(12) 67.94(3)

¥ R,=0.0557, wRy= 0.1625.

2 Braddock-Wilking, I.; Corey, J. Y.; Rath, N. P. Organometallics 2002, 21, 5467.
2l Osakada, K.; Tanabe, M.; Tanase, T. Angew. Chem. 2000, 112, 4219; Angew. Chem. Int. Ed. 2000, 39, 4053.
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CESE WEBILTIVLARYE R FEARLE FOYS VB EURR T4 Y EDRE

U ViR o> Ru-Si MBEAE®E 2.23 ~ 2.39 A O#FE THE SN DD, S5k 24 & = 0
W TRIL S 7z, Ru-Si-Ru DRTHAETHK 68°L sp” MORTF & LTidkELkE-TEY, F
Telr A BEIRATET VX NIE (7 = =VEE) O3B, 103 ~106° & B BN sp’ &R LT
Who ZaUE, T =0 AR ZEHGHYOMRELEMN Tl O bR, Ru-Si-Ru
HIORBENINS < Bt b BELBNG, R FRMLTE. SV 2 SB4UERIL, 2 -
23 Ru3-Rud FHCERERLAL L TV D, T OZREHRRS AT =0 L88HE 2-T V% U 7 85k 16
LR—Th 5,

HETE ST H AR

R 2a BRI D) TNV T U EDORIGEBE LT, USHIBIC OV TR Lz, BkH
b b Y mF N T ATCRRICHE, AR LTz, 2 851K 2a O benzene-dg VRIRIZ % LT, 6.9 fFE /L
BOBEAFMLN) =F AT UEMalz, BETE RY FELTF & Si-D OSTHRMAIL X | 10 45%#

XTI E L 2. 10 &t o RN L. 2a-do2a-dp2a-dy2a-ds:2a-d,2a-ds =

2.0:10.5:24.4:31.0:22.6:9.5 TH ¥ | $5K 2a DEAKFRLRIT48% TH o7z (eq. 5-16), £z, R~V
TFNY T U DAEREMR L, SFHIZE S V7T A0S N D, 40%DEAFEN B R FEL
PR LT R Lo, BEARICHE L TR 8%OBENBIEIN S, IR LT
BINEEH SN TRV, Tk, $5K 2a & Ru-SiEGHE & ORI EERH D Z L 2R LTINS,

@
/ 7 Q Et;SiD \
0 benzene-dg, rt, 10 min Hs nD 0

2a » 2a-d;,

7

(eq. 5- 16)

gk 2a LT b Ruv T v & ORIGHIEZHEE LT (Scheme 5 - 5), $54 2a (X8EAKFH L MY
TFNTTDEAFERBTH LY, £/ Ry T OB, Si-H fEEYIBHL T
%, Si-HFEEYIBICHET Si-C AV Shek, B/EV Y V-7 AFN (T ==0) $6
EBRAER L, BT L Tl (NP Y) BIEETS Z LT, 85K 24 NAERT B,

22 Campion, B. K.; Hyen, R. H.; Tilly, T. D. Organometallics 1992, 11, 3918.
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H—$iRs

)
L)

Si-H bond
cleavage

——
—————

" 2a @ : CpRu

$i-C bond
cleavage R E
_— —_—
-RH, H,

Scheme 5-5 #fK2a L€/ b F T o OHEE R GRE

B Caseri, W.; Pregosin, P. S. J. Organomet. Chem. 1988, 356, 259.
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L4 HOBILTZILAZTHERY FEELHRRA T4V EDRR

Bk 2a & MY AFILKRRD 4 v EDRIG ,

IR 22 O PATUERIRIC B Y AFNVBRRT ¢ % 3EENVEMZ T, KISIZBHROET L,
%W®é@ﬁ%@ﬁ%kLﬁ;ﬁETT@ﬁ%%iLt@%JHNMRxNﬁbw%ﬂﬁ#ék\
BEOEEYNBE ST, EERMIZS-16.64,-1054 12t R NENLFE2ETHEEERTH Y .
5-1054 DV T FATEEAT =T A RY B R FEEEK (7-CsHs)Ru(H)s(PMes) 123K b DT
bole, TOHBIIRARICEDARENTVS, B BN EEEIED benzene-ds YD bR E
DFEBBE LN, Bfldh X MBS 21T o7 L 2 A, ZHBNVT =V LAFRAT 4 VKA
T4 FRRT 4 2F % 7 b R REE (77-CsHs)sRus(u-H)(PMe;)(Me)(1-PMey)(15-PMe) (25) C
HDIEBGIoTE (eq.5-17)e TOFUSH LR LN DEEEDBESMIIT NI F AT L a~ k
757 4 —TiIsEE BRI TET, oA L TRRERTE Ty, Ei, §ifk
25 HIFHAEREEB DTN THY . HENRIZE B TE aho T,

<7 <7
Ry |
/ ) “’Q PMe, Me3p\ H —j ~..BM92
/Ru< 7 - "/P\‘ Q
Hs/ Ry toluene, rt (/;u Me /R“/ (eq. 5- 17)
Me
2a 25 (minor)

#4425 13 'THNMR, *'PNMR 227 MU XY RIE Lz, "HNMR 237 UL, 446 e K
U FELFICEAS L S 7T ANRSEBRE LTS21.20 10 ITHOBESME CRE S, V7=
Y MRS LT A FAIICIES ¥ 7T VIE60.01 LHH D AFALOY I TN LD, B
WHBIBRSN, Vo DX FNIRITESL 7, §1.13 (9H), 1.37 (3H), 1.61 (3H), 3.10 (3H)
WV eDhy TV T o TBESNENRAT =T VENF EDOAFNVIE KRR T 4
REALF LD A FIVEBNTNNTH D DERBTE R oT, Cp BKICESI 7T, 6
4.50, 4.66, 4.67 123 FEEAD T 7w b UCERRICHBE ST, PP NMR 227 R, 3 FEsE
DT FNBBRBE SN, BN 5 53.7,149.6,459.9 Th o7z, *'PNMR A~ MUZHEL, K
AR R 7 ¢ VLT BB A T 4 REAL T, ZEAEE R R 7 0 =F VRN DNRIASEA M
V7 MBS DO T, NERE L,
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Bk 25 DN FHEE

benzene-ds AR & SBIR CHET 5 & L2 X D HTH L7 sREABCIREE s & AV T B MG X M -
TRMT %17 o 7=, WIEIE Rigaku R-AXIS RAPID [EIHT35#E % vy, Rigaku PROCESS-AUTO 711 &
FAZE DT — B LT, BT >\ SHELX-97 7’1 7T A3y r—U% FV, Patterson
BIC LD VT =0 AT O RS 2 7 L., Fourier AT £ 0 7% 5 FEK B+ DJEEFE 2 I E LTz,
SHLEXL-97 711 75 5% VT, R “ S 247 ORIEL Ly 2T OHARIE T % Ha b
WZIRBH Uiz, B8R 25 D4y 1385 % Figure 5 - 1012, M — & 3B L OV ESE:% Table 5 - 9
W, ERFEAR. A A% Table 5 - 10ITR LT,

Table 5 - 9 81k 25 OREG AT — 4, BELME

[Crystal Data]

[Intensity Measurements]

empirical formula CyyH37P3Ru; Diffractometer R-AXIS RAPID
formula weight 697.64 @ range/deg 3.02-27.48
T/K 193(2) limiting indices 0<h<18
crystal system Monoclinic 0<k<14
space group P2i/c (No. 14) -21<1<19
alA 14.547(5) 20 nax/deg 55

blA 11.080(3) reflections collected 24057

c/A 16.568(4) reflections unique (Riy) 5877 (0.0236)
a/deg absorption correction Empirical
Pldeg 113.501(13) max and min transmissn 1.0000, 0.7592
yldeg

V/AS 2448.9(12) [Refinement]

Z 4 Ry, wRy (1 >2.0a(D)) 0.0206, 0.0489
Deatealg cm™ 1.892 R,, wR, (all data) 0.0229, 0.0496
F(000) 1384 Data/restrains/parameters ~ 5575/0/265

1 (Mo Ka)/mm™ 2.179 GOF on F? 1.122

crystal size/mm 0.300 x 0.250 x 0.130 Aple A7 0.596, —0.800

crystal form, color

platelet, red

Figure 5 - 10 $5{& 25 O 511

235



CEBS5E HmBLTZVALANFHERY FEFEE FOLS VB EUARR 74 v EDRIE

Table 5 - 10 $&%{K 25 OELRESTERE. HEA

Bond Lengths (A)

Ru(1)-Ru(2) 3.0513(7) Ru(2)-Ru(3) 2.8487(6) Ru(1)-P(1) 2.2652(7)
Ru(1)-P(3) 2.2688(8) Ru(2)-P(1) 2.3021(7) Ru(2)-P(2) 2.2613(8)
Ru(3)-P(1) 2.2794(8) Ru(3)-P(2) 2.2547(9) Ru(3)-C(4) 2.149(2)
P(1)-C(1) 1.843(2) P(2)-C(2) 1.829(2) P(2)-C(3) 1.830(2)
P(3)-C(5) 1.845(3) P(3)-C(6) 1.833(2) P(3)-C(7) 1.841(2)
Bond Angles (°)

Ru(1)-Ru(2)-Ru(3) 87.188(15)  Ru(1)-P(1)-Ru(2) 83.83(3) Ru(1)-P(1)-Ru(3) 127.22(2)
Ru(2)-P(1)-Ru(3) 76.892(17)  Ru(2)-P(2)-Ru(3) 78.219(17)

PR 25 IXBLR=BN T = U WEHEICK LT, RIRAR A 7 4 > R A FIUEE, BB R 7 4
REQL T, ZHEEARR 7 4 =7 VEALTF, 6 Y FRAEFZFTETH D T L8 ah
oo, W-STHIC. 3 HEORRS Y VLT % 47 5 SRR OWEFIZ T HUE TR,
VT = LEEEE, RA T 4 REALFHBEEE LTV 5 Ru2-Rud HDI1E 5 23, Rul-Ru2 H LD
BV, FE7o. Rul-Rud X 4.07A TH Y. FEMEMAEERITAFEE LRV, Ru-P, Ru-C HEREET,
WH OB SICRYT DR TH D, & FY FRAFIEL, Rul-Ru2 BIZZUFERMA L TWH 2 & 23
o, |

D B 2a l P U AFABRT 4 2 & ORE T, BTN REES D & & HI2.P-C (sp’)
A OGNSR N SR & W D IR KT CEIT L, H—aFRIc, 3TEORLRD ) VEN-T
RETHE LR E AT D 2 &30 To, ARRO ISP D R A 7 4 o THH#ETT D
DEREB LTz, M) EFNRAT 4 2 & ORISR TRREISOEITIIRERR L7z, £z RET 2
TENTERMNTL, WIT coneangle DRERBFAT 4 LTRIA Y TRENFARAT &
DI % it Lo

k2 & L) AVYTAELKRR T 4 v EDRIG

$R2a D P VRIS LT3 EELBDO N A Y PR EVKRAT 4 v elilod 25,

FORS IR HEAT L, IR D RITER QIS L L, 'TH NMR A7 M bnb, $5F 2a (358210
WhESh, "ETITABMUBALT =L FY A4 Y TR ENERRAT 4 8 (7-CsHs)Ruy-
(-H)s(Pr;P) (26) BER L TWB Z &R oTe (eq. 5-18), $HK 26 (X7 VI T T A7 < b
V57 4—~TEAMRLTLE D 2w, BEIREIBED L Z A, BHTE TRV,

xmg
L/gi kil \%ul\{ ,_I:LI\ (cq. 5- 18)

benzene-dg, rt RU’

2a ’ 26
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$EPR 26 13 "H NMR, C NMR,*'P NMR A2 bW XY [FE LTz, 'HNMR A7 bk
B U FERAFIZHES< v&‘*hwbi‘ CHREGTIRIEL 2:1:2:1 0 4 F&
BOVTFTNE LTSN, §-1774 DV T FTNIY ey 7Y T %kFSL, ZHEHREL
THEINT, ZOH 7Y 7% FTHE R FEMTIEIRRT 4 VB LT =g A
BLfce RY FERNLTFEIFRB LT, 4 Y e e KiciES5<
7T S50.88, 0.98 IZBIER S, Cp FEIT HAD < U 7T, 54.29, 4.66, 4.81 ITHE L LG 1:1:2

5-17.74,-16.93,-12.52,-1.25 |

4% L7z hinge D7 =77 LARICEE

TEER SN, "CNMR 227 FVICiE, A Y 7 EAREIICES &7 d6 16.6, 20.8 1271
BEN, CpRIHEI T T NE, 65699, 74.1, 77.6 ILBIE STz, PP NMR A7 h LT
5607 WV T T NVPBIERE NI, TIUIKREERALO B AT 4 AC—IRAIRMETH D, BRI
BEIR 26 D4y THEIEIE X BAEEMATIC L D I 2N LT,

$h1K 26 D FHEE

TV ERIR A 30 °C THET S 2 LI K VT Lo BaFREEEZ VT BURSA X %
G 21T o T2, - JE L Rigaku R-AXIS RAPID [EIHT35#E & AV,
7T M EN T FNB LTz, RIS OWTIE SHELX-97 7'u 77 L%y r—V % Hv, Hi
BRI L O NT =7 AR T OJERE 2 R E U, Fourier SRR & 0 78 5 K EIRF OFEZE AR E Lz,
REHEEZITOREL L, 2 TOIKRRT 2 IS
(CIRBE L7z, S5 26 D45 THEMS % Figure S - 11, Figure § - 1210, fE 207 — 2 5 & O 244
ZTable 5 - 1112, TR R, A ML Table5 - 1210R LTz,

Rigaku PROCESS-AUTO 7'z

SHLEXL-97 7t /2 A&ERWT, B/

Table 5 - 11 $8{K 26 OFE&EFNIT — 5, BIESRM:

[Crystal Data] [Intensity Measurements]

empirical formula CyoHy7PRuUy Diffractometer R-AXIS RAPID
formula weight 830.92 Orange/deg 2.79-29.98
7K 123(2) limiting indices 0<h<i1s
crystal system Orthorhombic 0<k<21
space group Pca2, (No. 29) 0<1<23

alA 11.3646(10) 26 na/deg 60

bIA 15.4280(10) reflections collected 31173

c/A 16.5861(17) reflections unique (Riy) 4699 (0.0424)
o/deg absorption correction Empirical
Pldeg max and min transmissn 1.1763, 0.6608
ydeg

VIA3 2908.1(4) [Refinement]

Z 4 Ry, wRy (1> 2.00(1)) 0.0280, 0.0633
Deaied/& cm™ 1.898 Ry, wR, (all data) 0.0301, 0.0641
F(000) 1648 Data/restrains/parameters ~ 4340/1/338

4 (Mo Keay/mm™ 2.109 GOF on F* 1,044

crystal size/mm 0.360 % 0.150 x 0.150 Aple A 2.899,-1.230

crystal form, color

block, black
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& C3
co &P \ct
C4 pNC2
- ~Z< D
S C7 ,L\f "
C8 A, 7/ 4 > C6
C5 %i‘i?w P1
¢
()
o4 Ru3 H3 Ha T\ Rut
Q _ /7~ g
\ 7, Ru2 .
Heo\ﬁéiﬁx,
Rud/ A ® d
H5
JONQ A O
" >

Figure 5 - 12§54 26 D4 7HEE (£ : side view, 75 : top view)
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Table 5- 12 $5K 26 OERFEE., oA

Bond Lengths (4)

Ru(1)-Ru(2) 3.0231(6)  Ru(l)-Ru(d) 2.9756(5)  Ru(2)}-Ru(3) 2.7852(5)
Ru(2)-Ru(4) 2.8650(5)  Ru(3)-Ru(4) 2.7643(5)  Ru(1)-P(1) 2.3257(12)
Bond Angles (°) '

Ru(1)-Ru@2)-Ru(3)  96.469(15) Ru(1)-Ru(2)}-Ru(4)  60.640(13) Ru(1)-Ru(4)Ru2)  62.309(12)
_Ru(I)-Ru(4)-Ru(3)  98.031(16) Ru(2)-Ru(1)-Ru(4)  57.051(12) Ru(2)}-Ru(3)-Ru(4)  62.162(13)
Ru(2)-Ru(4)-Ru(3)  59.277(13)  Ru(3)-Ru(2)-Ru(4)  58.560(13)
P(1)-Ru(1)-Ru(2) 100.91(4)  P(1)-Ru(1)-Ru(4) 106.34(3)

PR 26 12, NH T T A BRI E RO hinge fSLDNT = Mk L, PV A Y FuELRAT
oA VBRIWEAL L TV AEETH D, VBPREELTWS Cp HiT Y VEMFICF L ST,
TR BB D TN Z ACWD Z e nD, VT = LSIEEERCIIZER H Y . =R
THIENTED, MLEWHEAIIHR R T ¢ INEAL L7z wingtip D/VT = A& hinge T,
3.0231(6), 2.9756(5) A Tdh -7z, hinge FIBHFHDOE ST, 2.86505) A THY . HbE DM
Ru2-Ru3, Ru3-Ru4 [ C 2.7852(5), 2.7643(5) A CH -7z, 2 2O ZBHD 727 2 R 119.70°
T, RNE 7T ABGERIC—RNRETH o T2, 6 2Ot NI FENLFONEIIRENLT 22 &8
T%ko50ﬁM@mm@mﬁ®éf®w?:ﬁAﬁé%K%%bfﬁb\%KR@R@%K
82 DRBRFEENL LTV D, Y D 1> (H5) 1K wingtip EIZZAEEIAL LTV 5, H5-Rul [k
1207 ATHY, TRNETHALPTLTERROBEAT =V LR Y b FU FEHEROMEN CIE, M
BEERANGEET AHIPANTH A, Ru-P RIS, RIFBEAL LR R T ¢ 2T =0 ARBOB
BEC— R R S TH D, BEAEM? O ISR BET 5 L UFH DO LE2ES K5I YA Y
THRENTRAT 4 URREOHLTWD Z LR85,

Figure 5 - 13 841K 26 D72 FIAM (4 : side view, 75 : top view)
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ZORISING, 5K 2a I cone angle DRER MY A VP EARAT 4 & b RETCRGT
DT EERMH U, K2 3BT =002 R RElkE R0 | SRE/ES OO
R SERERE R SR ZENARETH Y . SR XD IEWRIGS 2 REBLT 5 2 L AN THE
Th o, '

8 MG BB SB35 7 5 4 TR EHRIT 7R R 7 4 L DAL U 7= SR Bt
1%, 3 I T&H %, Einstein, Pomeroy & i3/3% 7 T BIEA X I 07 AGERIZOWTHE LTS,
P & 1d . 0s4(CO)s(PMesy) I MesNO Z s &8, NEZ 7 I3 A B A R I U AR
0s,(CO)u(PMes) Z A LTz, 2 ZO8AIZ 2 DM Os; AT 2 HAM 177.10° TH Y | planar
butterfly #iE% H T DB REEETH D, Fo. Os:(u-H)(CO)yp & Os(CO)(PMes) DIRAY &
MesNO DG D 738 7 T A BUIEA A I 7 AR Osy(u-H)(CO)i3(PMes) AL LT, 2 2
DFERIT 2 DD Os; A2 T 2 HAN 112.7° THY |, $EK 26 I X IR ULIEEETH D, =0
2 DO b S BREERHESEE I NS, ZOEBIZ O VW TEHAL T I Tn
W, Raithby 5 ik, Os;(CO)(PPh) & U U ARV Y 7 = ) F ) TEEL,
[(7-CsHs)Ru(MeCN)s|[PFg] & 71 v 7Y & 7 &K% Z & T, (17°-Csts)RuOss(H)(CO) 1 (PPhy) #3245
THZEERHMLTND, *

24 Martin, L. R.; Einstein, F. W. B.; Pomeroy, R. K. J. Am. Chem. Soc. 1986, 108, 338.

% Martin, L. R.; Einstein, F. W. B.; Pomeroy, R. K. Inorg. Chem. 1988, 27, 2986.

% Buntem, R.; Gallagher, J. F.; Lewis, J.; Raithby, P. R.; Rennie, M.-A.; Shields, G. P. J. Chem. Soc., Dalton Trans.
2000, 4297.
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FTOEE AMILFo9L~ATaER) FEKEEBEBLORG

B6E EBILT=ULATZE R FEAEEBEE L ORE

E185 &5

G T £ 910 4 S Oe BT A 1 5D EE K LT RO EIEM T X 3 S5 0A)
HIZ—BIICEE LN & STV 5, F0E, FE R SR B B — KR ZE R ETh
0. B CIELEICATTE LI e T o SHVE TIOHHE STV 2 TR G B i 1
BRRBBRAL 0 @ B VI L 0 BREC RS LIXREIND I LIT X  AlREhTn5
LML s, S0k 5 e Pl SSRGS Tl 4R F S ERRG 2 E T2 dic, B
BE L ORI ERHT D5A, REREETH D, FEMESEERISHICR VT, ZEDIDIEN
BOSSH A ZAOHERE WS DIXEDIEFET HRETH D, _

LU, ZHSEEROEMD 1 > THHBHRERICERT D &, b LI B O kA
DT TE 572 613, FEMESSERG R E R T CRESE D Z L NFREMETH 5, SR
EHWOFIEE U EANR B —EAL ORI L 2 I BRSO OIMI Rk L LTHd
WTWAED, BIGHIDZE LT =4 RN AR T 27D BB REECH D | £z R —hd
LT DEMOBE . ALERRMEENE LN D Z ERE L AHLE L ORFRICAW D O
ETHD, €I T, $HEROAIHN I BRMAER, T/2bbEERICER Uk, BIf@ELRmns)
BLEE LT W TR D5 E RS CHRRIEZ R > TV D, & L ES L OSSR
DEMIEE OTEHEACICHERET 5 70 B, RS OMETTICHEV W23 90, J 07 OSSR S TR 2
HNE BTG AEAT T 2,0 20 FPUCBIIBER & 9 5 SRR O I8 Tl m b hTn
%,

Chi, Peng HITINT =D A ELEY TTF | XU T AT D DI S D LSS T2 F
VN, p-CO BT D3 4R MR & 28 & & 5 Z & CL edge-bridged tetrahedron & trigonal bypyramidal
OMICEFBERENFET D2 L 2B BN LTS (Scheme 6 - 1), >

. Cp*(CO)

P n‘YCp (CO), H2 RU\H
N

\

ﬁT.:, R

Scheme 6 - 1 FA%Z Ru/Mo, W $E{E 0 EhHYEFR

R ———

N2

V RERIFEANET & ORI TH D
1 Su, C.-1.; Chi, Y.; Peng, S.-M.; Lee, G-H. Organometallics 1995, 14, 4286.
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Adams BT N EHEND R D TR Rhy(COR[PH(P'Bu)]; A L. T OEIFNER %
FTo, R, Rh-Rh B 0 C Pt BB ASERE L, PeP RSB ART B2 & =
FIHPE T SR L. PO PLPUSE ARSI S5 = & © Pt OZMAET B & LTINS
(Scheme 6 - 2), °

Bu, R/ t e — P<)\h\ Pt
\ H<:§;£;*:>“— R\¥(

ol ”

PKfﬁm\m R ﬁk\m
NN

Scheme 6 - 2 F4% Rh/Pt SR OBHIRIE

BRI A D BRI & BOSICISH L7zl & L Tit, Adams b OENRH BTN B,
Adams 5T HE EVT =0 A0 G 7RBNESEAR PRus(CO)1s(‘BusP)(C) (A) 2R H TiX, Pt-Ru
FEEOUIM & BAIC XD PLEMIA Ry fH & Ry, A7 M ABIRERERTZ &2 LT
L7z, * closed form (A1) & open form (A2) DASHLEHEEIE 20 °C T 24000 s CTH D, Z DKL
HBIZT 2= AT BF L EORIRICE Y, open form OSAEIZH L Ru-Pt Il 7 = =17 &
F 1 UMW - (DL CIENE L 7 7L % L8R B 285 & 7, & DB T, open form 7> closed form
DY &7 b RIGIELT LTV B EEAED & 2 BB B TR, 07 L% 45K B 13
KFEERIE L, VB R FEEE C BAERL, SHIC—BMLKRLRISSEDHZ LT, AF L
biéﬁfﬁ“é LEBITEER A BFHAE L, TNEY, 7= AT VU OMBERIKREL D FTRE
ThDHI LR ER, EPKIC Adams SIS 2 MR LTS (Scheme 6 - 3), °

3 Adams, R. D.; Captain, B.; Pellechina, P. J.; Smith, M. D. Inorg. Chem. 2004, 43, 2695.

_4 (a) Adams, R. D.; Captain, B.; Fu, W.; Pellechina, P. J.; Smith, M. D. Angew. Chem. Int. Ed. 2002, 41, 1951. (2)
Adams, R. D.; Captain, B.; Fu, W.; Pellechina, P. J.; Smith, M. D. Inorg. Chem. 2003, 42, 2094.
5 (a) Adams, R. D.; Captain, B.; Zhu, L. J Am. Chem. Soc. 2004, 126, 3042. (b) Adams, R. D.; Captain, B.; Zhu, L.
Organometallics 2005, 24, 2419. .
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\ % Sh—r&
:ﬁg-\ _C_/_T; in solutior; >?Z\\\ (://4§KP,BU . !
INE b ¢ 3
A1 PhCCH l 0°c . A2 +3C0 ~d—
25°C \/7 c /7 &
~J |/ Ph *H /Agﬁpfsus
Kl —

TS
\/7//( e

B
Scheme 6 - 3 75E% Ru/Pt 88K L B 7 = = V7 & F L o Otk BLE S

tBu;;,

B2 ECEMAT =9 L~THE B Y REIR da 13, OO B R R & R L
"Berry Pseudorotation" |8l L7z BB 2 H T2 2 L 2P 5T L (Scheme 6 -4), ZiLhnb,
FALEER da DOSERFONE & Ui, T8, =m0 ik < AR RED 4 >0
BT OB VIRESERR S & UCHRET 2 2 L B HIfF & b,

= O = CsHsRu
Scheme 6 - 4 $&{K 4a OBEIITIETE

RIETCIE, ARV T =D LATHZE R FEEEREAHER L ORISEZE LT, K 42 D

ERPEROSHE N ED LB PEWPONTT DI L2 HE Uiz, TORR, $EEHENE
ft U DU AR o0 SRR SRS HIC A E ARV IAEND Z L2 b LT,

245



BOE ABLTZILATLZERY FEAEEREELORE

B2fi ARILTZVLANTREFRY FEEE—BIERR. 1VOTZFEDRIE

fElk da & —BRIERF DRI .

SE(R da O MV UK E HENA LB RIBC—M{LRFEE | KIDEA L 24 WS
B & VRO GILERG HRE 2L Ui, WE FCRBERELEOBI, FAITFHF A
s N7 4 —-TCHRL, WAEREZEL T = U A80EL VR = LK
(17-CsHs)sRus(u-H)s(15-H)(1-CO) (27) % ULEK 69% TH= (eq. 6- 1), 'H NMR T DR ZE(L %
B L BURBIEAD D 60 5312 1T IZEA 4 1352 ST, 858 27 PITITEBMICAER L
CVWBZ & ERER L (Figure 6- 1), |

i
C\Ru/— >I/Ru’0 <o @R“\/—A\/P\”Q (eq. 6- 1)

7 > ,R/LL—RLL
H? toluene, rt, 24 h B H{sl‘T/j/
=~ O 7

4a 69 % 27

#5827 1X "H NMR, "C NMR, IR, 768 44
SISO TRE Lz 'H NMR 2
7 MViZix, & RV FERALFIcES<
TFR, FRAIREEEL 2:1:1:2:1 O 5 flIH

DY TFe LT, THOERENS

80

60

40 L

Distribution [%]

20 |
-16.62, —16.36, —12.10, —10.84, —7.60 (Z .

mANTE, Cp RIES LT FML, 6 ) 2 o %

Time [min]

4.48, 4.66, 4.69 |\ZFE5BREE L 10:10:5 D 3
fEHO 7 E LClgshE, Th Figure 6 - 1 $5(4 4a & —BR{LIRE & OREG

5D 7 Vi, tetrahydrofuran-dg YR &

FAVNTC—80 °C CHIE LIBETH B LR o T2, PCNMR A7 hUiZit, Cp FicH3< v
TFNNE TS, 720, 79.7 BB I, BBV NV AN FITIES & 7T ud, BT
X Ao T IR AT N VAT L B4 1 VAR = VBN 18 2D < BRI AS 1736 ecm IS BLRI S vz,
BAIZ SR 27 4y FHERSIZBIRE R X B EARTIC X Y 1 B2 L,
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SRk 27 DR FHEE
PEMR 27 O PNV YRR Z VB SE D 2 & O H L7 BREMIRES & & V¢ B
i X WS RAT 217 - 7=, BIE 1Z Rigaku R-AXIS RAPID A5 % F\ . Rigaku PROCESS-AUTO
e 7T MK T =B LT, SEATIZOWTHE SHELX-97 'u 7T L%y r—U & v,
Patterson 1512 &V VT =0 ART- ORERE & P E L, Fourier 7T &V 5% 2 KRR+ DEIE %
FE LT, SHLEXL-97 70T A& AT, R/DTRAFEZITOERIL L, 2 TOHKERT
IR TR IR U7e, 8Bk 27 04y F#5E & Figure 6 - 2, Figure 6 - 312, i FPHT —F B LV

HIESM: % Table 6 - 112, FRfEEE. A M % Table 6 -212 R LTz,

Table 6 - 1 $5K 27 DGR FENT — 2 18 L OVIESRME:

[Crystal Data) [Intensity Measurements]

empirical formula Cy6H3,0Ru; Diffractometer R-AXIS RAPID
formula weight 865.87 @range/deg 3.12-29.98
T/K 153(2) limiting indices 0<h<13
crystal system Monoclinic 0<k<25
space group P2/c (No. 14) -20<1<19
a/A 9.7415(17) 20 na/deg 60

b/A 18.101(4) reflections collected 30220

c/A 14.482(2) reflections unique (R;y)” 7387 (0.1378)
oddeg absorption correction Empirical
Pldeg 105.280(6) max and min transmissn 1.0000, 0.6542
ydeg

VIA® 2463.4(8) [Refinement]

Z 4 Ry, wRy (1> 2.00(D)) 0.0632, 0.1117
Dearealg cm™ 2.335 . Ry, wR, (all data) 0.1319,0.1344
F(000) 1664 Data/restrains/parameters ~ 7157/0/343
2¢(Mo Ke/mm™ 3.012 GOF on F* 1.024

crystal size/mm 0.100 x0.020 x 0.020 Aple A7 2.566,-1.613

crystal form, color

platelet, black

Figure 6 - 2 ${h 27 D45 T4k
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Figure 6 - 4§84 27 DZERFIE

(%2 : side view, 45 : top view)
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Table 6 -2 $8K 27 DX LES R, #AH

Bond Lengths (A)

Ru(1)-Ru(2) 2.8073(11)  Ru(1)-Ru(4) 2.8984(11)  Ru(1)-Ru(5) 2.8765(11)
Ru(2)-Ru(3) 2.8996(10)  Ru(2)-Ru(5) 2.9051(11)  Ru(3)-Ru(5) 2.8691(10)
Ru(3)-Ru(4) 2.8700(11)  Ru(4)-Ru(5) 2.8818(12)  Ru(1)-C(1) 2.039(10)
Ru(2)-C(1) 2.029(12)  O(1)-C(1) 1.207(13)

" Bond Angles )

Ru(1)-Ru(2)-Ru(3) 90.73(3) Ru(1)-Ru(2)-Ru(5)  60.44(3) Ru(1)-Ru(4)-Ru(3) 89.52(3)
Ru(1)-Ru(4)-Ru(5) 59.69(3) Ru(1)-Ru(5)-Ru(2) 58.10(3) Ru(1)-Ru(5)-Ru(3) 89.97(3)
Ru(1)-Ru(5)-Ru(4) 60.44(3) Ru(2)-Ru(1)-Ru(4) 90.49(3) Ru(2)-Ru(1)-Ru(5) 61.46(3)
Ru(2)-Ru(3)-Ru(4) 89.23(3) Ru(2)-Ru(3)-Ru(5) 60.47(2) Ru(2)-Ru(5)-Ru(3) 60.28(3)
Ru(2)-Ru(5)-Ru(4) 88.89(3) Ru(3)-Ru(2)-Ru(5) 59.24(3) Ru(3)-Ru(4)-Ru(5) 59.84(3)
Ru(3)-Ru(5)-Ru(4) 59.87(2)  -Ru(4)-Ru(3)-Ru(5) 60.28(3) Ru(4)-Ru(1)-Ru(5) 59.87(3)
Ru(1)-C(1)-Ru(2) 87.3(4) C()-Ru(1)-Ru(2)  46.2(3) C(1)-Ru(2)-Ru(l)  46.5(3)

C(1)-Ru(1)-Ru(4) 92.5(3) C(1)-Ru(2)-Ru(3)  93.6(3) C(1)-Ru(1)-Ru(3)  101.9(3)
C(1)-Ru(2)-Ru(5) 101.2(3) O(1)-C(1)-Ru(1)  135.3(9) O(1)-C()-Ru(2)  137.1(9)
CEN(Ru,)-Ru(5)-CEN5  178.166

Dihedral Angles (°)

Ru(3)-Ru(2)-Ru(1)-C(1) 94,294 Ru(4)-Ru(1)-Ru(2)-C(1) 92.944

Ru(1)-Ru(2)-Ru(3)-Ru(4) 1.364 Ru(1)-Ru(4)-Ru(2)-Ru(3) 178.093

Ru(2)-Ru(3)-Ru(1)-Ru(4) 178.089 Ru(3)-Ru(2)-Ru(1)-Ru(4) 1.350

GEEK 27 13, 5 DDAT = ARITA MR R L. I A R L R = VR T
BB LTV D, 7 =0 ARIBEREHCII R & B3, MZEmREESFLOR IIE%HLL.
A HIFIE 90°1ZILV Y, % LT Rul-Rud-Ru2-Ru3, Ru2-Ru3-Rul-Rud D729 2 WANZEIENR
178.093, 178.089° & 1FIF 180°17%5 LV VT & 26, Rul, Ru2, Ru3, Rud 2384 2 TR B 130E 7
EThd, MEKHOEL E RuS\RuS IZHEA LT Cp KDY baA RO/ TAET 178.166°
T Do IR = VEALA ZMEE IS L CREICEA L T2, 720t KU FERALF 220
N REET 52 LB TE L, 3 DB MELR O VAR = VEAL T BEEE L T W BRI 4S8R
RELTHY . 89 0 4 > SHEC S TR LT B, 4 FRICH. MR | S LT
WA I EBATHEENDANY . TIIENMR 227 MLOFRERE—H LTINS,

ULl SR A L 0 VR = VBRI DN AR L T R o i I = TR NI SRR &2 A LT
B E B EEAEA LT 4 NRACT FERES b Y R TGRS L T
VIEZUE R R 7 ¢ FEALTF, WEREAS S VR FR2ETHY . BEIICY 72 F —EKEMmL
TV % (Figure 6 - 5), I _LICHIALF % S RWVEER 27 13 BISM & o TE L A 220,
- TGS R OIS & LCid, Cotton HIT K D TE UV a2 =7 LRI ZrsClp(PMes)s(u-H),(15-H),
NIE ST WD (Figure 6 - 5), °

6 (a) Cotton, F, A.; Lu, J.; Shang, M.; Wojtczak, W. A, J. 4m. Chem. Soc. 1994, 116, 4364, (b) Chen, L.; Cotton, F. A.
Inorg. Chim. Acta 1997, 257, 105.
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A

|/

PlMe;
c;\zlr/m
W—/—|—\cM \\ -1/
\ \X\ Cl~ | ,ﬁ'HC“\ p—— PMe;
SN // /'/— = —'/ ~—a

X = N; us-nitrido X = 8; y,-sulfido r\
X = C; us-carbido X = 0; y4-0x0 Meap/ ] \Mﬂe\c,/ \ “

i X = PR; 14-phosphinidene ? Ple;

Figure 6 - 5 WAMMEEIC VNV E = )VEALFBEE U oRES () bEBUVa=y M

ZrsCli(PMes)s(u-H)(15-H), (F)

Hikda & tert-TFILA VLT = FEDRR

—MLRF L EETBETH D tert-TTFNA VU T = K DORISERGT Uiz, #5042 D hL
T UIRIRICKE Uy BB D tert-T T A Y VT = REMATEET T30 oMERLE, TR
GIEELICERAP DRESEL L, BET CREZRERL, MAMERTELT = L8HG
tert-7F A VT = REER (17-CsHs)sRus(u-H);(15-H)(-C=N'Bu) (28) #%7 (eq. 6- 2)s LM
L. 85K 28 DIENRMEBORARBBBEINZOT, TVITITLrav ST 7 44—
L DR 28 DR AERL TN, $EART VI F ETHMRLTLEY, BEER TE R ol, W
YR BV e THNMR ORERFE(L O, SORSHIIAD & 3 BERIM THEFR 28 75 98%/ER L1t = &
R LT,

/'Bu
<z N,
G L u\R u_a 'BuNC
/ (eq. 6-2)
H7 \'6 benzene-dg, rt, 3 h B Q
LN
98 % )
4a (1H NMR) 28

$E(K 28 13 'H NMR, BC NMR A7 kb, IR A7 bV, ESI-Mass A7 hUZ X D RIE L
7o 'THNMR 227 h UL, & R REAL 23S & 7 TS IR L 1:2:1:2:1 @ 5 18R
D TFAE LTE-17.10,-16.34,-12.13, -11.29, -7.36 I BB T, g5k 28 D& R VU FENLT
DY T FE, $EE 27 EEBI LTV D, Bu BICHESL ST ANS 1.28 12 9H HHBIE Sz,

SER 28 134 FPUCSHFRI A H ¥ Cp FRIT IS ¥ 7L 54.49, 4.66, 4.68 [ZFH 43 TREE EE 10:10:5
TI3EDT 7 E LTHES R, PC NMR A< Mg, ‘Bu ZiCHE5< VTS
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31.0, 562 IR S, Cp BicES< v tB“\N
]
I FNEET71.1, 72.0, 78.8 17 3 FEEHD /C/\ )
) p Ru
TI e LTRSSz, BRI 5 B\: - . 1 N\
u Bu I
DL U TFVIREERR 27 L RBRICBIRE \N\\‘c /lcl\ /”N/ ' ’N
" “n i Bu
Mighoiz, =\
RERE
IR A7 MV, 1747 em™ IRIL /7 f\
DEE I, ZHIEEEGEA Y v T7 = Fid v(CN) 2024 cm™! v(CN) 2074 cm™
MFREESS bDEREL, v(#-CN) 1757 cm™ v{~CN) 1775 cm™

Yamamoto |7 &% L48FHA VL7 = L Figure 6 - 6 —4GA V7 = FEEED IR A2 L
PLFAT S IR A2 VIR, 1580
~ 1880 cm™' OFEPACHIE I D L BT
ENTWD,  $5K 27 13 2 O#PAN THIE S iz, Figure 6 - 61Z 2GRN & RISENI DA V7
= FENLFICEES S IR AT MV OWEFIER LTz, £, Yamamoto Hi%, Z4GA Vv 7 =
RELNLF %2 5 285,35 20 DGR Pd,CLy(2,6-Me,CeH3NC)o(py)2s Pda(1-OAc)(1-"BuNC), % A %
L. EOBRGA Y v 7 = RENLF D p-C=N-C I OAFEINEIE 180°Th 5 = L & Hiffigh X Mtk
fERT LV R LTz, ZHHD IR AT hZid, 28564 Y 7 = PR 12860 < B 1976,
2075 cm™ LIEFOME L VIR KXy 7 P LTBER SN, R 281320 X 5%y 7 b
HRBNNWZ b, A V7= FEO BuidfinvthR > Tna 2 EXH L TH D,

SEUK da & —BRLIRER, tert-T T ILA VLT = R & OFUSHREIL, 5K da 20 72 BFSEATR
frEaFITdh 2 Z &> 6 associative 72T E 210 < <, Fiz, SO TRBIR T O E AL
Nz &b, & FU REAF2KEE UTHREEL CRAIAREFEEZ AR TDH I & bR, 6
PR OB K0 AT 2 U A SERISE AR U C IR DS EIAL T 2 SRS C L RS I
THEEZLND,

(£ : Kubiak 5, 75 : A 55)

7 Ferrence, G. M.; Simén-Manso, E.; Breedlove, B. K.; Meeuwenberg, L.; Kubiak, C. P. Inorg. Chem. 2004, 43,
1071,
8 Takemoto, S.; Oshio, S.; Kobayashi, T.; Matsuzaka, H.; Hoshi, M.; Okimura, H.; Yamashita, M.; Mlyasaka H.;
Ishn T, Yamashlta M. Organometalllcs 2004 23, 3587.

Yamamoto Y.; Yamazaki, H. Inorg. Chem. 1986, 25, 3327.

251



BOE HEBILTZIOLNTZEFY FEARLEREE LORIE

FIW EBILTZIVLANTREFRY FBREFF T/ —LBLUKRRT 1 D EDRE

ARINTZOLANTRZERY FEEEFF I/ — L EDRIS _

PR da D PV URIRICKT LT, A S ENBDF AT = ) — VRN A, RIRT 24 B KRS &
Wi, H NMR 227 P LD Gk da FETHE ST, WERIED Y 7 AT S AT
BRSSO MARER I T =0 ANERE 7 = =L T4 5 — FEE (7°-CsHs)sRus-
H,(14-SPh) (292) 3 16%AERK L7e & L 343272 (eq. 6-3) $51K 292 DX, A AHMiTE]
BINRNT & SER 292 [IHMIA TN U CEMMES D TN Z L h | EERO RIS R
29a DB EEPRANTER L TV D, BEBHCERE L 22007200, %%@émiim&<ﬁ$é
NizbneEZ 65,

Nt

N thiophenol 7/&
C‘Rl}u’g iopheno ?\/\

7

" / R (eq. 6-3)
XY benzene-dg, rt, 24 h / NAY/~ //
(V]
PN
16 %

#5444 292 O 'HNMR 227 }\M:Li{ b RV REMLTICEESL 7T p36-15.02 12 4H 45D
oM ER V7l UTEMICBE S, Cp BIZE 3 U7 iE, §4.19, 4.62 IZFE sy
BREELL 14 O 2 OV 7T E LTBE SN2, Zh &V, WAFENEKICH LT, 7221
FA T — ML TRHEZEF L TND I ENDMD, PC NMR A7 bk, $EEROA IR
W DIRIEDMEL . AEARV T TN EBET DT LN TE R 2T, 108, #5292 137 L
ST ECHMLTCLEI DT AIT AT LI a~w I T 7 ¢ —IZ X DHRITTE R0, SR
29a OIFEMEOIKE 2 TART D720, $5K da OFRETHY Cp*Iha 45 THIC | 2B T 28EF
de BIIVCRBORIS 2B Lic & 25, WA L L B 2R OO 5 5 % 0
BRE/HLZENTE T,

SEIR de O RV VIR L T2 RV BOT A T =/ — b B X TEIR T 0.5 REHER &
Wi, WET CEEEHETLZ & C, MAHRIHELT =0 LAUERRB T == /VF 47— M
1K (77-CsHs)y(17-CsMes)RusHy(z-SPh) (29b) % UNE 95% T/ (eq. 6- 4), ASISIE 150 °C T 72
RERIANEL L7238 T b, ERMIEEE 200 0BTl 0 | FTHRBEKOAE RO 200 O 4118,
BN o T,
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<7 Ph

|
LI
thiophenol O
B Ry tioshene vy,

TR — N RO

Hr ﬁ/ toluene, rt, 0.5 h B’ H?A?é/ > (eq. 6-4)
U
ac 95 % 296

$&4K 29b 13 "H NMR, BC NMR 222 b LW RIE LT, 'HNMR A7 hLiZid, B RY
REULFICIED < & 7T ViR 61571, 1544 ([ZFESTIREELE 111 O 7 F 0 & LT, 540 55378lE
SHUle, Cp* IR equatorial KEICAETET 5 = & 13650 T-IICHIRBRIDS 1 STFAE L, Cprdbic -3
ST FNRS1.651T 5SH 5y, Cp BICHE S U7 FARE4.01,4.32,4.56 IZHEDTREL 1:1:2 D 3
DO 7 NE LTBESNT, 7o VEEICE-S3 7 LiE, §6.94~7.00, 5722 1Z%E N
ZH3H 4, 2H 43, B SH A OFSME 2 R oS ER L LTI SNz, PCNMR 247 ML
i, Cp T HSL V7T 86693, 71.8,71.9 12 Cp* LTS & 728, §12.9, 85.7 ITBIE
ENiz, T x=VEEICES VT IE6127.6,127.8,131.2, 148.7 1CBIgR S iz,

WERETF A7 — MUALF 2 AT 288 IE, ZI0E TIZ 1T HI LA b AT 720y, Shieh b1
Fk% Ru/Fe WEAGE AL 7 4 FEEEIZHI LT, AF/V MY 7T — MK &, Fk% Ru/Fe INE
YIBAFNT AT — MbEREEHR LT, "

ARNTZILANTRE R FBEERERR T4V EDRIE

$EIR da O ML UIRICKI LT, 3METEANVEBD T 2= /VIR AT 0 U EERT T KBRS S8
el ZAH, BREAORBAER L, WETCTHEELZEEL, XU THRETZEICL,
FNANT =0 AMBEYUE R R T 4 =5 VR (17-CsHs)sRusHs(us-PPh) (30) IR 91% TH 7

(eq. 6- 5),

<z
/'T‘\ PPhH, AN
(rglond) //\
Hy' THF, rt, 7 h /\\ /L @ (eq. 6-5)

4a 91 % 30

19 Cherng, J.-J.; Tsai, Y.-C.; Ueng, C.-H.; Lee, G.-H.; Peng, S.-H.; Sieh, M. Organometallics 1998, 17, 255.
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$51K 29 13 'THNMR, *’PNMR A7 f A ESWTRIE Lz, 'HNMR 27 hLZiE, B R
U FRNLFICES S U T TR E-1216 [T SH DY 7 F & LTHEMICBEZ S, B FU Fid
P&V DORORESER Syl 8 Hz Thotz, Cp HICESL 7 ik, Bl 114 o
2FIEDO VT LT, §4.36, 471 ICBIE &z, PCNMR 227 hUIZik, Cp Eici3<
yﬁ#wﬁ&n&mﬁm\7I:wgugd<vﬁ+wﬁM%i1%@197K@§énkﬁ\
SR 29 1 IA AT S D ERIREE DMER N - DI, JREE L ARBOREA B Jog (3FHELWD = &N
T&EP, EloA T IEORBIIES VI F MBI TE ol Y'PNMR A7 MU,
53305 IV FARBBINIEN, CRIEINE TICRES LTV ANERER R 7 4 =5
BN EE S V7P ORIBICE £ 5,

ARFETH, IAT =0 AT Z e R REEEROFIRIEE IR U, 198 88 i o TS IR R
ISENEE OIS T2 2 L 2R LT Lk, 225808003, #EFMAMNS b
BLWLOTH D, 5%, EEEERORISHED & 52 2RAEIC XY | TSR O SRS O R g
oMo END EEZTND,
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FTE B

BWEOERFPLESTRICHETIEB 7 7 AF—I%, ZETBE, LA, BETHEENIH
EERIT IR 3 D DRI R L TN B, SD OMBEEE LTe s TR ¥ — &3 L.
7T A A =SB DL TLERIC X A BB RTEMALEZIT O L S BR DI~ OIS
TN—TF, V7=U ALKk R ‘I\W T AL —DOWRICY A TE T2, ZORR, Cp*Es
KEFENLF T2 BB L OEEAT =y AR v R REEHEOGRICES U R &H T
BWEER R TZ EEH LML TE T,

SRPLEWEMEIED, TRbLEEIC L > T, LETBE), LAENMN, BETHOMIENR
1k éﬁ’ué EEZ b, BHEOIEMER XV IRMREECHRMICETT 5 Z L3 lifrEn5g, £
Te AR, BN OTRBIIS R L, B, B TmEO A2 6 TEE OB _LCigtEkn
EIT T HFREMERH D, £z, SR-CRAAA OURCERERIC L 5FRERICED, 4 S0
SRN O ESNOFRRKISEBAER L S ETRETHS L I TE T4 208RBIZ L5
TR IEE OFEMEAL tetrametallic activation 2NFTEEIZ 725 L HIfF &h 5D,

AT, Wi - AEAT =7 LR ) B R R7 52X F—OFERB L OB FIRBOFEN, 72
b N RS HEO R E i e Lz,

B1ETIE, &7 I A —DERBEMHEIZOVTHRAN, RICZNETCOLBERT T A4 —
Zﬂ%&zob\ﬂﬂﬁﬁ L. EELOBERE IR~ T, REICEESEEFIRSICOWTHIF L, U - H
BT =0 L0 TR —RISEOME L AHIEE L ORUSE WO RFEO BRY & BEIZOWT
_ATz,

B2ETIE, ZNETITRENTELNZERY E N R T RE—DERRICHOWTE & U,
HENT =T LRI E R R TRAZ-OERERT Lz, BT =0 LT VLK
(77-CsHs)Ru(77-allyl)Cl, (1a) % LiAlH, & FS S RO BICT /v a— L CRET 5 2 & T, MgV
F o AANFHE FU REER (7-CsHs)Rus(u-H)o(s-H), (22) 2355472, BIEEERD CsB Ric i@
BILEBEATH T & T, (17-CsHMe)Ruy(-H)y(15-H), (2b), (77°-CsHsMey)sRug(=H)y(15-H)s (2¢),
(17°-CsHy Bu)sRug(u-H)o(1s-H), 2d) BEFLTE Tz, RPIC Cpri A4 DI AT 285K 2 15
FESHTBL LT, HTHIC Cp £ Cpria FBHI AT DI (77-CsHy)y(17-CsMes)Ru,-
(uH)y(p5-H)4 (2€), (77-CsHs)a(7-CsMes)sRua(p-H)a(ps-H)a (21), (77°-CsHs)(r7-CsMes)sRuy(p-H)(5-H)y
(2g) OBIRA R EHH HERL LTz, —BOSUL% Scheme 7 - 11T7R Lz,
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@ C;D
Ru.,, \ _Ru\
i \ el =N el

Y, UAL

1a 3
L|AIH4 LiAIH, I

EtOH Cp*Ru(acac) Cp*;RuyH, Cp*3Ru3H;
EtOH EtOH EtOH
<> <z
]

Ru R'u Ru Ru
Ba e R% A
vl vl el e
2a 2e 2f 2g
Scheme 7 -1 WUENT =0 ANFH B FU REEHE 2 DERE

WESR TR 2 SLIBSERORIBLE T H 2 LT = 7 57 U VSR (7-CsHs)Ru(r7-ally)CL,
(1a) . BT =0 A tmeda 858 (77°-CsHs)Ru(tmeda)Cl (3) DREEFOARKRER WE L, B2
RINOHBMBCETE 2 H L% R LI (Scheme 7 - 2),

<y /\/

Ru.,
~ \ "Cl
Ph3P \PPh3 CHJCls, MeOH, 120 °C, 2 h l
81%
<7

: tmeda @
Ru., » \ Ru_
¥\ "l --N* (o]
Q\/ \c. 1a CH,Cly, rt, 10 min \,r{\
92% 3
A
<z =
Ru ,,,,,
OC/ \ 'Cl

n-decane, 170 °C
Ar bubbling, 5 h

64%

Scheme 7 -2 8514 1a, 3 DS REOK A

MURESE G 2 DAL AR, $5(k3 2 FU FRIECEIT L7 Lo — L CABT 3 - LG,
tbp Mt & D TR T = W h~TH B R K2 5 X% — (7-CsHs)sRusHy (4a) ZOH LT, &
To RO F 2 EMIT 2 2 L bATHETH Y . (17°-CsHaMe)sRusH; (4b), (7°-CsHs)a(17°-CsMes)RusH,
(o) ZEWRT DI ENTE T, —HEORG%Scheme 7 - 312F & 70, S5 da (XIREHCTT 5
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7 a I ThY ., axial fiL & equatorial fERAZRHLT D, L A4S THNMR 2227 h L% 3
2b—arTHIZEICL, ZoOBRERRICK LT "Berry Pseudorotation” {2 58 {El DR %
#EZR L7z (Scheme 7 - 4),

QI ;G/
\ _Ru\ Ru.
N""f ™ci 7\ “Cl
(N~ Ay,
3 1b
LiAlH4

Cp*Ru(acac)

EtOH EtOH
< < ;
WA S S W/ .
by c:m o
a5 N PN
4a 4c 4bh

®= O= C5H5Ru

Scheme 7 - 4 $5 4a OEIAIERE

W T =T TP e R REEE2 OBFREBEZEB(LEELZEEEME L. 7 v b vbx
i BAFBCRISEBE Uiz, SR 23S vBo 7 e e Kt L, &7 B F4 oL
T LANTEZE Y REEE T BERT 5, 856 Th-BF, 1% T, JIIE IV T80 °C T 53 ms &\
IfEERL, b FU RIS FARBEOHEERANGET 2 2 MM L, 65 2¢, 2f
(LA VT 4 EFE T CINENT % L KRB BET L, gL T = WA? B RU REER9
DR LT, $8 2f Oy FIEE X BHEEMITIC L Vo IC L, 7 7 A ¥ —a TIXENE K
T = & W] BT Lic, BHIS 26, 26 KSR & B SHTES Ly ~F9E [ 18K 9¢, of &
AR Ui, $(R 261 LC, —BORR %7 L (Scheme 7 - 5),
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B7TE BE

<7 1+ <o
/R“\ HBF ;- OEt,/Et,0 NaBPh, /R W
V! Tt ;
\ R, u// > Ru/\? BPhs
(\) 8 Et,0, rt, § min / CH3OH, rt, 10 min (\7 A
Hy 7 ;é/

2 7f-BF4 7f-BPh,

Ry ethylene R Ha (1atm) AN
Rut Ut . /’7(
/Ru; \ RO 7 > %Ru\~

HY Ry ; benzene, 120 °C, 27 h henzene-dg, rt, 10 h Ry

?\

Bg

Scheme 7-5 $&{8 2f D72 | iAbB L UBLAZLK G

W7 b7 b U FEEERITBE LRI L, MEEALT =0 LT /4% VK (57-CsHs)Ruy-
(u-H)(us-H)o(15-0) (10) % TIIZALT = WAEXﬁ#/%ﬁ(UCﬁmmmumoban%ﬁ
25T EEHLMNI LT (Scheme 7 - 6),
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Scheme 7 - 6 #{k 2a &R & DG

AR LML T = A SV RY NEE 2, WEAT =T L5 FTE R Réko, €
AF A MG T =0 b7 2 R REEER 7, MEAVT =0 5 ) 3% VK 10, TEVT
=W AANTHE RY REEK 4 OBETIREE CV RIEIC & 03 L7z, WPhofECENTE,
KFFBUNLF D Cs B BIZ A TFNEEZBAT DI BN Ep (HEREMANC T 7 b L, Zhid, K&
BN F OB TSN EE DI, 7 FAX—a T OBTHEEN EFT2L2RLTBY,
RN T R 2 CY T AL —DOBRTHBREERIMN CEDZ L 2R LTS, MR 21, &
RY RERLF O T MEE By BB S e (Table 7- 1), e, M b HRA
Uk RV REEHEKD CV OFEREIIET 2 2 & T, SRIUBICHEW 1 B R u(ﬂm)mk
KB MT T MTBH D A: I BT Lz (Table 7-2), Ziuid, Z2#%{bic & Y HOMO O >3 /1
?%VNwﬁL%LTwélk%%bfwéoik\i&-E&%WTmﬁﬁ&ﬁﬁﬁéﬂTV
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RDDIZR LT, W - HER T, ZEBOBLEGBENRTFET D Z & bH LML,
I, TLEROENE,. @B-SBMAAOBEIMCL Y., 2T 515 2, ZLEMEB{LET
BRMCIIERNICE < = L35,

Table 7- 1 $&(K 2 DPELL (E1p), & B U FERRALFOLFET T ME
BIUOCGREDATFNVEDOH Ny

'H NMR Eyp [mV]
complexes Ru-H (&§/ppm) Nye 1 2nd 31 4t

2a -8.59 0 —2577 -2079 —386
2b —8.69 4 -2712 —2204 —506 -
2e -8.75 5 —2750 ~2249 —548 -193
2¢ —8.90 8 - —2181 - -
2f —8.94 10 —2364 -631 —238

lg —9.84 15 —2356 —841 -305

Table 7-2 Cp**, Cp REMAR U & F U FEERD | BEFEMLIRTENL (+1/0, vs Ag/Ag")

complexes Eyp [mv]
(7°-CsMesEt)Rus(p-H), =75
( 7°-CsMesEt)Rug(u-H)s(14-H), —524
(77-CsMesBt)yRuy(u-H)y(5-H), (2h) —875
(7°-CsHs)aRug(1-H)(15-H), (2a) - 7386
(77°-CsHs)sRusH, (4a) —656

CV DFERICHEEDE | WSRO B TG 2t L, B0t e B1e L, Cp* iz X
WAL & T BT =T APt R U REER (7°-CsMegEt)Ruy(u-H),(1s-H), 2h) % U F v
LATBET L, MEMER EEEICHMML, PETBAT=T L M) & R FEEK
(7-CsMe Bt Rup(u-Li(THF))(w-H); (12) B35 7z, T hY A F 7 X L= R CETTH &, W
MEE2zAToPMEERT. BROET=F VBT =Y 4 Y e RY FEEK
[(77°-CsMe Et),Ru,(z-H);1[Na] (13) 2345 & 417z,

3 EOH, MBALT =T AT RY RESE 2 & 7% L ORISERA Lz, 85 2
WL, 1[/EDTEF VeSS L, 1 D TOTEFLURBRVIAENTUZELT =Y
ASEEHTT U DUE 4 BB, WAL = ASERETT Y DU 141, b9
1 FOTEFLyERVALI ERHRTHY, TEFLOFEAKITCMEATLZ LIty
WS = b B R Z BT T U P $EK 15 233 B 7z (Scheme 7 - 7).
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T5E. @RMFEENEMTSIL, NFTTARNBNAT =0 LT VX R 20 BER LT, Z
DEIE T, i EDOT A% o=y M, $EREE TR SHBO T X EZHL TN D
TEERERBICEVHL DI L, NE 7T AN T =07 LT 03 8K 20 13T X
D, @RHFEAEPERETZ LR NEAMEEICRD & &b, B LT VX0 C-C
AW ST, BT =T AERATAXY DUk 20 BAERTHZ L 2RI L, K
2a LTNHR DRGE 2-T7F BN LT, Scheme 7 - 81277 L7z,
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Scheme 7 - 8 $8fk 2a & 2-7'F L DI

B 4TI, R 2a LA VT 4 VBRIV L OIS ERE U, #8522 LRI LT ¢
v EDIRTI, CH AR LY, RIS TIRNELT =0 DRFET7 0 U 7 8k
16 23R U BRI 0ofE & & BICEHERB 7T AR U DVEEHR 19 B AERT D Z R L L,
BEIR 16 OB & D SER 19 B L, MBSIERWNZ &0 D S5 16 138 & 5 3Bl AE Y ©
B . SR 19 B ERARY Ch D, K2 LT ) 0= b UL L ORRTHE CC A
OUENREZY, MEANT = A X ZEHERBT VF Y DA (7-CsHs)Ruy(s-H),-
(15-CCH;)(15-CNH,) (21g) MR L7z, —H Ot % Scheme 7 - 91T & & 7z,
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HSETIHER2a L Fuv T UV BIUKRAT L v EDRGERS LT 85k 2a &7 =L
VIOV EDRIBETIE, NETFABNUBNT =0 A ZEHEB Y VR (5-CsHs)sRugHs-
(-1 17: P -H,SiPh) (23a) WERR LTz, $ffk23a db FY FENLT & oA L ORI v 7V
VBB E N, EOMMPH LR 23a 132 BT 3 POFEA RuS) 2ETHIE 2T LT
Uiz, Sk 2a LU RRUT L, B/ 8 FRYS L LORRTH, SiH B LU SiC AR El
ERT, WEALT =0 L8 KEY U LUK (7-CsHs)Rug(u-H),(16-H)(1-SiRy) (24) D38BTz,
$Eik2a L& Ny T o OJS%EScheme 7 - 1S & W07, WENAT =T AVTFILVEGEVY L
VR 24b IDREEWA THNMR A7 M ERIET 2 & BIRMIT Cp Fo v 7T A0 1 FifE D
VTFNNELTHEESNL, XD, 4GV VUM X 6 SOEBRMIKA LEBIE R AR
LWEIRBREH T2 Z & %8 520 Lz (Scheme 7 - 12),
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Experimental Section

General. All manipulations were carried out under an atmosphere of argon using standard Schlenk tech-
niques. Dehydrated toluene, tetréhydrofuran, pentane, methanol and ethanol were purchased from Kanto
Chemical Co. Litd. and used without further purification. Diethyl ether was dried over sodium benzophe-
none ketyl and stored under an atmosphere of argon. Dichloromethane was dried over diphosphorus pen-
taoxide and stored under an atmosphere of argon. Benzene-ds, tetrahydrofuran-dg and toluene-dy were
dried over sodium-benzophenone ketyl and distilled under an atmosphere of argon. The neutral alumina
used for column chromatography was deoxygenated under vacuum. (775-C5H5)Ru(PPh3)2C1, !
(17°-CsHs)Ru(CO),Cl, 2 Na[CsHs], > (7°-CsMes)Ru(acac), * diruthenium tetrahydrido complexes
(17-CsMes),Rup(1-H),, (17°-CsMeEt),Ruy(u-H),,> triruthenium pentahydrido complexes (7°-CsMes);Ru;-
(1-H);3(15-H),, (775'-C5Me4Et)3Ru3(,u-H)3(/13-H)2,6 tetraruthenium polyhydrido complexes (77°-CsMesEt)s-
Ruy(u-H)y(us-H)s (2h), [(7-CsMe,Et)sRuy(1-H)7|[BF,] (Th-BFy), [(77"-CsMe,Et) Ruy(u-H)y(1s-H)ql-
[BF,], (8-BF,), [( 775—C5Me4Et)4Ru4(y-H)4(,u3-H)4] [PFql, (8-PFg)’ and triethylsilane-d,® were prepared

according to previously described.

Instruments. NMR spectra were recorded on a Varian INOVA-400 instrument (‘H 400.13 MHz, *C
100.61 MHz, *'P 161.97 MHz). All chemical shifts were reported in ppm. 'H and >C NMR spectra were
referenced to tetramethylsiléne utilizing residual 'H or *C signals of the deuterated solvents as an internal
standard. *'P NMR spectra were referenced to external 85% aqueous phosphoric acid. Coupling constants
(J) were reported in hertz (Hz). Elemental analysis was performed with a Perkin-Elmer 2400 Series
CHNS/O analyzer. IR spectra were recorded on Nicolet AVATAR 360 spectrometer. Mass spectra were
recorded on a JEOL JMS-T100CS mass spectrometer. FD-MS spectra were measured at Chemical Re-

sources Laboratory, Tokyo Institute of Technology.

! Bruce, M. L; Windsor, N. I. Aust. J. Chem. 1977, 30, 1601.

% a) Synthesis of (77°-CsHs)Ru(CO),Cl from (7°-CsHs),Ru,(CO)y4; Blackmore, T.; Cotton, . D.; Bruce, M. L; Stone, F.
G. A. J. Chem. Soc. 1968, 4, 2931. b) Synthesis of (77°-CsHs),Rus(CO),; Humphries, A. P.; Knox, S. A. R. J. Chem.
Soc., Dalton Trans. 1975, 1710. .

3 Panda, T. K.; Gamer, M. T.; Roesky, P. W. Organomerallics 2003, 22, 877.

- 4 Kaelle, U.; Kossakowski, I.; Rabbe, G. Angew. Chem. Int. Ed. 1990, 29, 773.

5 Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima, M.; Tanaka, M.; Moro-oka, Y. Organometallics 1994,
13, 1129.

¢ Suzuki, H.; Kakigano, T.; Tada, K.; Igarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem.
Soc. Jpn. 2008, 78, 67.

TR K, MBS, BURTEERSE, 1998,
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Electrochemical Studies. The cyclic voltammograms were recorded using a Hokuto Denko HSV-100
under an atmosphere of argon in glovebox. The supporting electrolyte was 0.1 M [("Bu)4N][PF,] in tetra-
hydrofuran. Tetrahydrofuran was purified as described above. Tetrabutylammonium hexafuluorophos-
phate was purified by recrystallization from tetrahydrofuran. Measurements were carried out at room
temperaturé in an electrochemical three-electrode cell with the Ag/Ag" ([("Bu)sN][PFs]/MeCN) reference
electrode. The working electrode and the auxiliary electrode were a platinum disk electrode and a plati-

num wire, respectively. The concentration of each sample was prepared about 1.0 mM.

X-ray Crystallographic Studies. The X-ray crystallographic studies were done using a Rigaku R-AXIS

RAPID diffractometer and graphite-monochromated MoK « radiation (A = 0.71073 A).

Chapter 2

(17°-CsHs)aRuy(u-H), (15-H), (22). To a stirred solution of (77°~CsHs)Ru(7’-CsHs)CL, (1a, 981 mg, 3.5
mmol) in tetrahydrofuran (120 me) was added excess LiAIH, (1.5 g) at —78 °C. The mixture was slowly
warmed to room temperature and allowed to stir for 2 h. Then the excess LiAlH, was filtered off. The
pale yellow solution was again cooled to —78 °C. Solutions of ethanol (10 mL) and tetrahydrofuran (20
mL) were added dropwise from an addition funnel to the cooled solution. After warming to room tem-
perature, the resulting dark brown solution wés allowed to stir for 30 min. Removal of the solvent under a
reduced pressure gave a dark brown solid. The residue was extracted with toluene and the extract was
filtered through Celite and alumina. The following purification by column chromatography on alumina
with pentane, toluene, and tetrahydrofuran afforded 246 mg (42%) of 2a as a dark brown solid. 'H NMR
(400 MHz, benzene-ds, 1t, &/ppm): —8.59 (s, 6H, Ru-H), 4.45 (s, 20H, CsH5). C NMR (100 MHz, ben-
zene-dg, 11, d'ppm): 69.9 (d, Jog = 177.0 Hz, CsHs). T, measurement (sec, 'H NMR, 400 MHz, tetrahy-
drofuran-ds, —80 °C): 0.32 (Ru-H).

(77-CsH Me)Ru,(u-H),(5-H)s (2b). As with the synthesis of 2a, reaction of (775—C5H4Me)Ru-
(i7-allyD)Cl, (1b, 426 mg, 1.5 mmol) with LiAlH, (0.5 g) in tetrahydrofuran (15 mL) followed by
work-up with ethanol (2 mL, dissolved in 10 mL of tetrahydrofuran) gave 2b (103 mg, 39%) as a dark
brown solid. '"H NMR (400 MHz, benzene-d;, tt, &/ppm): —8.69 (s, 6H, Ru-H), 1.76 (s, 12H, CsH,CH3),
4.41 (br s, wi2 = 4.3 Hz, 8H, CsHy;CH3), 4.48 (s, wi, = 4.3 Hz, 8H, CsH,CH3). C NMR (100 MHz, ben-

§ Caseri, W.; Pregosin, P. 8. J. Organomet. Chem. 1988, 356, 259.
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Zene-de, I't, 6‘/ppm). 15.8 (q, JCH =127.5 HZ, C5H4CH3), 69.0 (d, JCH =176.3 HZ, C5H4CH3), 714 (d, JCH =
174.8 Hz, CsH,CH3), 87.3 (s, CsH,CH3). IR (Ge, ATR, cm™): 3066, 2968, 2912, 2865, 1471, 1449, 1376,
1363, 1221, 1033, 815. The field-desorption mass spectrum was measured, and the intensities of the ob-

tained isotopic peaks for C,,H3,Ru, agreed with the calculated values within experimental error.

(17°-CsH3Me,)Ruy(-H)y(15-H), (2¢). As with the synthesis of 2a, reaction of (7°-CsH;Me,)Ru-
(773-allyl)C12 (1c, 305 mg, 0.99 mmol) with LiAlH, (0.3 g) in tetrahydrofuran (30 mL) followed by
work-up with ethanol (1.2 mL, dissolved in 10 mL of tetrahydrofuran) gave 2¢c (124 mg, 64%) as a dark
brown solid. '"H NMR (400 MHz, benzene-dj, rt, §/ppm): —8.90 (s, 6H, Ru-H), 1.86 (s, 24H, CsH;Me,),
4.28 (s, 4H, CsH3Mey), 4.33 (s, 8H, CsH;Me,). °C NMR (100 MHz, benzene-dg, rt, &/ppm): 16.2 (q, Jen
= 126.7 Hz, CsH3Me;), 70.1 (d, Jeg = 173.1 Hz, CsHsMe,), 72.5 (d, Jeg = 171.6 Hz, CsH;Me,), 86.2 (s,
CsH;Me,). IR (Ge, ATR, cm): 3091, 3068, 2969, 2949, 2915, 2879, 2863, 1484, 1450, 1370, 1265, 1208,
1034, 937, 835, 646, 639. Anal. Calcd for C,sHyoRuy: C, 42.96: H, 5.41. Found: C, 42.68: H, 5.28.

Preparation of (77°-CsH,"Bu)Ru(7’-allyl)Cl, (1d). a) Synthesis of n-butylcyclopentadiene. To a stirred
solution of Na[CsHs] (32.5 g, 370 mmol) in tetrahydrofuran (400 mL), »-butyl bromide -(31.5 mL, 0.8
equiv) was added over 1 h at 0 °C. The mixture was stirred overnight at room temperature. Addition of
water gave two layers; the tetrahydrofuran layer was removed and the aqueous layer was extracted with
diethyl ether. The tetrahydrofuran and combined ether extracts were dried over magnesium sulfate. Re-
moval of the tetrahydrofuran and diethyl ether (rotary evaporator) gave n-butylcyclopentadiene as a yel-
low oil (tetrahydrofuran and ether mixture, 29.0 g, 45%). b) Synthesis of (7°-CsH,"Bu)Ru(PPh;),Cl. The
reaction was carried out in a 1-L, two-necked round-bottomed flask equipped with a reflux condenser
topped with an argon bypass. Triphenylphosphine (11.5 g) was dissolved in 300 mL ethanol by heating at
110 °C. Hydrated ruthenium trichloride (2.89 g, 11.1 mmol) was dissolved in ethanol (50 mL) by stirring
carefully. This ruthenium trichloride solution was added to the triphenylphosphine solution, and then
freshly distilled r-butylcyclopentadiene solution (19.5 mL dissolved in 50 mL ethanol) was added as the
same procedure. After the ruthenium trichloride/n-butylcyclopentadiene solution was added, the mixture
had a dark-brown color, which after 1 h, has lightened to a dark red-orange. After removal of the solvent
~ under a reduced pressure, the reaction mixture passed through the alumina column (2 times) with hexane
and dichloromethane. A yellow band obtained was dried under a reduced pressure, and then addition of
diethyl ether afforded an orange precipitation. The solvent was removed and dried under vacuum to give

(7-CsH{"Bu)Ru(PPh;),Cl as an orange solid (6.47 g, yield = 75%). '"H NMR (400 MHz, CDCI;, rt,
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dppm): 0.89 (t, J = 7.2 Hz, 3H, -CH,CH,CH,CH), 1.35 (m, 2H, -CH,CH,CH,CH3), 1.50 (m, 2H,
-CH,CH,CH,CH3), 2.31 (t, J = 7.2 Hz, 2H, -CH,CH,CH,CH,), 3.26 (s, 2H, Cs;H,"Bu), 3.97, (s, 2H,
CsH,"Bu), 7.10 (t, J = 7.6 Hz, 12H, Ph), 7.20 (t, J = 7.2 Hz, 6H, Ph), 7.37 (m, 12H, Ph). c) Synthesis of
(17°-CsH,"Bu)Ru(77*-allyl)Cl, (1d). A glass autoclave was charged with (77°-CsH,"Bu)Ru(PPhs),Cl (4.08 g,
5.22 mmolj, allyl chloride (6.3 mL), dichloromethane (10 mL) and methanol (1.1 mL). The reaction ves-
sel was heated at 120 °C with stirring for 1.5 h and the color of the solution changed from murky orange
to dark scarlet. After removal of the solvent under a reduced pressure, ethanol was added until the residue
was completely dissolved. This solution was concentrated under a reduced pressure to afford an orange
precipitation. This precipitation, which is the desired complex 1d, was separated by filtration (230 mg).
After removal of the solvent of the filtrate under a reduced pressure, the orange precipitation was formed
by addition of a large quantity of diethyl ethet. After addition of ethanol until the residue was completely
dissolved, the solution was concentrated to afford an orange precipitation. This precipitation, which is the
desired complex 1d, was separated by filtration (150 mg). The desired complex 1d was obtained as an
orange solid (380 mg, 22%, cqntaining small amount of phosphonium salts which is difficult to remove).
Purification using a silica gel or alumina column chromatography is difficult. "H NMR (400 MHz, CDCls,
rt, dppm): 0.96 (t, J= 8.0 Hz, 3H, -CHZCHZCH2CH35, 1.45 (qt, J = 8.0, 8.0 Hz, 2H, -CH,CH,CH,CHa),
1.67 (it, J = 8.0, 8.0 Hz, 2H, -CH,CH,CI,CH3), 2.44 (t, J= 8.0 Hz, 2H, -CH,CH,CH,CH3), 3.58 (d, /=
8.4 Hz, 2H, 17-CH,CHCH,), 4.40 (d, J = 6.0 Hz, 2H, 7°-CH,CHCH,), 5.04 (tt, J = 6.0, 8.4 Hz, 1H,

773-CH2CHCH2), 5.23 (br s, wip = 5.1 Hz, 2H, CsH,"Bu), 5.52 (br s, wy;, = 4.9 Hz, 2H, Csl,"Bu). _

(17°-CsH{"Bu)sRu,(1-H),(15-H), (2d). As with the synthesis of 2a, reaction of (77°-CsH,"Bu)Ru(77-allyl)-
Cl, (1d, 107.7 mg, 0.321 mmol) with excess LiAlH, in tetrahydrofuran (10 mL) followed by work-up
with ethanol (2.0 mL, dissolved in 20 mL of tetrahydrofuran) gave 2d (11.2 mg, 16%) as a dark brown
solid. 'TH NMR (400 MHz, benzene-dg, 1t, &/ppm): —8.58 (s, 6H, Ru-H), 0.96 (t, J = 7.6, 7.6 Hz, 12H,
-CH,CH,CH,CH,), 1.38 (qt, J = 7.6, 7.6 Hz, 8H, -CH,CH,CH,CHy), 1.67 (tt, J = 8.0, 8.0 Hz, 8H,
-CH,CH,CH,CH3), 2.16 (t like, J = 7.6 Hz, 8H, -CH,CH,CH,CH;), 4.38 (br t, J = 1.6 Hz, 8H, CsH,"Bu),
4,55 (brt, J = 1.6 Hz, 8H, CsH,"Bu). BC NMR (100 MHz, benzene-ds, rt, dppm): 14.3 (qt, Jeu= 123.7,
3.7, 3.7 Hz, -CH,CH,CH,CHs), 23.2 (qtt, Jou = 123.7, 4.1, 4.1 Hz, -CH,CH,CH,CHj3), 29.9 (ttt, Joy =
125.1, 3.9, 3.9 Hz, -CH,CH,CH,CHj), 34.3 (ttt, Jog = 124.5, 4.2, 4.2 Hz, -CH,CH,CH,CH3), 68.9 (d, Jcu
=175.3 Hz, CsH,"Bu), 70.5 (d, Joy = 172.0 Hz, CsH,"Bu), 93.0 (m, CsH,"Bu).

(775-C5H5)3(775-C5Me5)Ru4(;t-H)2(,u3-H)4 (2¢). To a stirred solution of 1a (181 mg, 0.65 mmol) in tetrahy-
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drofuran (10 mL) was added excess LiAlH, (0.2 g) at —78 °C. The mixture was slowly warmed to room
temperature and allowed to stir for 2 h. Then the pale yellow mixture was filtered through glass filter to
remove excess LiAlH,. (77°-CsMes)Ru(acac) (73 mg, 0.22 mmol) was dissolved in tetrahydrofuran (7 mL)
and ethanol (1 mL), and cooled to —~78 °C. The pale yellow solution was added dropwise from an addition
funnel to the cooled solution of (77°-CsMes)Ru(acac). After warming to room temperature, the resulting
dark brown solutjon was allowed to stir for 2 h. Removal of the solvent under a reduced pressure gave a
dark brown solid. The residue was extracted with toluene and the extract was filtered through Celite and
alumina. The following purification by column chromatography on alumina with pentane, toluene, and
tetrahydrofuran afforded 57 mg (36%) of 2e as a dark brown solid. "H NMR (400 MHz, benzene-dg, rt,
dppm): —8.75 (s, 6H, Ru-H), 1.73 (s, 15H, CsMes), 4.48 (s, 15H, CsHs). *C NMR (100 MHz, benzene-ds,

rt, dppm): 12.7 (q, Jou = 126.6 Hz, CsMes), 69.6 (d, Jou = 176.2 Hz, CsHs), 85.1 (s, CsMes).

(17-CsHs)y(17°-CsMes),Ru(1-H),(15-H), (2f). To a stirred solution of 3 (23 mg, 0.071 mmol) in tetrahy-
drofuran (5 mL) was added excess LiAlH, (0.1 g) at —78 °C. The mixture was slowly warmed to room
temperature and éllowed to stir for 30 min. Then the pale yellow mixture was filtered through glass filter
to remove excess LiAlH,. The diruthenium tetrahydrido complex, (17°-CsMes),Ruy(z-H)s, (34 mg, 0.071
mmol) was dissolved in tetrahydrofuran (5 mL) and ethanol (I mL), and cooled to —78 °C. The pale yel-
low solution was added dropwise from an addition funnel to the cooled solution of diruthenium tetrahy-
drido complex. Aﬁer warming to room temperature, the resulting dark red solution was allowed tob stir for
>30 min. Removal of the solvent under a reduced pressure gave a dark red solid. The residue was extracted
with toluene and the extract was filtered through Celite and alumina. The following purification by col-
umn chromatography on alumina with pentane, toluene, and tetrahydrofuran afforded 42 mg (73%, based
on 3) of 2f as a dark brown solid. The diruthenium tetrahydrido complex was recovered from the red elu-
ates (13 mg, 38%). '"H NMR (400 MHz, bénzene-ds, rt, dppm): —8.94 (s, 6H, Ru-H), 1.76 (s, 30H,
CsMes), 4.51 (s, 10H, CsHs). °C NMR (100 MHz, benzene-dg, rt, &/ppm): 12.7 (q, Jou = 126.1 Hz,
CsMes), 69.1 (d, Jon = 176.3 Hz, CsHs), 84.9 (s, CsMes). IR (Ge, ATR, cm™): 2975, 2901, 1469, 1409,
1367, 1261, 1218, 1098, 1021, 997, 799.

‘ (775-C5H5)(775-C5Me5)3Ru4(,u-H)2(/13-H)4 (2g). To a stirred solution of 3 (25 mg, 0.081 mmol) in tetrahy-
drofuran (5 mL) was added excess LiAlH, (0.1 g) at —78 °C. The mixture was slowly warmed to room
temperature and allowed to stir for 10 min. Then the pale yellow mixture was filtered through glass filter

to remove excess LiAlH,. (775-C5Me5)3Ru3(y-H)3(y3—H)z (74 mg, 0.10 mmol) was dissolved in tetrahy-
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drofuran (5 mL) and ethanol (1 mL), and cooled to —78 °C. The pale yellow solution was added dropwise
from an addition funnel to the cooled solution of (775-C5Me5)3Ru3(,u-H)3(y3—H)2. After -warming to room
temperature, the resulting dark brown solution was allowed to stir for 30 min. Removal of the solvent
under a reduced pressure gave a dark brown solid. The residue was extracted with toluene and the extract
was ﬁlteréd through Celite and alumina. The following purification by column chromatography on alu-
mina with pentane, toluene, and tetrahydrofuran afforded 65 mg (92 %, based on 3) of 2g as a dark brown
solid. "H NMR (400 MHz, benzene-d, rt, o'ppm): —9.84 (s, 6H, Ru-H), 1.84 (s, 45H, CsMes), 4.47 (s, 5H,
CsHs). >C NMR (100 MHz, benzene-ds, rt, dppm): 13.1 (q, Joy = 126.1 Hz, CsMes), 67.9 (d, Joy = 175.5
Hz, CsHs), 84.8 (s, CsMes). IR (Ge, ATR, cm™): 2963, 2897, 1458, 1420, 1370, 1260, 1099, 1022, 864,
795. ' |

Analysis of Isotopomers of 2a from Reaction of 2a with benzene-ds. An NMR tube was charged with
2a (2.0 mg, 2.98 rmol), benzene-ds (0.5 mL) and cycloheptane (1 drop by using a 10 zl. syringe). The
tube was sealed and heated at 80 °C for 144 h, then 100 °C for 105 h. The intensity ratio of isotopomers of
2a was measured by '"H NMR spectra. The 'H NMR analysis revealed that a 9.3:24.8:29.8:21.9:14.2 ratio

of 2a:2a-d:2a-d,:2a-dy:2a-d,’ was present in the final reaction mixture and 30% of 2a was decomposed.

Reaction of 2a with Methanol. A 50-mL Schlenk tube was charged with 2a (15.0 mg, 22.4 xmol) and
methanol (10 mL). The reaction vessel was stirred at room temperature for 4 h. After removal of the sol-
vent under a reduced pressure, recovery of 2a was confirmed by 'H NMR spectra. Then, an NMR tube
was charged with 2a, benzene-ds (0.5 mL) and excess methanol. The solution was heated at 80 °C for 26 h

and the formation of isotopomers of 2a was confirmed by 'H NMR spectra.

Analysis of Isotopomers of 2a from the Reaction of 2a with CD;OD. An NMR tube was charged with
2a (8.0 mg, 11.9 zmol), methanol-d, (0.5 mL) and cycloheptane (0.3 £L). The tube was sealed and heated
at 60 °C and analyzed periodically. The intensity ratio of isotopomers of 2a was measured by 'H NMR

spectra.

Reaction of 2a with H,. A glass autoclave was charged with 2a (32.4 mg, 48.3 zmol) and tetrahydrofuran

(7 mL). The autoclave was evacuated after the solution was frozen by liquid nitrogen. Then, 5.8 atm of

® 1a-d,: The subscript n means the number of deuterium directly bound to the metal centers.
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hydrogen was charged into a glass autoclave at room temperature. The reaction vessel was heated at 80 °C
with stirring for 70 h. After removal of the solvent under a reduced pressure, recovery of 2a was con-

firmed by '"H NMR spectra.

Reaction of 2a with D,. An NMR tube equipped with a Teflon seal-cock was charged with 2a (7.2 mg,
10.7 pmol), toluene-ds (0.6 mL) and cyéloheptane (1 pL) as an internal standard. The tube was evacuated
after the solution was frozen by liquid nitrogen. Then, 1 atm of D, was charged into the tube at room
temperature. The reaction was carried out at room temperature for 172 h. "H NMR analysis revealed that
a 2.27:12.2:31.9:42.6:11.1 ratio of 2a-d,:2a-d;:2a-d,:2a-ds:2a-d; was present in the reaction mixture

(75% deuteration).

Reaction of 2a in Toluene. A 20-mL Schlenk tube equipped with a Teflon seal-cock was charged with 2a
(15.0 mg, 22.4 gmol) and toluene (5 mL). The solution was heated at 100 °C with stirring for 41 h. After
removal of the solvent under a reduced pressure, recovery of 2a was confirmed by "H NMR spectra. Then,

the solution was heated with stirring for 24 h at 120 °C and 2a was decomposed completely.

Preparation of (77-CsHs)Ru(7-ally)Cl, (1a) from (7°-CsHs)Ru(PPh;),Cl. A glass autoclave was
charged with (77°-CsHs)Ru(PPh;),Cl (7.0 g, 9.6 mmol), allyl chloride (7.7 mL), dichloromethane (18 mL)
and methanol (2 mL). The reaction vessel was heated at 120 °C with stirring for 2 h and the color of the
solution changed from murky orange to dark scarlet. After cooling of the solvent, the yellow crystals were
formed. The filtrate was concentrated under vacuum, and then the yellow crystal was formed again. The
crystals washed with hexane, ethanol and diethyl ether, and then dried under vacuum to give 1a as a yel-

low solid. The same procedure repeated 5 times (10.8 g, yield = 81%).

Preparation of (7°-CsHs)Ru( 7’ -allyDCl, (1a) from (77-CsHs)Ru(CO),CL. A two-necked round bot-
tomed 100-mL flask containing (775-C5H5)Ru(CO)2Cl (0.51 g, 2.0 mmol) and n-decane (30 mL) was fitted
with an efficient reflux condenser, and the atmosphere was replaced by argon. After the Ru(II) complex
was dissolved at 120 °C, allyl chloride was added (10 mL, 100 equiv). The reaction was carried out at
140 °C for 2.5 h, but the formation of 1a was not observed. Then, the argon gas was bubbled through the
solution and the solution was refluxed for 5 h at 170 °C. The reaction mixture was cooled and washed
with diethyl ether in order to remove unreacted Ru(Il) complex. Complex 1a (0.35 g) was obtained as a

yellow solid on removal of the solvent under a reduced pressure (yield = 64%).
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Preparation of (775-C5H5)Ru(tmeda)Cl 3) from (77°-CsHs)Ru(7-allyDCl, (1a). A 100-mL Schlenk
tube was charged with 1a (1.00 g, 3.67 mmol) and dichloromethane (75 mL). To a stirred solution, tmeda
(1.6 mL) was added. After stirring for 10 min at room temperature, the color of the solution was changed
to red. The solvent was removed and the residue washed with pentane (10 mL, 3 times). Then the residue
was extracted with tetrahydrofuran (100 mL) and dried under vacuum to give 3 as an orange solid (1.06 g,

yield = 92%).

(17°-CsHs)sRusH; (451). To a stirred solution of 3 (192 mg, 0.60 mmol) in tetrahydrofuran (15 mL) was
added excess LiAlH, (0.5 g) at —78 °C. The mixture was slowly warmed to room temperature and allowed
to stir for 3 h. Then the pale yellow mixture was filtered through glass filter to get rid of excess LiAIH,.
The volatile compounds were removed under a reduced pressure, and the residue was again dissolved in
tetrahydrofuran (10 mL). The pale yellow solution was again cooled to —78 °C. Solutions of ethanol (1
mL) and tetrahydrofuran (10 mL) were added dropwise from an addition funnel to the cooled solution.
After warming to room temperature, the resulting dark brown solution was allowed to stir for 2 h. Re-

moval of the solvent under a reduced pressure gave a black solid. The residue was extracted with toluene
and the exiract was filtered through Celite and alumina. The following purification by column chroma-
tography on alumina with pentane and toluéne afforded 42 mg (41%) of 4a as a black solid. 'H NMR
(400 MHz, toluene-ds, —60 °C, d/ppm): ~13.62 (s, 7H, Ru-H), 4.40 (s, 15H, CsHs), 4.95 (s, 10H, CsHs).
3C NMR (100 MHz, toluene-ds, rt, dppm): 71.8 (d, Jey = 177.1 Hz, CsHs), 72.0 (d, Jex = 180.9 Hz,
CsHs). IR (KBr, cm™): 3094, 2967, 1409, 1093, 1063, 923, 819, 790.

(17°-CsHs)(77°-CsMes)RusH; (4c). To a stirred solution of 3 (125 mg, 0.39 mmol) in tetrahydrofuran (12
mL) was added excess LiAlH, (0.5 g) at —78 °C. The mixture was slowly warmed to room temperature
and allowed to stir for 30 min. Then the pale yellow mixture was filtered through glass filter to get rid of
excess LiAIH,. The pale yellow solution was again cooled to —78 °C. (7°-CsMes)Ru(acac) (26 mg, 0.079
mmol) was dissolved in tetrahydrofuran (7 mL) and ethanol (0.5 mL), and cooled to ~78 °C. The pale
yellow solution was added dropwise from an addition funnel to the cooled solution of
(77°-CsMes)Ru(acac). After warming to room temperature, the resulting dark brown solution was allowed
to stir for 2 h. Removal of the solvent under a reduced pressure gave a dark green solid. The residue was
extracted with toluene and the extract was filtered through Celite and alumina. The following purification

by column chromatography on alumina with pentane, toluene, and tetrahydrofuran afforded 49 mg (55%,

276



EERDED

based on acac complex) of 4c as a dark green solid. 'H NMR (400 MHz, tetrahydrofuran-ds, rt, &/ppm):
~13.83 (s, 7H, Ru-H), 1.96 (s, 15H, CsMes), 4.52 (s, 20H, CsHs). *C NMR (100 MHz, tetrahydrofuran
-dg, 1t, o'ppm): 13.6 (q, Jeg = 126.4 Hz, CsMes), 71.5 (d, Jeu = 174.7 Hz, CsHs), 89.0 (br s, CsMes). IR
(Ge, ATR, em™): 3101, 2969, 2897, 1472, 1456, 1411, 1375, 1263, 1116, 1097, 1023, 995, 806, 790.

(7]5-C5H4Me)5Ru5H7 (4b). Reaction of 1b (426 mg, 1.5 mmol) and LiAlH, (0.5 g) in tetrahydrofuran (15
mL) followed by work-up with ethanol (2 mL, dissolved in 10 mL of tetrahydrofuran) gave a dark green
solid. The residue was extracted w.ith toluene and the extract was filtered through Celite and alumina. The
following purification by column chromatography on alumina with pentane, toluene, and tetrahydrofuran
afforded 4b (73 mg, 28%) as a dark green solid. '"H NMR (400 MHz, benzene-ds, rt, &/ppm): —13.66 (5,
7H, Ru-H), 1.85 (br, wy,, = 37.4 Hz, 15H, CsH,CH;), 4.49 (br, wy;, = 35.9 Hz, 8H, CsH,CH;), 4.80 (br,
wip = 14.5 Hz, 12H, CsH,CH;). "C NMR (100 MHz, benzene-d;, 1t, &ppm): 15.9 (q, Jou = 126.7 Hz,
CsH,CHs;), 70.7 (d, Jcg = 175.5 Hz, CsH4CH,), 73.2 (d, Jeg = 173.1 Hz, CsH,CH3), 88.7 (s, CsH,CH;). IR
(Ge, ATR, em '): 3079, 2958, 2913, 2867, 1604, 1474, 1451, 1363, 1222, 1097, 1030, 917, 814, 797.

Reaction of 4a in Toluene. An NMR tube equipped with a Teflon seal-cock was charged with 4a (2.0 mg,
2.4 pmol) and toluene (0.5 mL). The solution was heated at 150 °C with stirring for 72 h. After removal

of the solvent under a reduced pressure, recovery of 4a was confirmed by 'H NMR spectra.

[(7°-CsHs)sRuH;][BF4] (7a). A 50-mL Schlenk tube was charged with 2a (15.0 mg, 22.4 zmol) and
diethyl ether (5 mL). To a stirred solution, HBF,-OMe,/Me,O (2.7 L, 1 equiv) was added. After stirring
for 20 min at room temperature, the color of the solution was changed to colorless. The solvent was re-
moved and the residue washed with diethyl ether (5 mL, 3 times), then dried under vacuum to give 7a as
a brown solid (yield = 88%). '"H NMR (400 MHz, acetone-dj, rt, dppm): —11.19 (s, 7H, Ru-H), 5.29 (s,
20H, CsHs). C NMR (100 MHz, acetone-ds, 1t, &/ppm): 79.0 (d, Joy = 182.2 Hz, CsHs).

[(77°-CsH Me),Ru H;][BF,] (7b-BF,). A 50-mL Schlenk tube was charged with 2b (26.1 mg, 35.9 umol)
and diethyl ether (5 mL). To a stirred solution, HBF, OEt,/Et,0 (51-57%, 4.9 pl., 1 equiv) was added.
~ After stirring for 20 min at room temperature, the color of the solution was changed to colorless and the
black precipitate was formed. The solvent was removed and the residue washed with diethyl ether (5 mL,
3 times), then dried under vacuum to give 7b-BF, as a black solid (28.8 mg, yield = 99%).‘ '"H NMR (400

MHz, acetone-dg, rt, dppm): —11.16 (s, 7H, Ru-H), 1.85 (s, 12H, CsMeH,), 5.03 (t, J = 1.6 Hz, 8H,
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CsMeH,), 5.38 (t, J = 1.6 Hz, 8H, CsMeH,). °C NMR (100 MHz, acetone-dj, rt, &/ppm): 15.1 (q, Jog =
127.6 Hz, CsMeH,), 76.9 (d, Jon = 179.6 Hz, CsMeH,), 80.3 (d, Joy = 178.3 Hz, CsMeH,), 98.6 (s,
CsMeH,).

[(ns-C5H4Me)4Ru4H7][BPh4] (7b-BPh,). A 50-mL Schlenk tube was charged with 7b-BF, (28.8 mg,
35.4 pmol) and methanol (5§ mL). After NaBPh, (48.4 mg, 4 equiv) was added, the reaction was carried
out at room temperature for 1 h. After 1 h, the color of the solution was changed to pale brown and the
black precipitaté was formed. The solvent was removed and the residue washed with methanol (5 mL, 3
times), then dried under vacuum to give 7b-BPhy as a black solid (29.2 mg, yield = 79%). "H NMR (400
MHz, tetrahydrofuran-ds, rt, &ppm): —11.29 (s, 7H, Ru-H), 1.76 (s, 12H, CsMeH,), 4.84 (t, J = 2.0 Hz,
8H, CsMeH,), 5.16 (t, J = 2.0 Hz, 8H, CsMeH,), 6.71 (t, J= 6.8 Hz, 4H, BPh,), 6.85 (t, J= 7.2 Hz, 8H,
BPhy), 7.23 (br, 8H, BPh,). >C NMR (100 MHz, tetrahydrofuran-ds, rt, Jppm): 15.1 (q, Jog= 127.6 Hz,
CsMeHy), 77.0 (d, Joy = 179.4 Hz, CsMeH,), 80.2 (d, Jeu = 177.6 Hz, CsMeHy), 98.6 (s, CsMeHy), 121.7
(dt, Jou = 155.0, 10.9 Hz, BPh,), 125.6 (d, Jon = 150.8 Hz, BPhy), 137.1 (dt, Jen = 152.6, 7.3 Hz, BPhy),
165.1 (q, Jac = 48.8 Hz, ipso-Ph). T\ measurement (sec, 'H NMR, 400 MHz, tetrahydrofuran-d, rt): 1.42
(6-11.29),2.77 (6 1.76), 5.63 (54.84), 6.01 (55.16), 2.50 (56.71), 1.77 (56.85), 1.75(57.23).

[(7°-CsHs)s(77-CsMes)Ru H;| [BF,] (7e-BF4). A 50-mL Schlenk tube was charged with 2e (49.7 mg,
67.1 pmol) and diethyl ether (10 mL). To a stirred solution, HBF,-OEt)/Et,O (51-57%, 9.1 4L, 1 equiv)
was added. After stirring for 10 min at room temperature, the color of the solution was changed to color-
less and the black precipitate was formed. The solvent was removed and the residue washed with diethyl
ether (5 mL, 3 times), then dried under vacuum to give 7e-BF, as a black solid (48.7 mg, yield = 88%).
'H NMR (400 MHz, acetone-dg, rt, ppm): —11.22 (s, 7TH, Ru-H), 1.73 (s, 15H, CsMes), 5.22 (s, 15H,
CsHs). *C NMR (100 MHz, acetone-dj, rt, dppm): 11.9 (q, Jou= 127.5 Hz, CsMes), 77.6 (d, Jou = 179.6
Hz, CsHs), 97.9 (s, CsMes).

[(77°-CsHs)s(77°-CsMes)Ru H,7] [BPhy] (7e-BPhy). A 50-mL Schlenk tube was charged with 7e-BF, (17.6
mg, 21.2 zmol) and methanol (5 mL). After NaBPh, (36.3 mg, 5 equiv) was added, the reaction was car-
ried out at room temperature for 10 min. After 10 min, the black precipitate was formed. The solvent was
removed and the residue washed with methanol (1 mL, 3 times), then dried under vacuum to give
7e-BPh, as a black solid (14.0 mg, yield = 62%). 'H NMR (400 MHz, acetone-ds, rt, dppm): —11.23 (s,
7H, Ru-H), 1.72 (s, 15H, CsMes), 5.19 (s, 15H, CsHs), 6.78 (t, J = 7.4 Hz, 4H, BPhy), 6.92 (t,J=74 Hz,
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8H, BPhy), 7.34 (br, 8H, BPh,). *C NMR (100 MHz, acetone-dg, rt, J/ppm): 11.8 (q, Jeu= 127.2 Hz,
CsMes), 77.5 (d, Jeu = 179.8 Hz, CsHs), 97.8 (s, CsMes), 122.1 (dt, Joy = 155.3, 7.7 Hz, BPhy), 125.8 (d,
Jou = 150.7 Hz, BPhy), 136.9 (dt, Joy = 152.6, 6.8 Hz, BPhy), 164.8 (q, Jac = 49.4 Hz, ipso-Ph).

[(775-C5H5)2(775-C5Me5)2Ru4H7][BF4] (7f-BF,). A 50-mL Schlenk tube was charged with 2f (19.5 mg,
24.0 mmol) and diethyl ether (5 ij. To a stirred solution, HBF, OEt,/Et,0 (51-57%, 3.3 4L, 1 equiv)
was added. After stirring for 5 min at room temperature, the color of the solution was changed to colorless
and the black precipitate was formed. The solvent was removed and the residue washed with diethyl ether
(5 mL, 3 times), then dried under vacuum to give 7f-BF, as a black solid (20.3 mg, 94%). "H NMR (400
MHz, acetone-dg, rt, dppm): —11.54 (s, 7H, Ru-H), 1.79 (s, 30H, CsMes), 5.10 (s, 10H, CsHs). *C NMR
(100 MHz, acetone-d;, rt, d/ppm): 12.2 (q, Joy= 127.4 Hz, CsMes), 75.9 (d, Jog = 179.1 Hz, CsHs), 96.7
(s, CsMes). T, measurement (sec, 'H NMR, 400 MHz, acetone-dg, rt): 1.23 (6—11.54), 3.14 (51.79), 8.40
- (55.10).

[(7°-CsHs)y(7°-CsMes),Ru,H;] [BPhy] (7f-BPhy). A 50-mL Schlenk tube was charged with 7f-BF, (26.4
mg, 32.5 umol) and methanol (3 mL). After an excess of NaBPh, (36.9 mg) was added, the solution was
stirred for 10 min at room temperature. The solvent was removed and the residue washed with methanol
(1 mL, 3 times), then dried under vacuum to give 7f-BPh, as a black solid (28.9 mg, 79%). '"H NMR (400
MHz, acetone-dg, 1t, d/ppm): —11.54 (s, 7H, Ru-H), 1.78 (s, 30H, CsMes), 5.08 (s, 10H, CsHs), 6.78 (t, J =
7.2 Hz, 4H, BPhy), 6.92 (t, J = 7.2 Hz, 8H, BPh,), 7.34 (m, 8H, BPh,). *C NMR (100 MHz, acetone-d;,
rt, dppm): 12.2 (q, Jeg= 127.4 Hz, CsMes), 75.8 (d, Jou = 178.6 Hz, CsHs), 96.6 (s, CsMes), 122.1 (dt,
Jeu = 156.0, 8.0 Hz, BPhy), 125.9 (d, Jou = 151.2 Hz, BPh,), 136.9 (dt, Jon = 152.6, 7.3 Hz, BPA,), 164.8
(q, Jac = 49.3 Hz, ipso-Ph).

(17-CsHs)(77°-CsMes),Rug(15-H), (9f). An NMR tube equipped with a Teflon seal-cock was charged
with 2f (13.8 mg, 17.0 umol) and benzene (0.5 mL). The tube was evacuated after the solution was frozen
by dry ice/methanol. Then, 1 atm of ethylene was charged into the tube at room temperature. The tube
was heated at 120 °C for 27 h. After removal of the solvent under a reduced pressure, purification by col-
~ umn chromatography on alumina with pentane and toluene gave 13.5 mg of 9f as a dark green solid (yield
= 98%). 'H NMR (400 MHz, tetrahydrofuran-ds, -80 °C, dppm): —13.88 (s, 2H, Ru-H), —12.67 (s, 2H,
Ru-H), 1.50 (s, 30H, CsMes), 4.16 (s, 10H, CsHs). °C NMR (100 MHz, benzene-dg, 1t, dppm): 12.7 (q,
Jou = 125.2 Hz, CsMes), 62.3 (d, Jeg = 174.2 Hz, CsHs), 76.7 (s, CsMes). T; measurement (sec, 'H NMR,
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400 MHz, tetrahydrofuran-ds, rt): 0.57 (5—13.88), 0.67 (5—12.56), 0.83 (51.50), 2.23 (54.16).

Reaction of 2f with 3,3-dimethyl—1-butene. A 50-mL glass tube equipped with a Teflon seal-cock was
charged with 2f (63.1 mg, 77.8 rmol), benzene (5 mL) and 3,3-dimethyl-1-butene (50 4L, 5 equiv). The
reaction Veésel was heated at 120 °C with stirring for 88 h. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 41.1 mg of

9f as a dark green solid (yield = 65%).

(17-CsHs)(17°-CsMes)sRu,(u5-H), (9g). An NMR tube equipped with a Teflon seal-cock was charged with
2g (27.8 mg, 31.6 pgmol) and benzene (0.5 mL). The tube was evacuated after the solution was frozen by
dry ice/methanol. Then, 1 atm of ethylene was charged into the tube at room temperature. The tube was
heated at 80 °C for 78 h. After removal of the solvent under a reduced pressure, purification by column
chromatography on alumina with pentane and toluene gave 17.2 mg of 9¢g as a dark green solid (yield =
62%). 'H NMR (400 MHz, tgtrahydroﬁlran-dg, —80 °C, dppm): —13.77 (s, 3H, Ru-H), -13.67 (s, 1H,
Ru-H), 1.58 (s, 45H, CsMes), 4.16 (s, SH, CsHs). °C NMR (100 MHz, tetrahydrofuran-d, rt, §/ppm):
13.3 (q, Jep= 125.2 Hz, CsMes), 61.6 (d, Jog = 173.9 Hz, CsHs), 76.8 (s, CsMes). T) measurement (sec,
'H NMR, 400 MHz, tetrahydrofuran-ds, rt): 0.70 (5—13.77), 0.59 (5—13.67), 0.68 (51.58), 2.22 (54.16).
ESI-MS: m/z = 879.91 (M"). '

Reaction of 2g with 3,3-dimethyl-1-butene. A 50-mL glass tube equipped with a Teflon seal-cock was
charged with 2g (42.4 mg, 48.1 umol), benzene (5 mL) and 3,3-dimethyl-1-butene (31 4L, 5 equiv). The
reaction vessel was heated at 120 °C with stirring for 47 h. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 27.5 mg of

9g as a dark green solid (yield = 65%).

Reaction of 9f with Hydrogen. An NMR tube equipped with a Teflon seal-cock was charged with 9f (3.3
mg, 4.08 umol), benzene-ds (0.5 mL) and cycloheptane (0.1 #L) as an internal standard. The tube was
evacuated after the solution was frozen by dry ice/methanol. Then, 1 atm of hydrogen was charged into

the tube at room temperature. After 10 h, 'H NMR analysis revealed the ratio of 9f/2f was 5/95.

Reaction of 9g with Hydrogen. An NMR tube equipped with a Teflon seal-cock was charged with-9g

(2.6 mg, 2.96 wmol), benzene-ds (0.5 mL) and cycloheptane (0.4 L) as an internal standard. The tube

280



EEROER

was evacuated after the solution was frozen by dry ice/methanol. Then, 1 atm of hydrogen was charged

into the tube at room temperature. After 168 h, 'H NMR analysis revealed the ratio of 9g/2g was 22/78.

_(775-C5H5)4Ru4(ﬂ-H)2(ﬂ3-H)2(ﬂ3-O) (10). A 50-mL Schlenk tube was charged with 2a (32.9 mg, 49.0
pmol) and evacuated air. The tube was charged with air, and added tetrahydrofuran (5 mL). After stirring
for 1 h at room temperature, the color of the solution changed from purplish black to black. After removal
of the solvent under a reduced pressure, purification by column chromatography on alumina with pentane

and tetrahydrofuran gave 30.3 mg of 10 as a black solid (yield = 90%).

(7-CsHs)RuH,(15-0), (11). A 50-mL Schlenk tube was charged with 2a (64.9 mg, 96.7 zmol) and
evacuated air. The tube was charged with air, and added tetrahydrofuran (8 mL). After stirring for 30 min
at room temperature, the color of the solution changed from purplish black to black. After removal of the
solvent under a reduced pressure, purification by column chromatography on alumina with toluene, tet-

rahydrofuran and methanol gave 12.2 mg of 11 as a red solid (yield = 18%).-

Reaction of 10 with O,. A 50-mL Schlenk tube was charged with 10 (13.1mg, 19.1 gmol) and evacuated
air. The tube was charged with air, and added tetrahydrofuran (5 mL). After stirring for 18 h at room tem-

perature, the 'H NMR analysis revealed that the ratio of 10/11 was 74/26.

Electrochemical Studies. Cluster 2a (7.6 mg), 2b (15.0 mg), 2¢ (14.4 mg), 2e (7.9 mg), 2f (10.3 mg), 2g
(11.8 mg), 5a (7.6 mg), 5¢ (9.6 mg), 7b-BPh, (8.9 mg), 7e-BPh, (7.2 mg), 7{-BPh, (10.3 mg), 9f (11.6

mg), 9g (10.4 mg), 10 (6.1 mg) were used for recording the cyclic voltammograms.

(775-C5Me4Et)zRuz(,u-Li(THF))(y-H);, (12). A 50-mL glass tube equipped with a Teflon seal-cock was
charged with 2h (15.8 mg, 15.7 zmol), tetrahydrofuran (10 mL) and lithium powder (2.6 mg). After stir-
ring for 68 h at room temperature and the color of the solution changed from red-purple to orange. The
lithium powder was removed by filtration, and dried under vacuum to give 12 as an orange solid (15 mg,
yield = 91%). 'H NMR (400 MHz, tetrahydrofuran-dg; tt, dppm): —16.76 (s, 3H, RuH), 0.92 (t, J= 7.6
~ Hz, 6H, CH;CH,CsMey), 1.83 (s, 24H, CH;CH,CsMe,), 2.23 (q, J = 7.6 Hz, 4H, CH;CH,CsMe,). Bc
NMR (100 MHz, tetrahydrofuran-ds, rt, /ppm): 11.6 (q, Jou = 125.1 Hz, CsEtMe,), 11.8 (q, Jou = 125.1
Hz, CsEtMe,), 15.0 (q, Jou = 125.7 Hz, CH,CHyCsMey), 20.1 (t, Joy = 1262 Hz, CH,CH,CsMe,), 76.3 (s,
CsEtMey), 76.7 (s, CsEtMey), 83.1 (5, C5EtMe4).. '
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[(77°-CsMe4Et),Ru,(1-H);][Na] (13). An NMR tube equipped with a Teflon seal-cock was charged with
2h (14.4 mg, 14.3 pmol), tetrahydrofuran-ds (0.5 mL) and cycloheptane as an internal standard. After so-
dium naphtalenide was added (50 zL, 2.5 equiv), the reaction was monitored by '"H NMR spectra peri-
odically. The quantitative formation of 13 was confirmed at 41 h. "H NMR (400 MHz, tetrahydrofuran-ds,
rt, dppm): —16.69 (s, 3H, RuH), 0.93 (t, J= 7.2 Hz, 6H, CH;CH,CsMey), 1.88 (s, 12H, CH;CH,CsMe,),
1.89 (s, 12H, CH;CH,CsMe,), 2.27 (q, J = 7.2 Hz, 4H, CH;CH,CsMey).

Chapter 3

(77°-CsHs)sRu,(u-H)s(15-CCH3) (14a). An NMR tube equipped with a Teflon seal-cock was charged with
2a (17.9 mg, 26.7 pmol) and benzene-ds (0.5 mL). The tube was evacuated after the solution was frozen
by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube at room temperature. After 1 h,
the color of the solution changed from purplish biack to reddish black. After removal of the solvent under
a reduced pressure, purification by column chromatography on alumina with pentane and toluene gave
10.0 mg of 14a as a reddish black solid (yield = 54%). A single crystal of 14a was obtained from a tolu-
ene solution at —30 °C. "H NMR (400 MHz, benzene-ds, rt, &/ppm): —15.61 (s, 5H, Ru-H), 3.77 (s, 3H,
15-CCILL), 4.67 (s, 15H, CsHs), 4.94 (s, SH, CsHs). *C NMR (100 MHz, benzene-dj, rt, &/ppm): 53.7 (q,
Jen = 125.2 Hz, 15-CCH3), 73.5 (d, Jeu = .176.9 Hz, CsHs), 79.9 (d, Jeu = 175.5 Hz, CsHs), 308.1 (s,
15-C). Anal. Calcd for CyHygRu,: C, 37.92: H, 4.05. Found: C, 38.40: H, 3.90.

Analysis of Isotopomers of 14a from Reaction of 2a with acetylene-d,. An NMR tube equipped with a
Teflon seal-cock was charged with 2a (6.9 mg, 9.69 umol) and benzene-dg (0.5 mL). Residual silicone
grease was used as an internal standard. The tube was evacuated after the solution was frozen by dry
ice/methanol. Then, 1 atm of acetylene-d, was charged into the tube at room temperature. After 1.5 h at
room temperature, 14a-d, was formed quantitatively. The 'H NMR analysis revealed that the deuterium

distribution of 14a-d, was (77°-CsHs)sRusHy 20D0 go(15-CCH| 4D 16)-

(77°-CsH Me),Ru (u-H)s(us-CCH;) (14b). An NMR tube equipped with a Teflon seal-cock was charged
with 2b (18.6 mg, 25.6 xmol) and benzene-ds (0.5 mL). The tube was evacuated after the solution was
frozen by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube at room temperature. Af-
ter 1 h, the color of the solution changed from purplish black to purple. Complex 14b (15.7 mg) was ob-

tained as a purplish black solid on removal of the solvent and remained acetylene under a reduced pres-
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sure (yield = 79%). 'H NMR (400 MHz, benzene-ds, rt, dppm): —15.57 (s, 5H, Ru-H), 1.79 (s, 9H,
CsHyMe), 1.98 (s, 3H, CsHyMe), 3.90 (s, 3H, 145-CCHs), 4.52 (s, 6H, CsH;Me), 4.66 (s, 6H, CsH;Me),
4.81 (s, 2H, CsH4Me), 5.00 (s, 2H, CsH;Me). °C NMR (100 MHz, benzene-dg, rt, &/ppm): 15.8 (q, Jeu=
'126.5 Hz, CsH,Me), 16.6 (q, Jon = 125.9 Hz, CsHyMe), 53.3 (q, Joy = 124.6 Hz, 15-CCH3), 71.86(d, Jou =
174.6 Hz, CsH,Me), 74.85(d, Jey = 175.8 Hz, CsH,Me), 78.8 (d, Joy = 174.6 Hz, CsH;Me), 81.8 (d, Joy =
172.1 Hz, CsH,Me), 91.2 (s, C;H4,CCH3), 96.9 (s, C4H,CCHs), 306.5 (5, z5-C). HMQC (&~ &y): 53.3 -
3.90.

(77-CsHs),(17°-CsMes),Ru,(1-H)s(15-CCH3) (14f). An NMR tube equipped with a Teflon seal-cock was
charged with 2f (34.2 mg, 42.2 mol) and benzene-ds (0.5 mL). The tube was evacuated after the solution
was frozen by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube at room temperature.
After 24 h, the color of the solution changed from dark brown to black. After removal of the solvent under
a reduced pressure, purification by column chromatography on alumina with pentane and toluene gave
29.1 mg of 14f as a black solid (yield = 82%). A single crystal of 14f was-obtained from a pentane solu-
tion at —30 °C. 'H NMR (400 MHz, toluene-ds, rt, o/ppm): —15.96 (br s, wi, = 171.8 Hz, 5H, Ru-H), 1.69
(s, 30H, CsMes), 3.86 (s, 3H, -CHs), 4.855(s, SH, CsHs), 4.865 (s, 5H, CsHs). "H NMR (400 MHz, tolu-
ene-dy, —80 °C, d'ppm): —24.47 (s, 1H, Ru-H), —15.56 (s, 2H, Ru-H), —11.83 (s, 2H, Ru-H), 1.69 (s, 30H,
CsMes), 3.88 (s, 3H, -CHj), 4.94 (s, 5H, CsHs), 4.95 (s, 5H, CsHs). ®C NMR (100 MHz, toluene-ds, rt,
Sppm): 11.8 (q, Jem = 125.7 Hz, CsMes), 48.2 (q, Jou = 123.9 Hz, -CH,), 72.2 (d, Jou = 174.9 Hz, C5Hs),
78.8 (d, Jou = 172.2 Hz, CsHs), 93.0 (5, CsMes), 307.9 (s, 14-C).

(77°-CsHs)(77°-CsMes);Rug(1-H)s(us-CCH3) (14g). An NMR tube equipped with a Teflon seal-cock was
charged with 2g (34.0 mg, 38.9 zmol) and benzene-ds (0.5 mL). The tube was evacuated after the solution
was frozen by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube at room temperature.
After 39 h, the color of the solution changed from purplish black to black. After removal of the solvent
under a reduced pressure, purification by column chromatography on alumina with tetrahydrofuran gave
25.4 mg of 14g as a reddish black solid (yield = 72%). A single crystal of 14g was obtained from a tolu-
ene solution at —30 °C. "H NMR (400 MHz, benzene-dj, rt, &/ppm); —16.51 (s, SH, Ru-H), 1.80 (s, 45H,
CsMes), 3.76 (s, 3H, -CHs), 4.86 (s, 5H, CsHs). *C NMR (100 MHz, benzene-d, rt, dppm): 12.1 (q, Jex
= 125.3 Hz, CsMes), 46.5 (q, Jou™ 123.2 Hz, -CH3), 73.0 (d, Jog = 174.5 Hz, CsHs), 92.0 (s, CsMes),

311.2 (s, 15-C).
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(775-C5H5)4Ru4(y3-H)2(y3—CCH3)2 (15a). An NMR tube equipped with a Teflon seal-cock was charged
with 2a (22.0 mg, 32.8 umol) and benzene-ds (0.5 mL). The tube was evacuated after the solution was
frozen by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube by passing through 4 A
molecular sieve at room temperature. The solution was heated at 80 °C for 160 h and the color of the so-
lution chaﬁged from purplish black to dark reddish brown. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 16.6 mg of
15a as a reddish black solid (yield = 70%). "H NMR (400 MHz, benzene-dj, rt, &ppm): —14.42 (s, 2H,
Ru-H), 3.56 (s, 6H, 15-CCHs), 4.54 (s, 10H, CsHs), 4.94 (s, 10H, CsHs). C NMR (100 MHz, benzene-ds,
tt, d/ppm): 52.5 (q, Jeug = 124.9 Hz, 15-CCH;), 78.2 (d, Jog = 173.6 Hz, CsHs), 84.9 (d, Jog = 173.6 Hz,
CsHs), 309.8 (s, 15-C). Anal. Calcd for C4HpsRuy: C, 39.99: H, 3.92. Found: C, 40.22: H, 3.84.

(7-CsH,Me);Ruy(15-H),(145-CCHs), (15b). An NMR tube equipped with a Teflon seal-cock was
charged with 2b (10.0 mg, 13.8 zmol) and benzene-d; (0.5 mL). The tube was evacuated after the solution
was frozen by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube by passing through 4
A molecular sieve at room temperature. The solution was heated at 80 °C for 73 h and the color of the
solution changed from purplish black to reddish black. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 6.7 mg of
15b as a reddish black solid (yield = 63%). 'H NMR (400 MHz, benzene-d;, rt, &ppm): —14.62 (s, 2H,
Ru-H), 1.66 (s, 6H, CsH,Me), 1.95 (s, 6H, CsH,Me), 3.70 (s, 6H, 15-CCHs), 4.38 (s, 4H, CsH ;Me), 4.47 (s,
4H, CsH;Me), 4.78 (s, 4H, CsHMe), 4.91 (s, 4H, CsH,Me). °C NMR (100 MHz, benzene-dg, t, J/ppm):
14.5 (q, Jox= 126.6 Hz, CsH,Me), 15.9 (q, Jog= 125.9 Hz, CsHyMe), 52.0 (q, Jou = 124.7 Hz, 15-CCH3),

77.5 (d, Jou = 173.2 Hz, CsHyMe), 80.3 (d, Joy = 170.8 Hz, CsH4Me), 84.3 (d, Jeg = 173.2 Hz, CsHyMe),
88.3 (d, Jou = 171.5 Hz, CsHMe), 94.0 (s, C;H,CMe), 98.2 (s, C,HsCMe), 308.9 (s, 15-C). HMQC (&~
o) 52.0-3.70.

Preparation of (77°-CsHs)sRu (- H), (15-H),(1-C(CH;3)C3Hy) (16¢). Reaction 5 16¢
of 2a with 1-pentyne. A 50-mL Schlenk tube was charged with 2a (22.0 mg, N
32.8 umol), tetrahydrofuran (5 mL) and 1-pentyne (16.2 4., 5 equiv). After /r/’\ L

stirring for 19 h at room temperature and the color of the solution changed from H A 0

purplish black to reddish black. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 20.6 mg of

16¢ as a reddish black solid (yield = 85%). 'H NMR (400 MHz, benzene-dj, rt, J/ppm): —15.08 (br s, wip
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= 112.2 Hz, 2H, Ru-H), ~13.87 (br s, wyp = 172.1 Hz, 2H, Ru-H), 1.21 (t, J = 7.2 Hz, 3H, C*-H), 174 (m,
2H, C*-H), 2.97 (m, 2H, C*-H), 3.08 (s, 3H, C'-H), 4.14 (s, 10H, CsHs), 4.43 (s, SH, CsHs), 4.44 (s, 5H,
CsHs). °C NMR (100 MHz, benzene-ds, rt, dppm): 15.8 (q, Joir = 121.1 Hz, C°), 29.7 (t, Joy = 124.6 Hz,
CY, 55.0 (q, Jeu = 121.1 Hz, C'), 64.8 (t, Jou = 124.6 Hz, C°), 70.2 (d, Jou = 174.6 Hz, C5Hs), 75.0 (d,
Jo = 176.8 Hz, CsHs), 193.8 (s, 1-C?). COSY (- &) 1.21 - 1.74, 1.74 - 121, 2.97 - 1.74. HMQC (-
Su): 15.8 -1.21,29.7 - 1.74, 55.0 - 3.08, 64.8 - 2.97. Anal. Caled for CysHzRuy: C, 40.64: H, 4.64. Found:
C, 40.43: H, 4.84.

(775-C5H5)4Ru4(,u-H)2(/13-H)2(/1-C(CH3)C2H5) (16b). An NMR tube equipped with a Teflon seal-cock
was charged with 2a (19.9 mg, 29.7 gmol) and tetrahydrofuran-ds (0.5 mL). After an excess of 2-butyne
was added, the color of the solution changed from purplish black to reddish black in 1 h. Cluster 16b
(21.2 mg) was obtained as a black solid on removal of the solvent and remained 2-butyne under a reduced
pressure (yield = 99%). A single crystal of 16b was obtained from a toluene solution at room temperature.
'H NMR (400 MHz, toluene-ds, —20 °C, d/ppm): —15.09 (s, 2H, Ru-H), —13.90 (s, 1H, Ru-H), —-13.67 (s,
1H, Ru-H), 1.31 (t, /= 7.6 Hz, 3H, -CH,CHs), 2.94 (q, J= 7.2 Hz, 2H, -CH,-), 3.05 (s, 3H, 1+CCH;), 4.10
(s, 10H, CsHs), 4.38¢ (s, 5H, CsHs) 4.384 (s, 5H, CsHs). BC NMR (100 MHz, benzene-ds, rt, d/ppm): 21.0
(9, Jon = 124.2 Hz, -CH3), 53.8 (t, Jey = 120.0 Hz, -CHy-), 55.0 (q, Jou = 123.7 Hz, 4-CCH;), 70.2 (d, Jeu
= 174.6 Hz, CsHs), 754 (d, Jou = 176.7 Hz, CsHs), 195.6 (s, p~C). HMQC (& - dg): 21.0 - 1.28, 54.0 -
3.00, 54.8 - 3.04. Anal. Calcd for C,yHs,Ruy: C, 39.76: H, 4.45. Found: C, 39.92: H, 4.44.

Preparation of (77°-CsHs) Ruy(1-H),(15-H),(1-C(CH3)C3H,) (16¢). Reaction of 2a with 2-pentyne. A
50-mL Schlenk tube was charged with 2a (14.4 mg, 21.5 zmol), toluene (5 mL) and 2-pentyne (6.2 ul., 3
equiv). After stirring for 5 h at room temperature and the color of the solution changed from purplish
black to reddish black. The solvent was removed and the residue washed with pentane (5 mL, 5 times),

then dried under vacuum to give 10.0 mg of 16¢ as a reddish black solid (yield = 63%).

(775-C5H5)4Ru4(,u-H)2(,u3-H)z(y—C(CH3)CH2C6H5) (16d). An NMR tube was charged with 2a (18.0 mg,
26.8 umol) and benzene-ds (0.5 mL). After 1-phenyl-1-propyne (6.7 £, 2 equiv) was added, the reaction
was carried out at room temperature for 3 h. The solvent was removed under a reduced pressure. Purifica-
tion by column chromatography on alumina withvpentane and toluene gave 18.5 mg of 16d as a reddish
black solid (yield = 88%). "H NMR (400 MHz, toluene-ds, —50 °C, S'ppm): —15.05 (s, 2H, Ru-H), —13.44
(s, 1H, Ru-H), —13.39 (s, 1H, Ru-H), 3.22 (s,‘3H, -CHs), 4.06 (s, 10H, CsHs), 4.37 (s, SH, CsHs), 4.41 (s,
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5H, CsHs), 4.52 (s, 2H, -CH,-), 7.24 (t, J= 7.2 Hz, 1H, p-Ph), 7.32 (dd, J= 7.6 Hz, 2H, m-Ph), 7.48 (d, J
= 6.4 Hz, 2H, 0-Ph). °C NMR (100 MHz, benzene-dj, rt, dppm): 53.5 (q, Jou = 124.2 Hz, -CHs), 70.2 (d,
Jen= 174.6 Hz, CsHs), 70.5 (d, Jou= 174.6 Hz, CsHs), 74.9 (d, Jeg = 177. 1 Hz, CsHs), 125.8 (dt, Joy =
159.4, 7.6 Hz, p-Ph), 126.8 (dd, Jou= 155.1, 7.5 Hz, m-Ph), 132.0 (dt, Jou= 154.4, 6.8 Hz, 0-Ph), 142.4

(s, z'pso—Ph), 189.8 (s, 4-C). Anal. Caled for C,oHa4Ruy: C, 44.25: H, 4.35. Found: C, 44.48: H, 4.58.

(17°-CsHs)aRuy(1-H), (15-H),(1-C(CeHs)CH,CeHs) (16¢). Cluster 2a (16.1 mg, 24.0 umol) and ben-
zene-dq (0.5 mL) were charged in an NMR tube, and then diphenylacetylene (8.6 mg, 2 equiv) was added.
The reaction was carried out at room temperature for 18.5 h. The solvent was removed under a reduced
pressure. Purification by column chromatography on alumina with pentane and toluene gave 18.7 mg of
16e as a dark brown solid (yield = 92%). "H NMR (400 MHz, tetrahydrofuran-d, rt, &/ppm): —14.75 (br s,
wy2 = 130.1 Hz, 2H, Ru-H), —12.82 (br s, wp= 29.4 Hz, 2H, Ru-H), 3.98 (s, 10H, CsHs), 4.52 (s, 5H,
CsHs), 4.61 (s, SH, CsHs), 5.28 (s, 2H, -CHy-), 7.01 (1, J= 7.6 Hz, 1H, p-Ph), 7.13 (t, J= 7.6 Hz, 1H,
p-Ph), 7.21 (dd, J= 7.6 Hz, 2H, m-Ph), 7.29 (dd, J= 8.4 Hz, 2H, m-Ph), 7.54 (d, J= 7.2 Hz, 2H, 0-Ph),
8.25 (d, J= 8.4 Hz, 2H, 0-Ph). C NMR (100 MHz, tetrahydrofuran-ds, rt, dppm): 67.6 (t, obscured by
tetrahydrofuran-dg, -CH,-), 70.7 (d, Joy= 175.2 Hz, CsHs), 71.4 (d, Jou= 175.2 Hz, CsHs), 76.2 (d, Jog=
177.1 Hz, CsHs), 124.1 (dt, Jog = 156.9, 6.8 Hz, p-Ph), 125.8 (dt, Joy= 158.7, 7.4 Hz, p-Ph), 126.8 (dd,
Jeg= 155.4, 7.3 Hz, m-Ph), 128.1 (dd, JCH=. 156.9, 7.9 Hz, m-Ph), 129.8 (br, 0-Ph), 132.0 (dt, Jog=155.1,
6.8 Hz, 0-Ph), 143.8 (s, ipso-Ph), 166.2 (s, ipso-Ph), 184.4 (s, p-C). Anal. Caled for C34HssRuy: C, 48.10:
H, 4.27. Found: C, 48.34: H, 4.11.

(775-C5H5)3(775-C5Me5)Ru4(u-H)2(p3-H)2(/1-C(CH3)C2H5) (17). A 50-mL Schienk tube was charged with
2d (35.3 mg, 47.7 gamol), tetrahydrofuran (5 mL) and 2-butyne (18.7 2L, 5 equiv). After stirring for 2 h at
room temperature, the color of the solution changed from purplish black to reddish black. After removal
of the solvent under a reduced pressure, purification by column chromatography on alumina with pentane
and toluene gave 21.8 mg of 17 as a reddish black solid (yield = 58%). 'H NMR (400 MHz, tetrahydro-
furan-ds, rt, &/ppm): —15.27 (br s, wy,= 102.7 Hz, 2H, Ru-H), —-13.91 (br s, wy;,= 268.5 Hz, 2H, Ru-H),
1.36 (t, J= 7.6 Hz, 3H, -CH,CH5), 1.83 (s, 15H, CsMes), 3.03 (m, 2H, -CH,-), 3.05 (s, 3H, 1~CCH,), 4.20
(s, 10H, CsHs), 4.36 (s, 5H, CsHs). PC NMR (100 MHz, tetrahydrofuran-ds, tt, &/ppm): 12.6 (q, Jou=
125.3 Hz, CsMes), 21.0 (q, Jou= 124.3 Hz, -CH3), 54.1 (1, Joy= 122.6 Hz,-CH,-), 54.9 (q, Jou= 122.6
Hz p-CCH3), 70.3 (d, Joy= 174.0 Hz, CsHs), 74.7 (d, Jou= 175.7 Hz, CsHs), 84.1 (s, CsMes), 193.0 (s,

w#-C).
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(17°-CsHs)y(17°-C sMes),Ru (1= H)y (15~ H),(1-C(CH3)C,Hs) (18a). A 50-mL Schlenk tube was charged
with 2f (54.0 mg, 66.6 umol), toluene (10 mL) and 2-butyne (26.6 4L, 5 equiv), and then the solution was
_stirred for 24 h at room temperature. After removal of the solvent under a reduced pressure, purification
by column chromatography on alumina with pentane, toluene and tetrahydrofuran gave 18.8 mg of 18a as
a dark brown solid (yield = 33%). A siﬁgle crystal of 18a was obtained from a pentane solution at —30 °C.
'H NMR (400 MHz, benzene-dg, rt, Sppm): ~15.78 (br s, wi,= 14.2 Hz, 2H, Ru-H), —14.76 (br s, wip=
25.4 Hz, 1H, Ru-H), —14.31 (br s, wy,= 6.4 Hz, 1H, Ru-H), 1.38 (t, /= 7.2 Hz, 3H, -CH,), 1.77 (s, 15H,
CsMes), 1.80 (s, 15H, CsMes), 3.01 (s, 3H, 4-CCH3), 3.03 (q, J = 7.2 Hz, 2H, -CH>-), 4.28 (s, 10H, CsH5).
BC NMR (100 MHz, benzene-d, rt, S/ppm): 12.4 (q, Jou = 125.2 Hz, CsMes), 12.5 (q, Jeu = 125.2 Hz,
CsMes), 21.0 (q, Jeu = 123.9 Hz, -CH3), 53.6 (t, Jou = 124.7 Hz, -CHy-), 55.3 (q, Jeg = 122.0 Hz,

(-CCHy), 74.9 (d, Jey = 175.6 Hz, CsHs), 83.5 (s, CsMes), 84.0 (s, CsMes), 190.4 (s, 1+-C).

(77-CsHs)y(17°-C sMes),Ruy (- H),(15-H),(1-C(CH;3) CH,CHs) (18b). An NMR tube was charged with 2f
(37.7 mg, 46.5 pmol) and benzene-ds (0.5 mL). After 1-phenyl-1-propyne (17.5 gL, 3 equiv) was added,
the reaction was carried out at room temperature for 64 h. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 33.6 mg of
18b as a purplish black solid (yield = 78%). A single crystal of 18b was obtained from a pentane solution
at —30 °C. "H NMR (400 MHz, tetrahydrofuran-ds, rt, ppm): —15.70 (s, wy, = 9.0 Hz, 2H, Ru-H), -14.30
(s, win=13.1 Hz, 1H, Ru-H), -14.20 (s, wi,= 5.4 Hz, 1H, Ru-H), 1.81 (s, 15H, CsMes), 1.86 (s, 15H,
CsMes), 3.14 (s, 3H, -CH,), 4.19 (s, 10H, CsHs), 4.60 (s, 2H, -CH,-), 7.21 (t, J= 6.8 Hz, 1H, p-Ph), 7.32
(t, J= 7.6 Hz, 2H, m-Ph), 747 (d, J= 7.6 Hz, 2H, 0-Ph). "H NMR (400 MHz, tetrahydrofuran-ds, —80 °C,
&ppm): —15.71 (s, 2H, Ru-H), —14.31 (s, 1H, Ru-H), ~14.08 (s, 1H, Ru-H). *C NMR (100 MHz, tetrahy-
drofuran-ds, rt, Jppm): 12.6 (q, Jou = 125.2 Hz, CsMes), 12.7 (q, Jeu = 125.2 Hz, CsMes), 51.6 (4, Jog =
124.5 Hz, -CHs), 74.6 (t, Jou = 123.6 Hz, -CH,-), 75.1 (d, Jou = 175.9 Hz, CsHs), 84.3 (s, CsMes), 84.5 (s,
CsMes), 126.1 (d, Jcg = 159.2 Hz, p-Ph), 128.4 (d, Joy = 157.0 Hz, m-Ph), 131.4 (d, Jog = 156.0 Hz,
0-Ph), 142.8 (s, ipso-Ph), 184.5 (s, 1C). HMQC (&c- dy): 51.6 - 3.14, 74.6 - 4.60, 126.1 - 7.21, 128.4
-7.32,131.4-747.

(77°-CsHs),(77°-CsMes),Rua(1-H)»(15-H)»(1-C(CsHs)CH,CHs) (18¢). An NMR tube was charged with
2f (29.6 mg, 36.5 pmol) and benzebe-ds (0.5 mL). After diphenylacetylene (19.5 mg, 3 equiv) was added,

the reaction was carried out at room temperature for 235 h. After removal of the solvent under a reduced
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pressure, purification by column chromatography on alumina with pentane and toluene gave 24.8 mg of
18c¢ as a purplish black solid (yield = 69%). 'H NMR (400 MHz, tetrahydrofuran-ds, rt, &/ppm): —15.38 (s,
wip = 6.4 Hz, 2H, Ru-H), ~14.14 (s, win=9.5 Hz, 1H, Ru-H), —13.28 (s, wy,= 4.1 Hz, 1H, Ru-H), 1.87 (s,
15H, CsMes), 1.88 (s, 15H, CsMes), 4.01 (s, 10H, CsHs), 5.30 (s, 2H, -CH,-), 6.98 (t, J= 7.2 Hz, 1H,
p-Ph), 7 12 (t, J=17.2 Hz, 1H, p-Ph), 7.17 (d, J= 7.2 Hz, 2H, m-Ph), 7.23 (d, J= 7.2 Hz, 2H, m-Ph), 7.53
(d, /= 7.2 Hz, 2H, o-Ph), 8.18 (d, /= 8.0 Hz, 2H, 0-Ph). 'H NMR (400 MHz, tetrahydrofuran-ds, —80 °C,
dppm): ~15.40 (s, 2H, Ru-H), ~14.07 (s, 1H, Ru-H), —13.17 (s, 1H, Ru-H), 1.87 (s, 30H, CsMes), 3.99 (s,
10H, CsHs), 5.26 (br s, wy,= 9.1 Hz, 2H, -CH,-), 7.00 (t, J= 7.2 Hz, 1H, p-Ph), 7.12 (t, J= 7.2 Hz, 1H,
p-Ph), 722 (d, J= 7.0 Hz, 2H, m-Ph), 7.53 (d, J= 8.0 Hz, 2H, 0-Ph), 7.10-7.35 (br, 2H, m-Ph), 8.11-8.29
(br, 2H, 0-Ph). °C NMR (100 MHz, tetrahydrofuran-ds, rt, dppm): 12.5;(q, Jo = 125.0 Hz, CsMes),
12.65(q, Jou = 125.0 Hz, CsMes), 68.8 (Jey is unobserved, -CH,-), 75.8 (d, Joy = 176.5 Hz, CsHs), 84.6 (s,
CsMes), 85.5 (s, CsMes), 123.8 (d, Jey = 156.9 Hz, p-Ph), 126.1 (d, Joy = 158.7 Hz, p-Ph), 126.6 (d, Jou
= 154.7 Hz, m-Ph), 128.4 (d, Jeu = 156.7 Hz, m-Ph), 130.3 (br, 0-Ph), 130.8 (4, Jog = 154.1 Hz, 0-Ph),
143.6 (s, ipso-Ph), 166.0 (s, zpso—Ph), 179.5 (s, #-C). HMQC (éc- dn): 5.30 - 68.8, 6.98 - 123.8, 7.12 -
126.1,7.17 - 128.4,7.23 - 126.6, 7.53 - 130.8, 8.18 - 130.3.

(17°-CsHs)Ru,(1-H)s(1-CC3H;) (19b). An NMR tube equipped with a Teflon seal-cock was charged
with 16b (12.4 mg, 18.5 ymol) and tetrahydrofuran-dg (0.5 mL). The tube was heated at 80 °C for 91 h.
The color of the solution changed from reddish black to purplish black. After removal of the solvent un-
der a reduced pressure, purification by column chromatography on alumina with pentane and toluene
gave 6.6 mg of 19b as a purplish black solid (vield = 49%). "H NMR (400 MHz, benzene-ds, rt, &ppm):
—-15.63 (s, 5H, Ru-H), 1.15 (1, 3H, -CH3), 1.76 (m, 2H, -CH,CH,CHj), 4.07 (m, 2H, -CH,CH,CHj3), 4.72
(s, 15H, CsHs), 4.93 (s, 5H, CsHs). *C NMR (100 MHz, benzene-ds, tt, Jppm): 317.0 (s, 15-C). COSY

(- Sn): 1.15-1.76, 1.76 - (1.15, 4.07), 4.07 - 1.76

(7°-CsHs)gRu,(u-H) o (124 71 17-CH;CCCH) (20a). An NMR tube equipped with a Teflon seal-cock was
charged with 2a (14.2 mg, 21.2 umol) and benzene-ds (0.5 mL). After an excess of 2-butyne (10 4L, 6
equiv) was added, the tube was heated at 80 °C for 30.5 h. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 8.4 mg of
20a as a reddish black solid (vield = 55%). A single crystal of 20a was obtained from a toluene solution at
-30 °C. 'H NMR (400 MHz, benzene-d, tt, E/ppm): —16.86 (s, 4H, Ru-H), 3.21 (s, 6H, -CH;), 4.47 (s,
10H, CsHs), 4.57 (s, 10H, CsHs). °C NMR (100 MHz, benzene-d, rt, §/ppm): 45.6 (q, Jeu = 124.6 Hz,
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-CHs), 77.8 (d, Jeu = 174.4 Hz, CsHs), 78.0 (d, Jou = 175.8 Hz, CsHs), 188.9 (s, s-17:17°-C). Anal. Caled
for CyHaoRuy: C, 39.88: H, 4.18. Found: C, 40.22: H, 4.00.

 (17°-CsHs)sRug(-H) 4 (4~ 77°: 7-HCCC3H,) (20b). A 50-mL glass tube equipped with a Teflon seal-cock
was charged with 2a (39.9 mg, 59.4 zmol), toluene (5 mL) and 1-pentyne (58.6 4L, 10 equiv). After stir-
ring for 121 h at 60 °C and the color of the solution changed from purplish black to dark reddish brown.
After removal of the solvent under a reduced pressure, purification by column chromatography on alu-
mina with pentane and toluene gave 16.7 mg of 20b as a dark brown solid (yield = 38%), 5.7 mg of 16¢
as a dark red solid (yield = 13%) and 12.4 mg of bis-is-pentylidyne cluster, (77°-CsHs)sRuy-
(15-H)(1-CCyHy), (21f) as a magenta solid (yield = 28%). A single crystal of 20b was obtained from a
toluene solution at —30 °C. '"H NMR (400 MHz, benzene-dj, rt, dppm): —16.89 (s, 4H, Ru-H), 0.97 (t, 3H,
J =172 Hz, C-H), 1.77 (m, 2H, C*-H), 3.23 (m, 2H, C*-H), 4.49 (s, 5SH, CsHs), 4.61 (s, 10H, CsHs), 4.62

(s, 5H, CsHs), 11.11 (s, 1H, C'-H). ’C NMR (100 MHz, benzene-de, 1t,
dppm): 14.5 (q, Ju = 123.3 Hz, C°), 23.9 (t, Jou = 122.6 Hz, C*), 66.4 (1, -
Jon = 124.6 Hz, C*), 76.5 (d, Jou = 174.5 Hz, CsHs), 77.4 (d, Joy = 175.3
Hz, CsHs), 77.9 (d, Jeg = 176.0 Hz, CsHs), 158.3 (d, Joy = 160.6 Hz, C),

194.8 (s, C?).

(17-CsHs),Ruy(u-H) (- 1772 7-CH3CCC,Hs) (20¢). A 50-mL glass tube equipped with a Teflon
seal-cock was charged with 2a (36.7 mg, 54.7 umol), toluene (5 mL) and 2-pentyne (52.5 £L, 10 equiv).
After stirring for 121 h at 60 °C and the color of the solution changed from purplish black to dark reddish
brown. After removal of the solvent under a reduced pressure, purification by column chromatography on
alumina with pentane and toluene gave 18.3 mg of 20¢ as a black solid (yield = 45%). "H NMR (400
MHz, benzene-ds, rt, Jppm): —16.30 (s, 4H, Ru-H), 0.84 (t, /= 8.0 Hz, 3H, -CH,CHs), 3.19 (s, 3H, -CH;),
331 (q, J = 7.2 Hz, 2H, -CH,-), 4.48 (s, 10H, CsHs), 4.59(s, SH, CsHs), 4.60; (5, SH, CsHs). *C NMR
(100 MHz, benzene-ds, rt, &ppm): 19.0 (q, Jeg= 123.9 Hz, -CH,CHj), 46.4 (t, Joy= 123.9 Hz, -CH,-),
48.0 (q, Jon= 123.3 Hz, -CH,), 76.4 (d, Jeyw= 175.2 Hz, CsHs), 77.4 (d, Joy= 174.5 Hz, CsHs), 78.7 (d,
Jen=175.9 Hz, CsHs), 185.0 (s, t-17:17-C), 191.5 (s, pig-17:77-C). Anal. Caled for CpsHyRuy: C, 40.62:
H, 4.36. Found: C, 40.23: H, 4.32.

(17°-CsHs)sRuy(1-H)y(ug-177:17-HCCH) (20d). An NMR tube equipped with a Teflon seal-cock was

charged with 2a (31.4 mg, 43.3 gmol) and benzene-d; (0.5 mL). The tube was evacuated after the solution
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was frozen by dry ice/methanol. Then, 1 atm of acetylene was charged into the tube at room temperature.
The solution was heated at 80 °C for 65 h and the color of the solution changed from reddish black to dark
reddish brown. After removal of the solvent under a reduced pressure, purification by column chroma-
tography on alumina with pentane and toluene gave 22.6 mg of 20d as a reddish black solid (yield = 75%).
A single cfystal of 20d was obtained from a toluene solution at —30 °C. 'H NMR (400 MHz, tetrahydro-
furan-ds, 1t, &ppm): —17.51 (s, 4H, Ru-H), 4.54 (s, 10H, CsHs), 4.69 (s, 10H, CsHs), 10.75 (s, 2H, -CH).
*C NMR (100 MHz, tetrahydrofuran-ds, rt, &ppm): 75.9 (d, Joy = 174.7 Hz, CsHs), 77.6 (d, Jeu = 175.9
Hz, CsHs), 159.7 (d, Jog = 166.5 Hz, 14- 772:772-C). Anal. Calcd for C,oHysRuy: C, 38.03: H, 3.77. Found: C,
37.96: H, 4.11.

Preparation of (77°-CsHs);Ruy(z5-H),(15-CCH;), (15a) from the reaction of 2a with 2-butyne. A
50-mL glass tube equipped with a Teflon seal-cock was charged with 2a (26.4 mg, 39.4 xmol), toluene
(10 mL) and 2-butyne (18 4L, 6 equiv). After stirring for 67 h at 120 °C and the color of the solution
changed from purplish black to dark reddish brown. After removal of the solvent under a reduced pressure,
purification by column chromatography on alumina with pentane and toluene gave 16.5 mg of 15a as a

reddish black solid (yield = §7%).

(775-C5H5)4Ru4(ﬂ3-H)2(y3-CH)(y3-CC3H—,) (21a). An NMR tube equipped

with a Teflon seal-cock was charged with 20b (2.0 mg, 2.7 pmol) and ben-

zene-dg (0.5 mL). After the tube was heated at 90 °C for 142 h, the formation H?&/j

R -
of 21a was confirmed by the 'H NMR spectrum. 'H NMR (400 MHz, ben- % /'3‘,
zene-ds, 1t, S/ppm): —14.37 (s, 2H, Ru-H), 1.10 (t, 3H, J= 7.2 Hz, C’-H), 1.66 <

(m, 2H, C*-H), 3.82 (m, 2H, C’-H), 4.66 (s, 10H, CsHs), 4.97 (s, 5H, CsHs),
5.02 (s, SH, CsHs), 14.84 (s, 1H, C'-H). COSY (& - &): 1.10 - 1.66, 1.66 - 1.10, 3.82 - 1.66.

(17-CsHs)aRu,(15-H),(15-CCH3) (1-CC,Hs) (21b). A 50-mL glass tube equipped with a Teflon seal-cock
was charged with 2a (24.6 mg, 36.7 umol), toluene (5 mL) and 2-pentyne (17.6 4L, 5 equiv). After stir-
ring for 58 h at 120 °C and the color of the solution changed from purplish black to crimson. After re-
moval of the solvent under a reduced pressure, purification by column chromatography on alumina with
toluene gave 20.0 mg of 21b as a reddish black solid (yield = 74%). 'H NMR (400 MHz, benzene-d;, rt,
o'ppm): —14.25 (s, 2H, Ru-H), 1.27 (t, J = 7.2 Hz, 3H, 15-CCH,CH3), 3.53 (s, 3H, 15-CCH3), 3.77 (q; J =
7.2 Hz, 2H, 15-CCH,CHs), 4.58 (s, 10H, Csis), 4.91 (s, SH, CsHs), 4.97 (s, 5H, CsHs). °C NMR (100
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MHz, benzene-ds, 1t, Jppm): 18.1 (q, Jeu = 124.4 Hz, -CH,), 52.6 (q, Jog = 125.1 Hz, -CH,), 57.3 {t, Jeu
=125.1 Hz, -CHy-), 78.1 (d, Jcoy = 173.7 Hz, CsHs), 78.4 (d, Joy = 173.8 Hz, CsH;), 84.4 (4, Joy = 174.5
Hz, CsHs), 310.0 (s, 5-C), 321.5 (s, 4-C). Anal. Calcd for CysHsoRuy: C, 40.86: H, 4.12. Found: C,
- 40.89: H, 4.00.

(77-CsHs)sRuy(15-H),(15-CCH;)(15-CCeHs) (21¢). An NMR tube equipped with a Teflon seal-cock was
charged with 2a (31.0 mg, 46.2 pmol) and benzene-d; (0.5 mL). After 1-phenyl-1-propyne (11.5 4L, 2
equiv) was added, the tube was heated at 80 °C for 133 h. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 27.2 mg of
21¢ as a reddish black solid (yield = 75%). 'H NMR (400 MHz, tetrahydrofuran-d, rt, &/ppm): —13.82 (s,
2H, Ru-H), 3.66 (s, 3H, -CHj), 4.43 (s, 10H, CsHs), 4.97 (s, SH, CsHs), 5.03 (s, SH, CsHs), 6.93 (t, J=7.2
Hz, 1H, p-Ph), 7.12 (dd, J = 8.0 Hz, 2H, m-Ph), 7.29 (d, J = 7.6 Hz, 2H, 0-Ph). *C NMR (100 MHz, tet-
rahydrofuran-ds, rt, d/ppm): 53.1 (q, Jey = 125.4 Hz, -CH3), 78.1 (d, Jog = 174.7 Hz, CsHs), 79.6 (d, Jog =
174.1 Hz, CsHs), 86.4 (d, Jeu = 174.7 Hz, CsHs), 124.1 (d, Jog = 160.9 Hz, p-Ph), 126.8 (dd, Joy = 158.9,
7.9 Hz, m-Ph), 128.5 (dt, Joy = 157.6, 6.8 Hz, 0-Ph), 168.2 (t, Jou = 7.2 Hz, ipso-Ph), 303.4 (s, 15-C),
312.5 (s, 15-C). Anal. Calcd for CysH3oRuy: C, 44.49: H, 3.86. Found: C, 44.06: H, 3.75.

(775-C5H5)4Ru4(;13-H)2(,u3-CC6H5)7_ (21d). A 50-mL glass tube equipped with a Teflon seal-cock was
charged with 2a (36.2 mg, 54.0 gmol), tetrahydrofuran (10 mL). After diphenylacetylene (19.4 mg, 2
equiv) was added, the tube was heated for 30 h at 120 °C. After removal of the solvent under a reduced
pressure, purification by column chromatography on alumina with pentane and toluene gave 24.4 mg of
21d as a reddish black solid (yield = 54%). A single crystal of 21d was obtained from a toluene solution
at —30 °C. 'H NMR (400 MHz, tetrahydrofuran-dj, rt, &/ppm): —~13.06 (s, 2H, Ru-H), 4.23 (s, 10H, CsHs),
5.18 (s, 10H, CsHs), 6.98 (t, J= 7.2 Hz, 2H, p-Ph), 7.18 (dd, J = 8.0 Hz, 4H, m-Ph), 7.32 (d, J = 8.0 Hz,
4H, o-PK). *C NMR (100 MHz, tetrahydrofuran-ds, rt, &/ppm): 79.1 (d, Jox = 172.4 Hz, CsHs), 87.4 (d,
Jen = 172.9 Hz, CsHs), 124.5 (d, Jeg = 159.3 Hz, p-Ph), 127.0 (dt, Joy = 159.3, 3.6 Hz, m-Ph), 128.3 (dt,
Jen = 157.1, 6.8 Hz, 0-Ph), 168.0 (t, Jou = 7.1 Hz, ipso-Ph), 305.1 (s, 15-C). Anal. Calcd for Cs,H;,Ruy: C,
48.33: H, 3.82. Found: C, 48.66: H, 4.09.

(775-C5H5)4Ru4(,u3-H)2(/13-CH)2 (21e): An NMR tube equipped with a Teflon seal-cock was charged with
20d (10.0 mg, 14.4 zmol) and benzene-ds (0.5 mL). After the tube was heated at 120 °C for 65 h, the for-

mation of 21e was confirmed by the 'H NMR spectrum. 'H NMR (400 MHz, benzene-d, tt, dppm):
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~14.70 (s, 2H, Ru-H), 4.61 (s, 10H, CsHs), 4.97 (s, 10H, CsHs), 14.89 (s, 2H, C-H).

(775-C5H5)4RU4(/I3-H)2(/13-CC4H9)2 (21f). An NMR tube equipped with a Teflon seal-cock was charged
with 2a (26.4 mg, 39.4 ymol) and benzene-ds (0.5 mL). After 1-pentyne (19.4 4L, 5 equiv) was added, the
tube was heated at 120 °C for 94 h. The color of the solution was changed from purplish black to crimson.
After removal of the solvent under a reduced pressure, purification by column chromatography on alu-
mina with pentane and toluene gave 19.9 mg of 21f as a magenta solid (yield = 82%). A single crystal of
21f was obtained from a toluene solution at —30 °C. "H NMR (400 MHz, benzene-dj, t, Slppm): —13.83 (s

E

2H, Ru-H), 1.04 (t, 6H, J = 7.2 Hz, C*-H), 1.51 (m, 4H, C*-H), 1.56 (m, 4H, C*-H), 3.83 (m, 4H, C*-H),

4.63 (s, 10H, CsHs), 4.94 (s, 10H, CsHs). BC NMR (100 MHz, benzene-dg, rt, | 21f
Sppm): 14.3 (q, Jou= 123.8 Hz, -C%), 23.9 (t, Jou= 123.7 Hz, -C%), 36.6 (t,
Jon= 124.0 Hz, -C%), 64.7 (t, Joy= 123.7 Hz, -C?), 78.7 (d, Jou= 174.2 Hz,

CsHs), 83.7 (d, Jou= 174.2 Hz, CsHs), 318.9 (s, 1-C"). COSY (- S): 1.04 Q/}

- 1.51, 1.51 — (1.04, 1.56), 1.56 — (1.51, 3.83), 3.58 - 1.56. HMQC (& - 6u):

14.3-1.04,23.9-1.51,36.6 - 1.56, 64.7 - 3.83.

Chapter 4

(775-C5H5)4Ru4(y-H)2(y3-H)2(u-C(CH3)2) (léa) and (775-C5H5)4Ru4(,u-H)5(y3-CC2H5) (19a). A glass
autoclave was charged with 2a (50.2 mg, 74.8 umol) and tetrahydrofuran (8 mL). The autoclave was
evacuated after the solution was frozen by liquid nitrogen. Then, 3 atm of propylene was charged into a
glass autoclave at room temperature. The reaction vessel was heated at 80 °C with stirring for 48 h and
the color of the solution changed from purplish black to reddish black. After removal of the solvent under
a reduced pressure, purification by column chromatography on alumina with pentane and toluene gave
14.3 mg of 16a as a dark brown solid (yield = 27%) and 21.2 mg of 19a as a black solid (yield = 40%). A
single crystal of 16a was obtained from a toluene solution at —30 °C. Compound 16a: 'H NMR (400 MHz,
toluene-ds, —50 °C, d/ppm): —15.27 (s, 2H, Ru-H), —13.43 (s, 2H, Ru-H), 2.99 (s, 6H, -CH3), 4.11 (s, 10H,
CsHs), 4.37 (s, 10H, CsHs). *C NMR (100 MHz, benzene-d, rt, dppm): 54.2 (q, Jouz = 123.8 Hz, -CH3),
70.1 (d, Jeu= 174.6 Hz, CsHs), 74.8 (d, Jop = 176.4 Hz, CsHs), 186.6 (s, 1#C). Anal. Calcd for CyHsoRuy:
C, 38.87: H, 4.25. Found: C, 38.87: H, 4.09. Compound 19a: 'H NMR (400 MHz, benzene-ds, rt, §/ppm):
—15.63 (s, SH, Ru-H), 1.31 (t, J= 7.2 Hz, 3H, -CHz), 4.03 (q, J= 6.8 Hz, 2H, -CH,-), 4.72 (s, 15H, CsHs),
4.93 (s, 5H, CsHs). 3C NMR (100 MHz, benzene-ds, rt, ppm): 18.8 (q, Jog= 124.5 Hz, -CH3), 59.1 (1,
Jen= 126.7 Hz, -CH,-), 73.8 (d, Jou= 175.2 Hz, CsHs), 79.5 (d, Jog = 175.2 Hz, CsHs), 319.6 (s, 15-C).
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(17™-CsHs)sRu(4-H)o(pis-H)p (4 C(CH3)C;Hy) (16¢) and (7-CsHs)sRuy(u-H)s(p5-CC4Hy) (19¢). ) A
50-mL glass tube equipped with a Teflon seal-cock was charged with 2a (50.1 mg, 74.7 zmol), toluene
(15 mL) and 1-pentene (24.4 4L, 3 equiv). The reaction vessel was heated at 80 °C with stirring for 8 h
_and the color of the solution changed from purplish black to dark purple. After removal of the solvent
under a reduced pressure, purification by column chromatography on alumina with pentane and toluene
gave 17.6 mg of 16¢ as a black solid (yield = 32%) and 5.6 mg of 19¢ as a black solid (yield = 10%). A
single crystal of 19¢ was obtained from silicone grease at room temperature. b) A 50-mL Schlenk tube
was charged with 2a (15.4 mg, 23.0 zmol), tetrahydrofuran (5 mL) and 1-pentene (7.5 4L, 3 equiv). The
reaction vessel was heated at 80 °C with stirring for 65 h and the color of the solution changed from dark
purple to black purple. After removal of the solvent under a reduced pressure, purification by column

chromatography on alumina with pentane and toluene gave 13.2 mg of 19¢ as a

black solid (yield = 78%). Compound 19¢: 'H NMR (400 MHz, benzene-dj, rt, 19¢ \ 45
dppm): —15.62 (s, SH, Ru-H), 1.09 (t, J= 7.4 Hz, 3H, C*-H), 1.57 (m, 2H, C*-H), L

1.76 (m, 2H, C*-H), 4.13 (m, 2H, C*-H), 4.74 (s, 15H, CsHs), 4.94 (s, SH, CsHs). C‘Rg— —;}RU—O
3C NMR (100 MHz, benzene-ds, 1t, Jppm): 14.9 (q, Jon = 123.5 Hz, C%), 24.3 (¢, ”{
Jew=122.9 Hz, C%, 36.5 (t, Jou= 126.7 Hz, C*), 67.3 (t, Jon= 123.5 Hz, C?), 73.8 <>

(d, Jen=175.6 Hz, CsHs), 79.6 (d, Jew= 174.9 Hz, CsHs), 317.1 (s, 15-C").

(17°-CsHs)aRu(1-H), (- H)o(1-C(CH3)CHs) (16f) and (77°-CsHs)yRua(u-H)s(us-CCH,CsHs) (199). A
50-mL glass tube equipped with a Teflon seal-cock was charged with 2a (46.9 mg, 69.9 zmol), toluene (8
mL) and styrene (24.3 4L, 3 equiv). The reaction vessel was heated at 80 °C with stirring for 48 h and the
color of the solution changed from purplish black to dark red-purple. After removal of the solvent under a
reduced pressure, purification by column chromatography on alumina with pentane and toluene gave 9.2
mg of 16f as a black solid (yield = 17%) and 20.4 mg of 191 as a dark brown solid (yield = 38%). A single
crystal of 19f was obtained from a toluene solution at —30 °C. Compound 16f: "H NMR (400 MHz, tolu-
ene-dg, —80 °C, &/ppm): —15.01 (s, 2H, Ru-H), ~13.31 (s, 1H, Ru-H), —12.69 (s, 1H, Ru-H), 3.16 (s, 3H,
-CHs), 3.89 (s, 10H, C;sHs), 4.35 (s, 5H, CsHs), 4.45 (s, 5H, CsHs), 7.11 (t, J = 7.2 Hz, 1H, p-Ph), 7.38 (1,
J=1.2Hz, 1H, m-Ph), 743 (t, J = 7.2 Hz, 1H, m-Ph), 7.67 (d, J = 8.4 Hz, 1H, 0-Ph), 8.47 (d, J = 8.4 Hz,
1H, 0-Ph). °C NMR (100 MHz, tetrahydrofuran-d;, rt, &ppm): 50.7 (q, Joy= 124.0 Hz, -CHy), 70.3 (d,
Jen= 175.1 Hz, CsHs), 75.8 (d, Jeu= 175.1 Hz, CsHs), 124.5 (d, Jeu = 156.0 Hz, p-Ph ), 126.9 (d, Jog=
154.0 Hz, m-Ph), 128.9 (0-Ph), 165.9 (s, ipso-Ph), 179.5 (s, 1C). Anal. Caled for CpsHsgRuy: C, 43.51: H,
4.17. Found: C, 43.74: H, 3.96. Compound 3¢: 'H NMR (400 MHz, tetrahydrofuran-ds, 1t, &ppm):
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~15.63 (s, 5H, Ru-H), 4.63 (s, 15H, CsHs), 4.92 (s, 5H, CsHs), 5.81 (s, 2H, -CH,-), 7.09 (t, J="7.2 Hz, 1H,
p-Ph), 120 (t, J= 7.2 Hz, 2H, m-Ph), 7.35 (d, J = 7.2 Hz, 2H, 0-Ph). *C NMR (100 MHz, tetrahydrofu-
ran-dg, rt, §ppm): 70.0 (t, Jou= 132.8 Hz, -CH,-), 74.1 (d, Joy = 175.6 Hz, CsHs), 80.6 (d, Joy= 174.9 Hz,
CsHs), 125.7 (d, Jog= 158.7 Hz, p-Ph), 127.7 (d, Jou= 157.8 Hz, m-Ph), 130.6 (d, Joy= 156.6 Hz, 0-Ph),
145.0 (s, lbso-Ph), 309.6 (s, 15-C).

(7°-CsHs) Ru,Hy(15-CCHy) (19g). A 50-mL glass tube equipped with a Teflon seal-cock was charged
with 2a (34.8 mg, 51.9 umol) and toluene (15 mL). After methylenecyclobutane (24.0 41, 3 equiv) was
added, the tube was heated at 80 °C for 127 h. After removal of the solvent under a reduced pressure, pu-
rification by column chromatography on alumina with pentane and toluene gave 24.5 mg of 19g as a

black solid (vield = 64%). '"H NMR (400 MHz, benzene-dg, rt, ppm): —15.72 (s, SH, Ru-H), 2.00 (t, 2H,

J=9.4 Hz, C*-H), 2.37 (m, 2H, C*-H), 2.48 (m, 2H, C*-H), 4.57 (t, 1H, J= 8.4 Hz,

19
C>-H), 4.81 (s, 15H, CsHs), 4.92 (s, 5H, CsHs). "C NMR (100 MHz, benzene-ds, N 3
rt, ppm): 16.1 (t, Jou= 128.0 Hz, C*), 35.6 (t, Jou= 130.0 Hz, C°), 682 (d, Jon= | 1?2
127.0 Hz, C%), 73.9 (d, Jou= 176.1 Hz, CsHs), 78.9 (d, Joy= 175.7 Hz, CsHs), C‘R/R“{)
3224 (s, ,u3-C1). Anal. Caled for C,sHjRu,: C, 40.75: H, 4.38. Found: C, 40.76: H, e \ﬁ:{,
4.26. <

(17-CsHs)aRuy(115-H), (155-CCH3)(1-CNH,) (21g). A 50-mL Schlenk tube was charged with 2a (96.0 mg,
143 pmol), tetrahydrofuran (10 mL) and acrylonitrile (12.7 gL, 1.3 equiv). The reaction vessel was heated
at 60 °C with stirring for 24 h and the color of the solution changed from purplish black to reddish black.
After removal of the solvent under a reduced pressure, purification by column chromatography on alu-
mina with toluene and tetrahydrofuran gave 52.0 mg of 21g as a reddish black solid (yield = 50%). 'H
NMR (400 MHz, tetrahydrofuran-ds, rt, &/ppm): -14.52 (s, 2H, Ru-H), 3.74 (s, 3H, -CHj), 4.57 (s, 10H,
CsHs), 4.80 (s, SH, CsHs), 4.90 (s, 5H, CsHs), 5.61 (br s, 2H, -NH,). °C NMR (100 MHz, tetrahydrofu-
ran-dy, 1t, ppm): 52.3 (q, Jeu = 125.0 Hz, -CH3), 78.0 (d, Jou= 173.5 Hz, CsHs), 78.7 (d, Joy= 174.2 Hz,

CsHs), 86.1 (d, Jeu = 173.6 Hz, CsHs), 306.8 (s, 14-C), 310.9 (s, 15-C).

Reaction of 2a with cyclopentene. An NMR tube equipped with a Teflon seal-cock was charged with 2a
(20.3 mg, 30.3 mol) and benzene-d, (0.5 mL). After cyclopentene (13.4 4L, 5 equiv) was added, the tube
was heated at 80 °C for 238 h. After removal of the solvent under a reduced pressure, purification by col-

umn chromatography on alumina with pentane and toluene gave 24.5 mg of 19¢ as a black solid (yield =
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57%).

Reaction of 2a-d, with cyclopentene. An NMR tube equipped with a Teflon seal-cock was charged with
2a (7.2 mg, 10.7 pmol), toluene-dg (0.6 mL) and cycloheptane (1 4L) as an internal standard. The tube
was evacuated after the solution was frozen by liquid nitrogen. Then, 1 atm of D, was charged into the
tube at room temperature. The reaction was carried out at room temperature for 172 h. 'H NMR analysis
revealed that a 2.27:12.2:31.9:42.6:11.1 ratio of 2a-d,:2a-d;:2a-d:2a-ds:2a-ds was present in the reaction
mixture (75% deuteration). The tube was evacuated after the solution was frozen by liquid nitrogen. Then,

cyclopentene (4.7 ul) was added into the tube and heated at 80 °C for 272 h.

Reaction of 2a with 1-methyl-1-cyclopentene. An NMR tube equipped with a Teflon seal-cock was
charged with 2a (27.3 mg, 40.7 umol) and benzene-d; (0.5 mL). After 1-methyl-1-cyclopentene (21.4 4L,
5 equiv) was added, the tube was heated at 80 °C for ca. 200 h. NMR analysis exhibited that all of 2a was

remained.

(77-CsHs),Ruy(1=H),(155-H),(1-CoHg) (16g). A 50-mL Schlenk tube was charged with 2a (22.8 mg, 34.0
pmol), tetrahydrofuran (5 mL) and indene (19.8 4L, 5 equiv). The reaction vessel was heated at 80 °C
with stirring for 65 h, and the color of the solution changed from purplish black to brown. After removal
of the solvent under a reduced pressure, purification by column chromatography on alumina with pentane
and toluene gave 16g as a dark brown solid. The exact yield was not calculated because an undefined
complex contaminated. A single crystal of 16g was obtained from a toluene solution at =30 °C. 'H NMR
(400 MHz, benzene-d;, rt, d/ppm): —14.42 (br s, wy, = 333.2 Hz, 3H, Ru-H), -12.79 (br s, wy;, = 50.0 Hz,
1H, Ru-H), 3.30 (t, J= 7.2 Hz, 2H, -C*H), 3.46 (t, J= 8.0 Hz, 2H, -C*H), 4.06 (s, 10H, CsHs), 4.51 (s,
5H, CsHs), 4.58 (s, 5H, CsHs), 7.03 (t, J= 7.4 Hz, 1H, aryl), 7.14 (t, J= 8.0 Hz, 1H, aryl), 7.31 (d, J=7.2
Hz, 1H, aryl), 7.62 (d, J= 8.0 Hz, 1H, aryl). *C NMR (100 MHz, benzene-dj,

rt, §ppm): 35.3 (t, Jeu= 122.0 Hz, C%), 62.3 (2, C?), 70.4 (d, Joy= 174.7 Hz,
CsHs), 70.7 (d, Jop = 174.7 Hz, CsHs), 75.5 (d, Jou= 177.1 Hz, CsHs), 124.4,
125.7, 126.5, 131.3 (aryl), 138.8 (s, C*), 168.6 (s, C°), 187.6 (s, u-Ch.
HMQC (& &): 35.3 - 3.30,62.3 - 3.46, 75.5 - 4.51,70.4 - 4.51, 70.7 - 4.57,

124.4-7.31,125.7-7.03, 131.3 - 7.14, 138.8 - 7.62.
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(7"-CsHs)sRuy(u-H)y(ue- 172 17-CsH) (200).

Reaction of 2a with 1,3-cyclohexadiene. A 50-mL Schlenk tube was charged with 2a (59.1 mg, 88.1
umol), toluene (8 mL) and 1,3-cyclohexadiene (8.4 4L, 1 equiv). The reaction vessel was heated at 80 °C
with stirring for 127 h, and the color of the solution changed from purplish black to reddish black. After
removal 6f the solvent under a reduced pressure, toluene (8 mL) and 1,3-cyclohexadiene (16.8 2L, 2
equiv) was added. The reaction vessel was heated at 80 °C with stirring for 23 h. After removal of the
solvent under a reduced pressure, purification by column chromatography on alumina with pentane and
toluene gave 21.4 mg of 20f as a reddish brown solid (yield = 32%). A single crystal of 20f was obtained
from a toluene solution at —30 °C. "H NMR (400 MHz, benzene-ds, rt, §/ppm): —15.36 (s, 4H, Ru-H),
1.81 (m, 4H, -CH,-), 3.41 (m, 4H, -CH,-), 4.53 (s, 10H, CsHs), 4.58 (s, 10H, CsHs). >C NMR (100 MHz,
benzene-dg, rt, d/ppm): 25.8 (t, Joy= 124.9 Hz, -CH,-), 57.1 (t, Joy= 126.3 Hz, -CH;—), 76.9 (d, Jou=
174.6 Hz, CsHs), 77.3 (d, Jou = 176.0 Hz, CsHs), 181.4 (s, py-17:777-C). COSY (- &): 1.81 - 3.41.
HMQC (& - &y): 25.8 - 1.81,57.1 -3.41.

Reaction of 2a with 1,4-cyclohexadiene. An NMR tube was charged with 2a (9.7 r'ng,\ 14.5 gmol) and
benzene-ds (0.5 mL). After 1,4-cyclohexadiene (4.1 pL, 3 equiv) was added, the tube was heated at 80 °C

for 40 h. Formation of 20f was confirmed by "H NMR spectra (conversion = 100%, selectivity = 100%).

(7°-CsHs)sRuH (517 (//)-CsH) (22).

Reaction of 2a with 1,3-cyclooctadiene. A 50-mL Schienk tube was charged with 2a (18.4 mg, 27.4
umol), tetrahydrofuran (5 mL) and 1,3-cyclooctadiene (8.9 4L, 3 equiv). The reaction vessel was heated
at 80 °C with stirring for 109 h and the color of the solution changed from purplish black to reddish black.
After removal of the solvent under a reduced pressure, purification by column chromatography on alu-
mina with pentane and toluene gave 17.4 mg of 22 as a black solid (yield = 82%). A single crystal of 22
was obtained from a toluene solution at —30 °C. 'H NMR (400 MHz, benzene-ds, rt, d/ppm): —19.71 (br s,
wyip = 324.0 Hz, 1H, Ru-H), —14.80 (br s, wy;, = 137.5 Hz, 3H, Ru-H), 1.85 (m, 2H, -CH»-), 1.90 (m, 2H,
-CH,-), 2.05 (m, 2H, -CH,-), 2.50 (m, 2H, -CH,-), 2.53 (m, 2H, -CH,-), 2.91 (m, 2H, -CH,-), 4.37 (s, 5H,
CsHs), 4.67 (s, 10H, CsHs), 4.80 (s, 5H, CsHs). >C NMR (100 MHz, benzene-d;, 1t, S/ppm): 28.0 (t, Joy=
126.8 Hz, -CH;-), 32.1 (t, Jey= 125.5 Hz, -CH;-), 49.0 (t, Jog = 126.5 Hz, -CH)-), 71.3 (d, Joy=174.0 Hz,
CsHs), 78.6 (d, Je= 172.3 Hz, CsHs), 78.9 (d, Jeu= 175.3 Hz, CsHs), 168.7 (s, 15-17°(//)-C). HMQC (& -
S): 28.0 - (1.90, 2.53), 32.1 - (1.85, 2.05), 49.0 - (2.50, 2.91).
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Reaction of 2a with 1,5-cyclooctadiene. An NMR tube was charged with 2a (8.1 mg, 12.1 umol) and
benzene-ds (0.5 mL). After 1,5-cyclooctadiene (4.5 ¢, 3 equiv) was added, the tube was heated at 80 °C

for 66 h. Formation of 22 was confirmed by 'H NMR spectra (selectivity = 100%, conversion = 100%)).

Chapter 5

(17°-CsHs) RuHs(u-17': 772 77-H,SiPh) (23a). A 50-mL Schlenk tube was charged with 2a (9.5 mg, 14.2
pmol) and tetrahydrofuran (5 mL). After phenylsilane (8.7 4L, 5 equiv) was added, the mixture was
stirred at room temperature for 1 h. The color of the solution changed from purplish black to purple.
Complex 23a (9.4 mg) was obtained as a black solid on removal of the solvent and remained phenylsilane
under a reduced pressure (yield = 85%). 'H NMR (400 MHz, tetrahydrofuran-ds, rt, /ppm): —13.10 (brs,
TH, win= 214.92 Hz, Ru-H), 4.63 (s, SH, CsHs), 4.67 (s, 10H, CsHs), 5.07 (s, 5H, CsHs), 7.16 (t, J=7.2
Hz, 1H, p-Ph), 7.23 (t, J= 6.8 Hz, 2H, m-Ph), 7.47 (d, J= 6.8 Hz, 2H, 0-Ph). >*C NMR (100 MHz, tetra-
hydrofuran-dg, rt, &ppm): 72.2 (d, Jog= 175.5 Hz, CsHs), 75.1 (d, Jeg= 175.5 Hz, CsHs), 78.3 (d, Jeu=
175.5 Hz, CsHs), 127.3 (d, Jeu= 157.5 Hz, p-Ph), 128.3 (d, Jey= 157.5 Hz, m-Ph), 134.8 (d, Jou= 157.5
Hz, 0-Ph), 150.8 (s, ipso-Ph).

(7-CsHs) Ru(1-H),(115-H),(1Si(‘Bu),) (24a). An NMR tube was charged with 2a (13.2 mg, 19.7 zmol)
and benzene-d, (0.5 mL). After ‘Bu,SiH, (11.8 £L, 3 equiv) was added, the tube was heated at 80 °C for
69 h. After removal of the solvent under a reduced pressure, purification by column chromatography on
alumina with pentane and toluene gave 4.8 mg of 24a as a black solid (yield = 30%). A single crystal of
24a was obtained from a toluene solution at =30 °C. 'H NMR (400 MHz, toluene-ds, —80 °C, Jppm):
—15.16 (s, 2H, Ru-H), —13.63 (s, 2H, Ru-H), 1.45 (s, 18H, -C(CH,)3), 4.27 (s, 10H, CsHs), 4.41 (s, 10H,
CsHs). BC NMR (100 MHz, toluene-ds, rt, &/ppm): 22.8 (s, -C(CH)3), 33.8 (q, Jou = 124.5 Hz, -C(CH,),),
70.3 (d, Joy= 174.5 Hz, CsHs), 70.8 (d, Joy = 176.6 Hz, CsHs). Anal. Calcd for Cy3Hy,SiiRuy: C,41.47: H,
5.23. Found: C, 41.29: H, 5.53.

(7°-CsHs) Ruy(1-H),(1-H)2(1-Si(C,Hs),) (24b). A 50-mL Schlenk tube was charged with 2a (41.1 mg,
61.3 umol), tetrahydrofuran (10 mL}) and triethylsilane (29.2 4L, 3 equiv). The reaction vessel was heated
at 80 °C with stirring for 43 h, and the color of the solution changed from purplish black to reddish black.
After removal of the solvent under a reduced pressure, recrystallization from a toluene solution of 24b at
~30 °C gave 27.3 mg of 24b as a black crystal (yield = 59%). '"H NMR (400 MHz, benzene-d, rt): —14.30
(br s, wy = 31.0 Hz, 4H, Ru-H), 1.16 (%, J=‘8.0 Hz, 6H, -CHj), 1.59 (q, J= 8.0 Hz, 4H, -CH,-), 4.21 (brs,

297



EERDEB

win= 8.2 Hz, 10H, CsHs), 4.35 (br s, wy,= 8.6 Hz, 10H, CsHs). *C NMR (100 MHz, benzene-d;, rt):
12.2 (q, Jon= 125.2 Hz, -CH3), 23.4 (t, Jeu= 115.3 Hz, -CH,-), 69.9 (d, Jeu= 173.5 Hz, CsHs), 71.0 (d,
Jen= 176.9 Hz, CsHs). Anal. Calcd for CpH3,4SiiRug: C, 38.19: H, 4.54. Found: C, 38.22: H, 4.30.

Reaction of 2a with triethylsilane-d;. An NMR tube was charged with 2a (3.1 mg, 4.6 umol), cyclohep-
tane (1 xL) and benzene-d; (0.6 mL). After Et;SiD (5.1 2., 6.9 equiv) was added, the tube was sealed and

reacted for 10 minutes at room temperature.

(17-CsHs)sRuy(1-H), (155-H),(1-Si(CeHs),) (24¢). An NMR tube was charged with 2a (15.3 mg, 22.8
umol) and benzene-ds (0.5 mL). After PhySiH (17.8 mg, 3 equiv) was added, the tube was heated at 80 °C
for 47 h. After removal of the solvent under a reduced pressure, recrystallization from a toluene solution
of 24¢ at —30 °C gave 5.0 mg of 24c as a black crystal (yield = 26%). '"H NMR (400 MHz, benzene-d;, rt,
o/ppm): —13.81 (s, 4H, Ru-H), 4.16 (s, 10H, CsHs), 4.42 (s, 10H, CsHs), 7.32 (t, J = 7.2 Hz, p-Ph), 7.43
(dd, J= 8.0 Hz, m-Ph), 8.15 (d, J= 6.4 Hz, 4H, 0-Ph).

(77°-CsHs)sRuy(u-H), (155-H),(1Si("Bu),) (24d). An NMR tube equipped with a Teflon seal-cock was
charged with 2a (4.0 mg, 5.96 umol) and benzene-ds (0.6 mL). After "BusSiH (4.6 4L, 3 equiv) and
cycloheptane (0.1 4L) as an internal standard were added, the tube was heated at 80 °C for 91 h. The
formation ratio of 24d was 85%, which was confirmed by 'H NMR spectra. A single crystal of 24d was
obtained from a toluene solution at —30 °C. 'H NMR (400 MHz, benzene-ds, rt, &/ppm): —14.29 (s, 4H,
Ru-H), 1.05 (t, J= 8.4 Hz, -CH;), 1.55 ~ 1.65 (m, 6H, -CH,-), 4.24 (s, 10H, CsH5s), 4.36 (s, 10H, CsH5).

(77°-CsHs);Ruz(1-H)(Me)(PMe;)(1-PMey)(us-PMe) (25). A 50-mL Schlenk tube was charged with 2a
(32.8 mg, 48.9 umol), toluene (5 mL) and trimethylphosphine (2.0 M toluene solution, 73.3 pL, 3 equiv).
The reaction proceeded immediately, and the color of the solution changed from purplish black to
red-purple. After removal of the solvent under a reduced pressure, recrystallization from a toluene solu-
tion of crude complexes at —30 °C afforded red crystals of 25. 'H NMR (400 MHz, benzene-ds, rt,
Sppm): =21.20 (m, 1H, Ru-H), 0.01 (m, 3H, CH3), 1.13 (d, Jpuz= 8.0 Hz, 9H, PMes), 1.37 (d, Jpy=10.4
Hz, 3H, p-PMe, or 15-PMe), 1.61 (d, Jou= 8.8 Hz, 3H, 1-PMe, or ;5-PMe), 3.10 (d, Jpy= 10.0 Hz, 3H,
ﬂ-PMe; or 15-PMe), 4.50 (s, SH, CsHs), 4.66 (s, 5H, CsHs), 4.67 (s, 5H, CsHs). *'P NMR (162 MHz, ben-

© zene-dg, rt, Ippm): 3.7 (dd, Jpp = 32.1, 9.2 Hz, PMe3), 149.6 (m, p-PMe;), 459.9 (m, 14-PMe).
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(775-C5H5)4Ru4(;z-H)6(iPr3P) (26). An NMR tube was charged with 2a (10.4 mg, 15.5 gmol) and ben-
zene-dg (0.5 mL). After ‘PrsP (8.5 L, 3 equiv) was added, the reaction proceeded immediately and the
color of the solution changed from purplish black to purple. The formation of 26 was confirmed by 'H
'NMR spectra. A single crystal of 26 was obtained from a toluene solution at —30 °C, "H NMR (400 MHz,
benzene-d;, rt, Jppm): —17.74 (s, Jpg= 18.4 Hz, 2H, Ru-H), —-16.93 (s, 1H, Ru-H), —12.52 (s, 2H, Ru-H),
-1.25 (s, 1H, Ru-H), 0.88 (dd, J= 12.4,‘6.6 Hz, 18 Hz, -CH;), 0.98 (m, 1H, -CH), 4.29 (s, 5H, CsH5), 4.66
(s, 5H, CsHs), 4.81 (s, 10H, CsHs). *C NMR (100 MHz, benzene-ds, 1t): 16.6 (d, Jeu = 127.2 Hz, -CH),
20.8 (q, Jog = 126.5 Hz, -CHs), 69.9 (d, Joy = 176.6 Hz, CsHs), 74.1 (d, Jog = 174.8 Hz, CsHs), 77.6 (d,

Jen = 173.6 Hz, CsHs). *'P NMR (162 MHz, benzene-dj, rt, §/ppm): 60.7.

Chapter 6

(7°-CsHs)sRus(z-H)s(us-H) (1-CO) (27). A 50-mL Schlenk tube was charged with 4a (33.8 mg, 40.3
umol) and toluene (8 mL). The tube was evacuated after the solution was frozen by liquid nitrogen. Then,
1 atm of carbon monoxide was charged into the tube at room temperature. After 24 h, the color of the
S(;lution changed from dark green to reddish black. After removal of the solvent under a reduced pressure,
purification by column chromatography on alumina with pentane, toluene and tetrahydrofuran gave 23.8
mg of 27 as a black solid (yield = 69%). A single crystal of 27 was obtained by diffusion of pentane vapor
into a concentrated toluene solution at room temperature. 'H NMR (400 MHz, benzene-ds, tt, Sppm):
—16.62 (s, 2H, Ru-H), —16.36 (s, 1H, Ru-H), —12.10 (s, 1H, Ru-H), —10.84 (s, 2H, Ru-H), ~7.60 (s, 1H,
Ru-H), 4.48 (s, 10H, CsHs), 4.66 (s, 10H, CsHs), 4.69 (s, 5H, CsHs). >C NMR (100 MHz, benzene-dj, tt,
olppm): 71.8 (d, Jeu = 174.5 Hz, CsHs), 72.0 (d, Jeug = 175.5 Hz, CsHs), 79.7 (d, Jeg = 176.1 Hz, CsHs).
IR (Ge, ATR, em V) 1736 (1+CO). Anal. Caled for Cy6H3,0.Rus: C, 36.06: H, 3.73. Found: C, 35.99: H,
4.13.

(77-CsHs)sRus(u-H)s(us-H)4(-C=NBu) (28). An NMR tube was charged with 4a (2.2 mg, 2.6 zmol)
and benzene-d; (0.45 mL). After tert-butyl isocyanide (2.0 gL, 17.7 pmol) was added, the reaction was
carried out at room temperature for 3 h. The conversion of 4a was reached to 98% and the formation ratio
of 28 was 98%, which was confirmed by "H NMR spectra. 'H NMR (400 MHz, benzene-dg, rt, dppm):
~i7.10 (s, 1H, Ru-H), —16.34 (s, 2H, Ru-H), —12.13 (s, 1H, Ru-H), —11.29 (s, 2H, Ru-H), —7.36 (s, 1H,
Ru-H), 1.28 (s, 9H, 'BuNC), 4.49 (s, 10H, CsHs), 4.66 (s, 10H, CsHs), 4.68 (s, 5H, CsHs). *C NMR (100
MHz, benzene-ds, rt, &ppm): 31.0 (q, Jeg = 125.3 Hz, Me;CNC-Ru), 56.2 (s, Me;CNC-Ru), 71.1 (d, Jeu
= 174.2 Hz, CsHs), 72.0 (d, Jeu = 174.9 Hz, CsHs), 78.8 (d, Joy = 175.0 Hz, CsHs). IR (Ge, ATR, cm™):

299



EERDE

1747 (4-CN). ESI-MS: m/z =919.7 (M + H")

(775-C5H5)5Ru5H4(,u4—SPh) (29a). An NMR tube was charged with 4a (4.2 mg, 5.0 pmol), benzene-ds
(0.45 mL) and cycloheptane (0.1 pL) as an internal standard. After thiophenol (2.0 L, 19.6 pmol) was
added, the .reaction was carried out at room temperature for 24 h. The conversion of 4a was reached to
100% and the formation ratio of 29a was 16%, which was confirmed by 'H NMR spectra. "H NMR (400
MHz, tetrahydrofuran-ds, rt, &/ppm): —15.02 (s, 4H, Ru-H), 4.19 (s, SH, CsHs), 4.62 (s, 20H, CsHs),
7.31-7.29 (m, 5H, Ph).

(7°-CsHs)4(17°-CsMes)RusH,(144-SPh) (29b). A 50-mL Schlenk tube was charged with 4a (22.1 mg, 24.3
pumol) and toluene (8 mL). After thiophenol (5 4L, 48.8 rmol) was added, the mixture was stirred at room
temperature for 0.5 h. The color of the solution changed from dark green to reddish black. Complex 29b
(23.5 mg) was obtained as a black solid on removal of the solvent and remained thiophenol under a re-
duced pressure on heating (yi§ld =95%). "H NMR (400 MHz, tetrahydrofuran-ds, rt, &ppm): —15.71 (s,
2H, Ru-H), —15.44 (s, 2H, Ru-H), 1.65 (s, 15H, CsMes), 4.01 (s, SH, CsHs), 4.32 (s, 5H, CsHs), 4.56 (s,
10H, CsHs), 6.94-7.00 (m, 3H, Ph), 7.22 (m, J = 8.4 Hz, 2H, m-Ph). >C NMR (100 MHz, tetrahydrofu-
ran-dg, rt, S/ppm): 12.9 (q, Jeu = 124.9 Hz, CsMes), 69.3 (d, Jou = 174.5 Hz, CsHs), 71.8 (d, Jey = 174.4
Hz, CsHs), 71.9 (d, Jou = 174.5 Hz, CsHs), 85.7 (s, CsMes), 127.6 (d, Jo = 159.2 Hz, 0-Ph), 127.8 (d, Jou
= 159.3 Hz, p-Ph), 131.2 (d, Joy = 161.5 Hz, m-Ph), 148.7 (s, ipso-Ph). COSY (&;- &y): 7.00 - 7.22.
HMQC (& - &): 7.00 - 127.6, 7.22 - 131.2, 7.00 - 127.8.

(7°-CsHs)sRusHs(z-PPh) (30). To a stirred solution of 4a (35 mg, 42 umol) in tetrahydrofuran (10 mL)
was added phenylphosphine (15 gL, 130 wmol). After stirring for 7 h at room temperature, the solvent
was removed under a reduced pressure. The residue was washed with pentane (5 mL) and tetrahydrofuran
(1 mL), and dried under a reduced pressure to give 36 mg (91%) of 30 as a purplish black solid. 'H NMR
(400 MHz, tetrahydrofuran-ds, rt, dppm): ~12.16 (d, Jpu = 8.0 Hz, SH, Ru-H), 4.36 (d, Jpy = 0.8 Hz, SH,
CsHs), 4.71 (d, Jon ~ 0.4 Hz, 20H, CsHs), 6.89-7.03 (m, 5H, P#). *C NMR (100 MHz, tetrahydrofuran-ds,
tt, 5/ppm): 71.4 (CsHs), 74.6 (CsHs), 126.5 (Ph), 126.6 (Ph), 132.7(Ph). *'P NMR (162 MHz, tetrahydro-

furan-d, rt, &ppm): 330.1. Anal. Calcd for C;,H;3sPRus: C, 39.44: H, 3.74. Found: C, 38.87: H, 3.91.
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