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18 S87AFRRERER

FAFIZAPRTRROTIMEL TR Y RELHULILHE %
HTHETFHINDD, EBITr A FERFLFRIC sp® IEEHLEI
L O MEARBOREEEKT D, UL, 71 RERMRETEEN
3523p%3d° TH D ED d YuB%FF DI, KFELRAY LA, N

oo AR ERS & BIEA D, NEF AT TIAK T T
7oA v SiEZ OWERIENERETH S EDXBEERTIZLY tjﬁﬁ_F

B SIMIEI RIS, ST A FE D 3sp’ 2 IREELE KL T A C F
EERLTWAL IO JPBEOFEICLD . A RILEMITEK FAERT=F (silicate) D

ERILAEMETL ELLRIGHDL - EFOUELTTIENEL S
. RESMBCRERRELBEORBNHFEINSG, 20 - Blud o, mETIEE 2 DEIH LR -
7R YT UREREBU TN S,

FHENTARICEL > THRINDZRY V5 O Si 8T -» TERER Uc o BFICE » THERET T 51,
RYTEFV D ¢ EFREFEGS T EARICEERERT I EOMONTO S, £o, HRHICL D Si-Sifh
BDT VANIEYMAERIF U7 4 b L IR MDIEAR, BT €5 1y 7R ESLS0Er (5%
W & U T 2 WM BN O R AN/ SN TN 5%

Ph
Ph,SiCl, Na__, ( s!'%
Ph/n
(eg. 1-1)

BHOR) Vo v THHY T 2 2R ) V5 [-SiPh,-], i 192444 Kipping HIl&D Y700y T 22y
7V Ph,SICL, DEBF U 7 LAEFREAIE U TRV Wartz BIRISIC & - THRENT (eq. 1-1)° 4 0ETHL
SN TE MR ¥ 7 DAKEHEDS Kipping DFEILETLHDTH S, Ll ZORISEAE—RT
ThNB DI RKICOHEOE U BERY ¥ 5 v ORERMEL . Fharaafbil. R U5 amicH

Ph
~\ CpoTiMe, |
PhSiH, — 2 "%, H ?i SiH,Ph
“Fa H /01 (=20 (eq. 1-2)

(1) Keteelar, I. A. A. Kristallogr. 1935, 92, 153.
(2) BIFER, BHTHEHM One Point - 29 FrLLERS A R v —, BFFERRE ; UL, 1991
(3) Kipping, S. F. J. Chem. Soc. 1924, 125, 2291.
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ZHOVT 20 LIS L BB 4 RLAMOEEL

T H-~-SiHR
RH,SI—H _Si-H : i
i 1 _R — H H M]- - SiH.R i M]
[hI/|1=éi/ Q[l\‘n]&éi—ﬂ M tha - RHpSiSiHR
“siHaR |
SiH.R
RSiky T l RSiH3
RSiHg T
RoT ==t
M} S‘/R H-Si—Si-SiHR M]—SiHR <——H:— ! !
—-1] —ff————— - - 1
“siHR -H, H~[h’lﬂ H [M}- - SiHsR
Scheme 1-1 YU L /R EBHTI S /D Scheme 1-2 o-bond metathesis BHEIC L5250
fRKRES BoTUry

LTINE TR BEODDOARRENRBEINTEIPN, BAFEORY ¥ 5 0 ORI SAKE DR AR FHENF
e - TEMICHDEEN TS,

RYOEB EME L ZEER ) 7 L OMEN AT 1986%FIC Harrod 5124 - THDI (eq. 1-2)°
blidF7 /ey, Y3/ & 8K Cp,MR, (M = Ti, Zr, Cp; n°-CH,) ZMIEE U THNAZ EIZEDH 20
BRORY V7 v EAHK UL, 28], CORKREARY Y LV PRK LaM=SiRH 8B L TETTA D L%
ZBNTOH (Scheme 1-1). ZDHD Tilley HIC &5 2 BN  MERNEFEICL - T, 20OELE
#1 To-bond metathesis | IZL BBRRIGTH S ENPSMII N (Scheme 1-2)% Tilley S VLI &
< B CpCp'Zr{Si(SiMe;)}Me (Cp'; n°-CsMes) IC& 57 = =)V T » PhSiH; DBKEREAICL D H 44 BIK Mn
= 5300) DEHFR DR Y »F » [-SiPhH-], 2 A U72. @ g-bond metathesis BHEREZ D d BEF4HT A%
B ER SR ERDO RIS OO T —RNERIE THROD, KETNANENEREESEEK. BIc5 04 /1 K,
T7F A FRIOERSBHEBIHENTRIETH B,

Scheme 1-1 1R L2 Y VB RBERE EF A ZMICZEHA 2B TIH0THY . e RS TEERIE
WHHEELEZ 5NTH 5. RREBEESBEMIE [MCL(PEL),] (M = Pt, Ni) £ VYT © RMe,SiSiMe,H O

(4) (a) Miller, R. D.; Rabolt, I. B; Sooriyakumaran, R.; Fleming, W.; Fickes, G. H.; Farmer, B. L.: Kuzmany, H. ACS Symposium Series, 360
Inorganic and Organometallic Polymers, Chapter 4, 1988. (b) Gauthier, S.; Worsfold, D. I.; Macromolecules 1989, 22, 2213.

(5) (a) Aitken, C.; Harrod, I. F. J. Organomet. Chem. 1985, 279, C11. (b) Aitken, C. T.; Harrod, J. F.; Samucl, B. J. Am. Chem. Soc. 1986, 108,
4059. (c) Aitken, C.; Harrod, I. F; Gill, U. S. Can. J. Chem. 1987, 65, 1804. {(d) Aitken, C.; Barry, J.; Gauvin, J. F.; Harrod, 1. F.; Malek, A.;
Rousscau, D. Organometallics 1989, 8, 1732. (e) Harrod, I. F.; Ziegler, T.; Tschinke, V. Organometallics 1990, 9, 897.

(6) (a) Tilley, T. D. Acc. Chem. Res. 1993, 26, 22. (b) Woo, H.; Heyn, R. H.; Tilley, 1. D. J. Am. Chem. Soc. 1992, 114, 5698. (c) Woo, H;
Walzer, I. F; Tilley, T. D. J. Am. Chem. Soc. 1992, 114, 7047. (¢) Woo, H.; Tilley, T. D. J. Am. Chem. Soc. 1989, 111, 3757. (d) Woo, H.;
Tilley, T. D. J. Am. Chem. Soc. 1989, 111, 8043. (e) Forsyth, C. M; Nolan, S. P.; Marks, T. I. Organometalics 1987, 6, 1595. (f) Corey, 1.
Y.; Zhu, X.-H.; Bedard, T. C.; Lange, L. . Organometallics 1991, 10, 924.

(7) see, for example; (a) Waston, P. L. J. Am Chem. Soc. 1983, 105, 6491. (b) Fendrick, C. M.; Marks, T. J. J. Am. Chem. Soc. 1984, 106,
2214.
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1% FH

B CRABARIGE L > TP AR - T ARHEEDEKEIN D EEZ 60T % (Scheme 1-3)°. Kumada 51
Scheme 1-3 [ORUIRIGTY S A Y 2 — [-SiMe,-In (n = 1 ~ 6) 28Kk U, YU L ik BHEYYS
SO Si-HEEPBRIOENT A EICL - THELR DV IZVPRK A DS, B-TAED [12)-V 7 8T 5T E
ko TEETBEEZONTVAS, T, BRTEF LV ERVIBRERICLVRPFTY Y LV UEIARK LT
WA EDRERINIY, VL UBEREBUDLAIIMED 14 BITHE (C, Ge, S, Pb) iDL THEHENEN AN
KUK, VIV UEEIR, 25 oL MR, TIVAE Y UEERINE UTREBICHEIN TS, L, ¥
Uuy%%u\%%E%@K%Eé@tbtﬁﬁﬁ@%Tﬁb\EE%@%%ﬁ%éhé:&Mﬁ@ot%

SiMe, SiMe,
RMe,SiSiMe,H H H ' .
m] M — M — [M]=—SiMe,
SiMe;R \SiMezR - HSiMe;R
A B l RMe,SISIMe,H
Me RMe,Si—SiMe, RMe,Si— SiMe,
4<s|i —— —— “SiMe, — _
Me/n H—[M] H—[M]==S5iMe,

Scheme 1-3 REULIC kBT 1 FE -7 A RESDER#RE

1980 D HEFIT/H » Ty Zybill,!? Tilley,!® Ogino!* SILL -~ THEETREMINILETHH TV Y L v
$5A (Donor-Stabilized Silylene) AKX - B3N, TOFEESHSMIINI, 510, RETHIEERTRENL
INTORNTATDYY L V85K (Base-Free Silylene) bAKINAE LI X715, YU L VUUSHOEHRFHE
KROEBBRSBEHOI I LK > TRBICHBINT WS, INETRIAE KR TAE- 71K r4%-

(8) (@ Yamamoto, K.; Okinoshima, H.; Kumada, M. J. Organomet. Chem. 1970, 23, C7. (b) Okinoshima, H.; Yamamoto, K.; Kumada, M. J.
Am. Chem. Soc. 1972, 94, 9263.

(9) see, for example; Fischer, E. O. Adv. Organomer. Chem. 1976, 14, 1.

(10) Petz, W. Chem. Rev. 1986, 86, 1019.

(11) (a) Schmid, G.; Welz, E. Angew. Chem. Int. Ed. Engl. 1977, 16, 785. (b) Sakurai, H.; Kamiyama, Y.; Nakadaira, Y. Angew. Chem. Int. Ed.
Engl. 1978, 17, 674.

(12) (a) Zybill, C; Miiller, G. Angew. Chem. Int. Ed. Engl. 1987, 26, 669. (b} Zybill, C.; Wilkinson, D. L.; Miiller, G. Angew. Chem. Int. Ed.
Engl. 1988, 27, 583. (c) Zybill, C; Miiller, G. Organometallics 1988, 7, 1368. (d) Zybill, C.; Wilkinson, D. L.; Leis, C.; Miiller, G. Angew.
Chem. Int. Ed. Engl. 1989, 28, 203. (¢) Leis, C.; Zybill, C.; Lachmann, I.; Miiller, G. Polyhedron 1991, 10, 1163. (f) Leis, C.; Wilkinson, D. L.;
Handwerker, H.; Zybill, C.; Miiller, G. Organometallics 1992, 11, 514. (g) Probst, R; Leis, C.; Gamper, S.; Herdtweck, E.; Zybill, C.; Auner,
N. Angew. Chem. Int. Ed. Engl. 1991, 30, 1132. (h) Handwerker, H.; Leis, C.; Gamper, S.; Zybill, C. Inorg. Chim. Acta 1992, 200, 763. (i)
Handwerker, H.; Leis, C.; Probst, R.; Bissinger, P.; Grohmann, A.; Kiprof, P.; herdtweck, E.; Bliimel, I.; Auner, N.; Zybill, C. Organometallics
1993, 12, 2162.

(13) (a)Straus, D. A;; Tilley, T. D.; Rheingold, A. L.; Geib, S. I. J. Am. Chem. Soc. 1987, 109, 5872. (b) Straus, A. D.; Zhang, C.; Quimbita, G.
E.; Grumbine, S. D.; Heyn, R. H,; Tilley, T. D.; Rheingold, A. L.; Geib, S. I. J. Am. Chem. Soc. 1990, 112, 2673. (c) Straus, D. A.; Grumbine,
S. D.; Tilley, T. D. J. Am. Chem. Soc. 1990, 112, 7801. (d) Zhang, C.; Grumbine, S. D.; Tilley. T. D. Polyhedron 1991, 10, 1173.

(14) (a) Ueno, K.; Tobita, H.; Shimoi, M.; Ogino, H. J. Am. Chem. Soc. 1988, 110, 4092. (b) Tobita, H.; Ueno, K.; Shimoi, M.; Ogino, H. J.
Am. Chem. Soc. 1990, 112, 3415. (c) Takeuchi, T.; Tobita, H.; Ogino, H. Organomerallics 1991, 10, 835. (d) Koe, 1. R.; Tobita, H.; Ogino, H.
Organometallics 1992, 11, 2479. (e) Ueno, K.; Tobita, H.; Ogino, H. J. Organomet. Chem. 1992, 430, 93. (f) Tobita, H.; Wada, H.; Ueno, K;;
Ogino, H. Organometallics 1994, 13, 2545. Donor-stabilized p-silylyne; (f) Kawano, Y.; Tobita, H.; Ogino, H. Angew. Chem. Int. Ed. Engl.
1991, 30, 843.

(15) (a) Grumbine, S. D.; Tilley, T. D.; Rheingold, A. L. J. Am. Chem. Soc. 1993, 115, 358. (b) Grumbine, S. D.; Tilley, T. D.; Amold, F. P.;
Rheingold, A. L. J. Am. Chem. Soc. 1993, 115, 7884. (c) Grumbine, S. K.; Tilley, T. D.; Amold, F. P.; Rheingold, A. L. J. Am. Chem. Soc.
1994, 116, 5495. (d) Grumbine, S. K.; Tilley, T. D. J. Am. Chem. Soc. 1994, 116, 6951.
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THIVF =Y LRI L A H T 4 RLAHOE AL

BEMICAMAE S EH T AAIBTNEN Y L VKRS, Oo L VKT, 72 VIR LTRIK
WA, ZOMEDNT SISk, £, Rl TSRS BEREE AL TRV 0 2MO 7 AR bREICHE
ENTHYHY, YA ROEFOEZHIVED TAHSINIBD TS,

o )
HMPA  C /c & Ho PP, Si(Mes), &\ Bu
A z
si——co S pr- &
'E"é’o(;/SI ’:I: /w \\SIMez PhaP”  Si(Mes), /Zr\ \\SiMez
u
< A& y PMes
Donor-Stabilized Silylene Complex Silene Complex Disilene Complex Silanimine Complex
éybi", C. 1987) (Berry, D. H. 1990) (West, R. 1989) (Berry, D. H. 1991)
% ""|+ P
+ . o ‘Bu ‘B
N 1 B(CeFs)a 0 =C~/. h Nu ﬁ
Me Fez—/3Fe
N / ) \"Si'/ I N \
Ru=si s 1c | S S
MeP” [ Me I‘:l o N \/
MegP 3 tBu \S_(
ﬁ\/NMe
Base-Free Silylene Complex u-Silylyne Complex Disilene (West, R. 1984) Silylene Silylene
(Tilley, T. D. 1994) (Ogino, H. 1991) (West, R. 1994)  (Jutzi, P. 1986)

Reamis T A iﬁﬁt‘[?é’:’ﬁ? A& DH

RERHES, ZBRE CERALL - REHUIBAHRAMA JEAWRETH Y EFHERHAL LT
B AIR VR, NS VR, a-BRRE LD S B REOBENO N TV A, FARICELTE., FAF# -
FARBOZEEAOGFEIZHONTHELA, YV L UR,SIi=SIR, REECHBINTED N, £ LITR
UIeRIZEZ DR TER SR LREAEFH DI ENWHOMIINTV A, oy FAR - T AREEDFEHEZD R
Yo —ARRUEBAE0) ATRELEULTE D, EROLNY 2HOREDLT — ALY — CRFORHY
AR LTINS,

Tl EETHEBRY A REDEROIRE - KERAEERG bHAKINTO 50 (eq. 1-3). £ 5
FEBAREOMBICEO. XOBEIC. hOEBRICHEY A RGN ELSA A FHEOMEDLEEN TS,
BIGHMWAEAET 5 LT, ELHRTMERICORBICE L CEB LR LORUFO X8 L ORICHICHE 5%

(16) (a) Campion, B. K.; Heyn, R. H,; Tilley, T. D. J. Am. Chem. Soc. 1988, 110, 7558. (b) Campion, B. K.; Heyn, R. H; Tilley, T. D. J. Am.
Chem. Soc. 1990, 112, 4079. (c) Campion, B. K.; Heyn, R. H.; Tilley, T. D. J. Chem. Soc., Chem. Commun. 1992, 1201. (d) Campion, B. K.;
Heyn, R. H.; Tilley, T. D.; Rheingold, A.L. J. Am. Chem. Soc. 1993, 115, 5527. (e} Koloski, T. S.; Carroll, P. J.; Berry, D. H. J. Am. Chem.
Soc. 1990, 112, 6405. (f) Djurovich, P. L; Carroll, P. J.; Berry, D. H. Organometallics 1994, 13, 2551.

(17) Dinuclear Complexes; (a) Hencken, G.; Weiss, E, Chem. Ber. 1973, 106, 1747. (b) Zarate, E. A.; Tessier~Youngs, C. A.; Youngs, E. I. L.
Am. Chem. Soc. 1988, 110, 4068. (c) Anderson, A. B.; Shiller, P.; Zarate, E. A.; Tessier-Youngs, C. A.; Youngs, W. J. Organometallics 1989,
8, 2320. (d) Horng, K. M.; Wang, S. L.; Lin, C. S. Organometallics 1991, 10, 631. Mononuclear Complexes; (e) Pham, E. K.; West, R. J. Am.
Chem. Soc. 1989, 111, 7667. (f) Pham, E. K.; West, R. Organometallics 1990, 9, 1517. (g) Berry, D. H.; Chey, J. H.; Zipin, H. S.; Carroll, P.
I J. Am. Chem. Soc. 1990, 112, 452. (h) Berry, D. H.; Chey, I.; Zipin, H. S.; Carroll, P. 1. Polyhedron 1991, 10, 1189. (i) Hong, P;
Damrauer, N. H.; Carroll, P. I.; Berry, D. H. Organomerallics 1993, 12, 3698.

(18) (a) Procopio, L. I.; Carroll, P. I.; Berry, D. H. J. Am. Chem. Soc. 1991, 113, 1870. (b) Procopio, L. I.; Carroll, P. I.; Berry, D. I1.
Organometallics 1993, 12, 3088.

(19) (a) Jutzi, P.; Kanne, D.; Kriiger, C. Angew. Chem. Int. Ed. Engl 1986, 25, 164, (b) Jutzi, P. Chem. Ber. 1989, 122, 1629. (c) Denk, M.;
Lennon, R.; Hayashi, R.; West, R.; Belyakov, A. V.; Veme, H. P.; Haaland, A. ; Wagner, M.; Metzler, N. J. Am. Chem. Soc. 1994, 116, 2691.
(d) Denk, M.; Hayashi, R. K.; West, R. J. Chem. Soc., Chem. Commun. 1994, 33.

(20) see, for example Fink, M. I.; Michalczyk, M. I.; Haller, K, I.; West, R.; Michl, J. Organometallics 1984, 3, 793.
(21) see, for example; HRE, B3O8, FELEE 1985, 43, 406.
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BOHMREEI I LREELILETHY . FRBERFVILLERDNE, UL INETOET A FRER DML
2 AL ORI L b 0D . ZORISH. FHCERB L0 A R F O&H L L CIGHICE LT
DR - TR RGO, R UHER AT B A KIERDERI NG £ DI - 1L BUE, 7 A RECHLA
OEMOAEERERT A EE. TA RO BHELRNT A1 DOEREL TR TH L L8NS,

Measi/\/ + E—N —_— /\/E 4+  MegSi—N (eq. 1-3)

28 28R LETOREDEML -~ Bimetallic Activation DER ——-

ERSRERE RO THAEEEMT 2103 E R LI AERIEE R 5 I EMUETH 5. ThERE
12 EEEREBTLOEBICHEFED IEVEEENL D, Jones HIFEILARRIZZE W [CpRy(PMe;)] ZHL
TRYE VD C-H FEAZMMT 2 LRI LT AD. £ OB MEN Y€ V0N C=C HEILL > TRED
INE 02T U7 p— AR Rl UTEITT 5 2 MY o Shic (Scheme 1-4)%, N € 2D C-H #4H,
ZDREARBEIRANVF -2 REUIEA. TV VD C-H#EALD DU NICCOETFEINS, L L.
KEER YO C-HIEAET A VD C-H#EE LD bEAICEINSNE (. £t OBEH S 1, BALT)
DFNTNA /D C-HFERRINVEVOBED LI AHRREEELLIC 0, JARX L, XyEYDC-H
HAEOYME m-PEAETORFARIGEELZZL D ZEDTE, ZOLY PO E-BUHRIIL > TESI C-H#ES
PEIR SN b DEEZ SND, THOL C=C ZE#HAED pre-coordination {Z&-» T C-H #EEDNEHALINTL
bOERBTIENTES, IV VETORMICE > TEBEFICMYAZENI DY 722 VKXT 4 VAL FO
T 2 ZNVED C-HERDBRBIINL ZEPMONTOAD (AN MAZME) « ThbRKREL boE—
MR ELLBDEER S5,

Rh hv Rh @ th C-H Activation th'

AN B / > " e’ L
Me,F H Me,P Me,P @ Me,P ©

Scheme 1-4 XV O C-H #&EE OB

PLogihobBEoRLic. 4FHTHEI VIS LSO RELZERE EICRYAL ZEIZL 0 29FARIE

(22) (a) Jones, W. D.; Feher, F. I. J. Am. Chem. Soc. 1986, 108, 4814. (b) Jones, W. D.; Feher, F. I. J. Am. Chem. Soc. 1985, 107, 620. (c)
Jones, W. D.; Feher, E. I. Inorg. Chem. 1984, 23, 2376. (d) Jones, W. D.; Feher, F. I. J. Am. Chem. Soc. 1984, 106, 1650. (e) Jones, W. D;
Feher, F. I. Organometallics 1983, 2, 686. (f) Jones, W. D.; Feher, F. I. J. Am. Chem. Soc. 1982, 104, 4240.
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VT =0 MERIC L R A B EYOERA

BERMZ . WENEBICHED JENTEEE S, 5T, EEE2BPLOEFMYAA, S OKER LK
W R AR XA Z ENTENENEHEE OERANERTES b0 LEDONS,

BHSEATIE | BEDEMT 2 2B 0 (coordination site)] & [HEOREAX UM A28 .0 (activation
site) | OEE|ERLZEEDEIT I ENREEL S, - T EHEER LTEEE RS FRICD AL EITES
IV o E-WRIRERH ULCKIGERBIITE) ZEDTEL DD EER oMb, BT HI LITH - TERAL
XNLEETH L. BT8R T ORI SIS T4 2 EIC L) g AR L HER DR TEEOER LR
HIEDHEING, INW Bimetallic Activation TH Y. BHEEARDORIGE UTROEENLETHH LELS
ha.

coardination assistance

neighboring metal atom

HRSERITHE L RIS (Bimetallic Activation) %7189 1eHiZiE 2 DOIEWHE. T73D D coordination site &

activation site DRAFICAE EEETEAIENEETH S, TOLDIHEBELLZSELT. Lrd 2O02E Y

LR BUEOR U RO AEELFEESEH I EPNE LD (Scheme 1-5; A)o Scheme 1-5 XA L7 B

HHOIE C ORAZRE T 2 D ORMAARREIEE LRFICEET S EEATETH L. A ODRERELT S

eHitit. FTRGEHZ 2OOLBERLOHE. HL0VRTOFLIKEET S EHABETHY ., I 2O0LE
R R BB AR A TR L 7 AU S AT,

L e e

(C)

Scheme 1-5 BELZ 2 202E LOERMBHNEDCEE

FEALAFRIE LoM 238 S A HEE UT—RIICHV 5N A b OITIE (1) ANVRZVENFO ik (2) KX
74 VERALT-OREE 3) LA L 7 4 v OBRE @) TAAYEEHLORTAA Y LHEEA B M-X E40
BIL(5) 220 PV FREFOKESFELUTOREE 6) TAFNEEE P FRIECTEOT A v & LTOR
B EDET 6N B (Scheme 1-6) DN THRRAT 4 vy AL 7 4 VEEFGEBERICEOTHEZEICHNSNM D
BAFTHLN, SHEER LT 2 DOMEARBIEE RFICRAE IR RERRMFTHAZENEE L1,
PE->T TDD B2 DORMAREE FEIERT S J EAEREAIE S UTH (1), @), (5), 6) KIBEShb.
LU, (6) KL TH 2 DOZBICE 0 5T BRI I N TR AW, 2D & 578 7IVF ILEERIZ BN
ARETHBIDRPTREIELUNEC, REKAR BT AZEDH L, Ty ANVKRZ VRN,
2D g-BHOT IR T OOBETHELY M. ZORIGHEEIETIY 5. 4> T\ Bimetallic Activation ® BH

THANEUREOFEWALLILES L. (4) DHRERERLRY w-noF ) SR EPLEENERILRE L
8



18 F#R

AT BRALAIEWAOME T U Bimetallic Activation %7EKT 5120 D precursor & UTHEAEYTH 5,
ZhIH L. 5) Ok P FEERIEHENRCICEET S

& ﬁ\ifﬁgfﬁ h, ¥k Y FEAL B EHA T &b (1) L,MCO)
MohThh. S HIC. AL RREL RS 5Bk 5 R
. - - e L e i (2) L,M(PRg) LM ()
FTHDHEBZL OND, L,M
VF = AP 7 B Y R [CPRUCL], & LA, #I2 @ LHM__.“/ T L, 0
ﬁﬁéﬁf:?‘ﬁ&:?]lxjww‘fﬂ@'ﬂ'él&&CJ:’)'C\ ASINYIGS @ L
= AOMIZ A DOBEAER AT Z 2HNFZI LT P E e

K F$4k Cp'Ru(u-H),RuCp' (1) 118 5H 3 (eq. 1- Scheme 1-6 EHIAIPAIE LM DERK
42243 ZOHER XBRAFIEL L - THLSMIZINT
%9 (Figure 1-1) HEREBTOKKFETHOER (av. 1.46 A)
o IERPTO NMR BERER (T) MIELZEN S,
classical Tt F U FERTH LI LEAINL, UL L.
Morokuma 5iZL % ab Initio MO FHED S NV NEALF
BICEAHOHEAERAAF - LREOUBNRETHDLED
Bl 6T E 1 (AH = 3.2 Keal/mol)s €DK IEHRPTH A7
BTWKEBROFENEL SN D LD bH - 7225, Omori
HidEHAR 1 0420k FY FRUEFFEKRLUER op-
Ru(u-D),RuCp' (1-d,) EKZEDRIGING . BRTHE 1-d,
MRDEAROETARIILBINDEERBELTOD (0 Fgyre 1-1 2HAF=9AF FSE KU K
1-5)% T H/D BRI A ORLEBRBEZZL L1 Cp'Ru(u-H) ,RuCp' (1) DHFHE
LORYUTE, FFRAFEPHEEZRHLUTETLTL S50

LEZ NS,
H_H
N
-|—RuCl, YT > —969/::Ru
2 2) EtOH I
1

ThIE MY FEEDA4DDE R FRAAFD D B 2 D0VkFEE UTETHIEEET 52354, Thid cis (TR T
5o 8o T BOASFBEBRIICEMEOR UMNCE LA Z L ERD, Fio. 1 3 TOKENIBELI %D 2

(eq. 1-4)

(23) (2) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Moro-oka, Y. Organometallics 1988, 7, 2243. (b) Suzuki, H.; Omori, H.; Moro~oka,
Y. Organometallics 1988, 7, 2579. (c) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima, M.; Tanaka, M.; Moro-oka, Y. Organo-
metallics 1994, 13, 1129.

(24) Omori, H. Ph. D. Thesis, Tokyo Institute of Technology, 1991.

(25) Lee, D. H. Ph. D. Thesis, Tokyo Institute of Technology, 1988.

(26) Koga, N.; Morokuma, K. J. Mol Struct. 1993, 300, 181.



TRV T Y MR L B EHEY A BLSOIERAL

//\\ ( : /}Q\ I
—Ru ——~—> —Ru Ru
DY // \\ // j \} g/ }

-d 1 (eq- 1-5)
SOELBTLME2ODOEBE N FILL-> THUFTONTED . ZOBBRBICENTH2BBEZRDLD L
EZH6N5B, IO 2O0LRE LORARE IR, TNEELTS 2 20&ERE L Cp Fild» THRENTHY . RIEH
DEBFIIBEINASZEEND, TOLI2HTZT LT FFE Y 6K 1 1F Scheme 1-5 @ A ITR
U2 52 IEHEORMAL UTHOA JENTE., - TEEDEMIZBE LT 2 207 =7 LHk
BBRMIERT S I LI N 5,

2DODEBEDOMIZA DOREKELR -7 2ORY £ PV Ffkid Cp'Ru(u-H) ,RuCp' (1) HHHI Chatt HIC
Lo TERIN, Bau 51T & » THENH 50T I 1172 Rey(H) (u-H),(PELPh), BRI SH T B0, DK
WYHFRMTELUTERT 4 VENTEFE LTEY.. £12420KEOE R FFF- T a7, THEmik
EUTHOISRACRRIGE S A ORICEETET. 2HRICH TORIGAR TS ECRIFLE FIVEIRLE LD
B,

3F 2RBIFZULT IS ERY FEEROREHE

&mﬂéﬁ2&w?1§A?F§tFUF%@l&ﬁb747@&@ﬁﬁ%ﬂﬂﬂ@%b\%@KZO@%E*
DO UBRIICIERTS I EEZBoMIUT, K1 & 1am QLF L VORIETEH 2HO Y EZVEk
[Cp'Ru(u-0:1>~CH=CH,)],(CH,=CH,) (A) DF 515 (cq. 1-6). RIGHEFMITRATHIEICLD, ZF LD
IKFRALIC & - THK 1 006 2B OBMIARAFENERT 5 J EMREAIN . Tl KR T TORIEE NMR %
OTEHTAZ EICEY VEZVEEKIZE FY R -8/ EZ VPR B 2BH LU TE SN Z &MU sk

(Scheme 1-7).

H H
il oo [ ]
\/7*

A (eq. 1-6)

IORIGTHIF UV /D CspH)-HEEDTRINADN, I F U U —FOERIC a-FM L. S5l
DEFBPODPRMLIZF LD C-H HAZEMATAZ LICE - TERINL B D EEZ OB, ZF LD C=
H #4606 T 2 VF -1 120 Keal/mol TH D, BAFHIIIHEFITRELEATHS, L L. ¥k

\ /

(27) (a) Bau, R.; Carrol, W. E,; Teller, R. G.; Koetzle, T. F. J. Am. Chem. Soc. 1971, 99, 3872. (b)
10



1% F&k

— H
/H/ Q\ 2CH=CHy . ~ T CHActivation |
[Ru] }Ru] > [Ru{\/}Ru] » [Ru{\/}gu]
7 - CoH
\H\H C2 ¢ H'H H H Ylizf-'c"lz
1 .Elt
. [RUl  [Rul
CHp=CH, P
| 'y
Et CHy=CH, g )/CH2=CH2
i 2 S !
[RU] [Rlu] > [R.u} - {Ru] Cz”s
H/ - CoHg . 1

yifcnz

// CHp=CH, / V4 C-H Activation / .

[Rul—[Ru] | - [Ru] 'R’IU] <~ [Ru—1IR4
\\l\ ~CaHg \H/ Et —_— Et

[Ru] = (n°-CsMeg)Ru

Scheme 1-7 FRINB I E=ILEE A OERIEE

Ao E-MRHREROAZEICEY . IR RIGEET TERICTNT 5 L0V L 45,

o, MBUCL - TREE = VED C-H A4S SICEME N3, Omor bV EIVEK A & 1A FIbk
AT 4 v EDRIGICE DB ONSB MY AFNVERRT 4 VERMFELTRHDOVEZVEK C % MV VR TIERY
BIEIEY VT FY IRy VL K [CpRul,(u-CH=CH-CH=CH)(PMe ;) (D) #MEMT 5 Z L 2RERAL
TB (eq. 1-7). Hfk D HEZVEDOKSE C-H #A OB E BB L > TRONI DD EE
ZonTEy., ZITHHEBICHT 52002 PLOBRNEBIEHEBETS IENTE S,

MeSP MBQP

\\\:,

D%

(eq. 1-7)

Scheme 1-8 2KEELTOIF LU OFHL

INFTITFUTEL C-H #BAYMIckT 5 2 20T =7 LB.ODOEE O E2EAIC smmmLSKi
Ufc, #81Kk A BDERT AR, BAELEZFL YO C-HEAERHUONT = LAY LTE 0. 84 D
DHAE o-#4 U EZVED C-H H#APRMUDELRE PN L - TUMI N5, ORI, 2HEKREDRIG

11



THVT 20 LEBIEILL A ERT A RCAHOTERAL

FREENEL . ZRARATEERE TS I ENRREER SN b,

WAL Y REFEAEZIMTAIEBESMIINTOASE, 81 LMY T2 VKRXT 4 VEDRIG
TH P-C#ADIM SN, B8R AT 1 FEE [CpRu],u-PPhy)(u-H)(u-1>n>-CH,) (E) DMES5N 5 (eq. 1-
&) DRI motkmubtpmhmuf®P<}% DEHUIDIVT =7 ML > THWi SNz b D EZZ

oNTH . BEEERICE N7 2 ZWVERRT 4 VEAF DAV A T IALRG EEHEBR TH 5,
R
Y-~ “hu PPhg /N
N7, Hz "’”R\“Tﬁ"?““f
-
1 E (eq. 1-8)

ZOMICh. BRI BERA LT VY, TEFUUEN, DI UEY BRI VEXREIUDNOTIVA v
B, ARTIVIZ T LMeAYH I EERIGL.. BNERTRR ONAVEREAENAL5Z A E0PLMICA
N, B 1 OERIES Scheme 1-9 IKFE &1,

ml

PhC=CPh 3 CHCl
HH
/ H H "N \/\~
ﬁ/ CH=CH, LN RCOOH Ru Ru \
Ru Ru —Ru Ru / \ \
Ny \/ NN\7 o 0.0 o
! H'H \(
\ 1 R R
PPhgy H,S0,

Ph,
P . Ru - Ru

S/ \nu; H\’;; \\HH MeO H//\\H
H~ , \/ B el ' HH i

——Ru:
4¢\/ \ I & N
< :I RU\_/'RU H* Ru Ru J

Scheme 1-9 #& 1 ORIEH

(28) Omori, H.; Suzuki, H.; Take, Y.; Moro—oka, Y. Organometallics 1989, 8, 2270.
(29) BMBIE, BLIHN RRILEAFHBOETLEMAR (1991)
(30) BLE, BLARN HERILEXFBSETERRHE. (1990)
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4 AFROEH

CRETOWEIC LD 2T 2 AT b R REk 1 02 20 GE R0 BT L CHRGIERZR
5 o ] B a1l 80K 11 Bimetallic Activation %4373 BOTIRIK LT3 SEKTH 5 2 & BRI NI,
b A KR A R AR R T O RS RIS 5 2 E M NTR ). 2Bk ECORBOE
B A T~ OB LR REEEL 5B, $h, BBLELTO A ARAFORBE & I B 2
Lt A ERRORMERIS, FABE KoY UMUK, BKEEAR EORBERYNT 2 LTEETHY,
E R MR OERA BT L TOEREL D ETHB. UEDBADS SHVFI AT b5 L Y Rk
L& SiHBAEHETARA L YT VER, SH, EORISOVTRAXTRUTO 3 % B s LT A

7o

(1) REAERZEBEETLET AR KK TA%- KEEGOREARIC OV TORH, £, BHOE
B Ui & A AR O FBUI O WL TOKET.

@ EBREELTOSARRLT. B2 20RMICEE LI A RRIAOVLTORE) - RIGHEICONT
D¥Et

(3) Si-HEAOBMAI. FCZTONBREEZ 5N 5 2EF 3 Hl M-H-Si HAFHOREIL >V TOK
o

A E 8 BL V- THD.

EIZETRYAE - BRLSBHEMANCE TS INE TOMEEE L. ROTEANEDORBRE KT Bimetallic
Activation IO THRRAB E EHIZEPREO BRI EBFIC DO TN

FLETHHER 1 EVE POV T VH RSH, EORIGITOWTHE Ul Eho, AR U EZ -2V Ve
DWE - HiEL L URISHHZ OO THHE THRE L.

FEIETHE Z—pu—2 VIV RE RO K. §72D5 Bimetallic Activation DWEBRMTH 5 u- 7 ik
DN, TOWE ERIGHI DTl T,

FABETHER 1 LT/ Foy I VHERSH EORIGIKDNTHRE LT

EOETH 2O0LEOMICT A HZD o-#RI L > TRE LI ER -2 L VKD AR, BLUREBr 4%
FALFOUB I >WTRET Ui, o0 ZORIGHEIZ D0 TNz,

HEOETHE Fo v VIMLEGOBEE OBEN S, 2 D08 A ERIML TAATS ERu-2 U L itk EF
BRRAK BB EORISITOO TR Uk, $/c, BoNk 25-VVINTH Yoy T U ikofts LU
BT o0 TH Tt Uiz,

B TETEHRO BRARE U, B8 T EROFM AT LT

13
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2% 2ENTZULT RS ERY FkE TR F oy S JRORG

o 2BNTFZOAT FSERY FBEEREDSE FO DS VEORIE

18 #E

Si-H BEARBAARNLG SR PIIEZITRICHIHMT 2 28R 6N T 5, & Fad YIWMERIGH S
u&%%%@ﬁ%&mwt&ay@%mﬁéé%wwtmmﬁmugwfspH%@@@k%ﬁW@%ﬁ@&%f
@@\$41%Q@@mmﬁmugbﬁenatFuF?yuw%%u:new&m@%$@w&%z5nfm50
#->T. ZORGHICHET AHEMERISOBEEET S LTOEETHIL LA 00D, VENERSES
mht%THSPH%Q®Hm%%EhﬁvaVfﬁm\hb@ém@mﬁmmmﬁmﬁﬁﬁﬁ@éﬂfbéﬂ
—F RPN EDOD Ry PLERVICY T YDAy 7Y VIRIGEHEINTHS, TNS5DHR T o-bond
metathesis & O3 UA [Si-H #& OB /Si-Si #54 D&l H5 0 T4 FLOBEREDHET
(redistribution) | #H% EX AP RYTH S Elbh b,

HZSERLE 3 T~ RySIH EDQRIS T Si-H AR OBAAIINC LV BEEO E FY F- VY VEEMESHh
%o ULy 285 Y R,SH, EORIETRIE UT Si-H #8 OERN BRI L > T2 20 £EMIC
FARPEE UL 28O u-2) VU BERNMBONEERDH 5% Tt > RALRKLUIZEE O Y ) VP RO
SFH%%ﬁ@k%ﬁ%ﬂﬁ?%ﬁﬁ%*ﬁﬁ?%:&%ﬁbfbégHmmmnEH(MMMQD3&95VSM4
EDRIGICE D p- ) U VSR ERE U (eq. 2-1)" BRES A FE LI Si-H #APER 2 DB -2 ETH S
D 3DHOD Si-H AL U7 4,-SiH (uy-> U ) ) SROE B BI I TR, ZhETOED
A1y 7 VB RSIH, HA0E YTV SiH, ZAVIRTIRIZD Si-H #AOBAMAINC LS pu-2 ) ) V8
EOEBRHITEE INTOHRLD, JHRTANSERICLISDDEEL SNTNS,

H H
—~ BN
“Mn Mn
/"',,
H H LC

\_Mn\ >
¢ e hv 1-CO S
o € o o’ ¢ c o
o o o (eq. 2-1)

(1) See, for example: (a) Ojima, L. In The Chemistry of Organic Silicon Compounds; Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989;
Chapter 25, p- 1479. (b} Speir, J. L. Adv. Organomet. Chem. 1979, 17, 407.

(2) (8) Ojima, L; Inaba, S. L; Kogure, T.; Nagai, Y. J. Organomet. Chem. 1973, 55, C7. (b) Brown—Wensley, K. A. Organometallics 1987, 6,
1590. (c) Boudjouk, P.; Rajkumar, A. B.; Parker, W. L. J. Chem. Soc., Chemn. Commun. 1991, 245.

(3) (2) Tilley, T. D. Acc. Chem. Res. 1993, 26, 22. (b) Woo, H.; Heyn, R. H; Tilley, T. D. J. Am. Chem. Soc. 1992, 114, 5698. (c) Woo, H.;
Walzer, 1. F.; Tilley, T. D. J. Am. Chem. Soc. 1992, 114, 7047. (c) Woo, H.; Tilley, T. D. J. Am. Chem. Soc. 1989, 111, 3757. (d) Woo, H,;
Tilley, T. D. J. Am. Cher. Soc. 1989, 111, 8043. () Forsyth, C. M.; Nolan, S. P.; Marks, T. I. Organometalics 1987, 6, 1595. (f) Corey, J.
Y.; Zhu, X.~H.; Bedard, T. C.; Lange, L. D. Organometallics 1991, 10, 924.

(4) (@) Bennett, M. I.; Simpson, K. A.J. Am. Chem. Soc. 1971, 93, 7156. (b) Corriu, R. J. P.; Morcau, I. 1. E. J. Chem. Soc., Chem. Commun.
1980, 278. (c) Herrmann, W. A.; Voss, E.; Guggolz, E.; Ziegler, M. L. J. Organomet. Chem. 1985, 284, 47. (d) Aitken, C. T.; Harrod, I. E,;
Samuel, E. J. Am. Chem. Soc. 1986, 108, 4059. (e) Tobita, H.; Kawano, Y.; Shimoi, M.; Ogino, H. Chem. Lert. 1987, 2247. (f) Kawano, Y;
Tobita, H.; Ogino, H. Organometallics 1992, 11, 499. (f) Auburn, M,; Ciriano, M.; Howard, J. A. K.; Murray, M.; Pugh, N. J.; Spencer, J. L;
Stone, F. G. A.; Woodward, P. J. Chem. Soc., Daiton Trans. 1980, 659.
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ZHNT ST LR L B H BT A RUEHORERA

Sakaki 53 ab Initio MO % A T [PY(PH,),] KT 5 Si-H #& & C-H #58 OB IGZ LT
WBS, BT L D RENR PL-Si BAELEET S Si-H HBAOBRHFMOAPEI D PTLLTFRENS
. ZOEBREE LTS & Si-H OHAEREHE UT 1.6 Keal/mol 3 ELEAZINDDITH L. C-H #
AT 28.1 Keal/mol I EARRELEIN T D, o, BN ILBRIZE S Si-H $5 0 C-H#EAN LD d
HME~OETBE. B oNNIEE d BlD S o -EOBEFHMi 2T 5 &, MEOHICIREBEDNH D, C-
HiEEDEBA. Pt O d MEN S OFHLIAE CBOTODEH, Si-H T Pt-d LEQE FHEOE TRDL L
Pt-d WLEN S DG L VRO LA Si-H 05 Pt-d UE~DETOHREOXMMTH S, JHhIRRERET AROD
BLRRUEOE (C; 2.5, Si; 1.7) KIKLTH Y, C-H 4 DB [o(CH,-H) $5EN 5 D5/ Pi-d
BN S o (CHy-H) BUiNOiEE | & o MBS BN OB TETT 5 DI U, Si-H OR{Li
I TSi-H 5 Pt-Si/Pt-H ~OIFHEOHLH | LRETILHTES,

H

6 =8b)
o (Si-ﬁh
.546 ~H
w3

2.890
1.894>f6
101 71 )96 2.357
:;38’2/%{\”3
3
Si-H/C-H DOE{LBIGTIDERINEE

1

X
s

- X X
Lni — LM ! = LnM_
Y

Y ” Y

X-Y #E&0 LM NOBA{LH

2 VA v DAIVEZIVEER MeCpMn(CO), EFFEH V5~ (+)-R-NpPhMeSiH & DRIG T Si-H #41
Mn (U T cis (1L & 5107 4 ZLOMMMEFREFINS ZEPHSN TS (eq. 2-2)7% ZOHENS
Si-H #AOBILAMINEERE G, 74K KREOHTIPOLOHAERAEBRTETLTWA I ENERTE S,
Tl BELUT, F M REKKOH THAEOHEEERAE R 7o X PO U BRNREICAK - B
INDB T EDH Bfaﬂ\éo EBREEPLE SI-H HALOMICVDY A 2ETF 3 PLEENERINISDTH
A0, BN OBBREEEE LIcb D (Frozen Intermediate) ERAT I ENTE S, n°-Si-H

Mn—CO + Si,, e —Si
& H7\“Np <IN\ 7/ \"Np
of | \ of b
Cc Ph
(o] o] (eq. 2-2)

(5) Sakaki, S.; Ieki, M. J. Am. Chem. Soc. 1993, 115, 2373.
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28 QHNTITLT RS ERY Nk VE Foy s VRORIE

4 TARKRIEIE (n-H, complex)® 51 HE C-H BEDT TAF 1 7 SHILIF (n-C-H #64)T & b

It EELTE Y ZOHERLRIEHIZIOVT 1970 RS BAIKHAINTE o, £20 n’-H-H, n*-Si-H,

4 A

£ LU n?-C-H HAHOBULS D WIHE G AT ND T BB SRTOAND o5 ORRALKITIND BtE %%

2 5 LTEETHY . ABSBLEORE LT =D 1D THBT VA YD C-H#EADEL L OBED 5 bHH

M-X-Y 2 BT 3 HUREAIEDHEEMEBATH A A V7T 4 Y OVERE N n-FL U 7o S5k SRS

st AV T 4 ORALICEAT S Dewar—Chatt-Duncanson €7 /0& 2EF 3 b M-X-Y HAMFH 2B L b
O Figure 2-1 THhe AV T 4 VERTEA VT 4+ O x Sl S EBOED d PENEFHEG S, 1
LBEOEE dWENOA VT 4 O x" WEANBFOHMUEIEI D, TOHR, AV T 1 2D C=C “EHH 5
HoA. EAIEEED 10% BT C-C HEADERISED (o n?-X-Y BHRDOE & RIS oX-Y) BuELZED
dHEED o HOWEERE. 2BTLOER d HELE o' (X-Y) Ml ED 7 BIOMEERAIEZ N5, EBNS
0'(X-Y) PENOEFOFEFILD X-Y ADoK (S, TUT JOBELHRE (45 ERAMI
X-Y HEAOYWHRI D X-Y #HAOBINANAERDTH S LaMX)Y PAEKT 5.

Si-H A D n>-EAL B LT CpMn(COYL)HSIR ; £V D ML E T 5 —ED < v 7 VEKIC DN TEREITHR
HANTLS8, 1971 £ Graham 512 & - T CpMn(CO),HSIR, (R = Ph, Cl; Cp = n°-CH,) RO KA CpMn-
(CO), LE KD VT VORRIGI L) ARENA &0 BRAFEERO TRA B RACH T S8ANE RS hic,

(a) (b)
Figure 2-1 (a) n°-X-Y #i6& (b) n®-X=Y HEORSHBEEROLLE

(6) See, for example: (a) Kubas, G. I; Ryan, R. R.; Swanson, B. L; Vergamini, P. I.; Wasserman, I. I. J. Am. Chem. Soc. 1984, 106, 451. (b)
Kubas, G. I; Ryan, R. R.; Wrobleski, D. A. J. Am. Chem. Soc. 1986, 108, 1339. (c) Wasserman, H. I.; Kubas, G. I.; Ryan, R. R.J. Am. Chem.
Soc. 1986, 108, 2294. (d) Kubas, G. I.; Unkefer, C. I.; Swanson, B. L; Fukushima, E. J. Am. Chem. Soc. 1986, 108, 7000. (¢) Kubas, G. I;
Ryan, R. R,; Unkefer, C. J. J. Am. Chem. Soc. 1987, 109, 8113. (f) Kubas, G. I; Bums, C. I; Khalsa, G. R. K; Sluys, L. S. V; Kiss, G;
Hoff, C. D. Organometallics 1992, 11, 3390. (g) Crabtree, R. H.; Lavin, M.; Bonneviot, L. J. Am. Chem. Soc. 1986, 108, 4032. (h) Hamilton,
D. G; Crabtree, R. H. J. Am. Chem. Soc. 1988, 110, 4126. (i) Crabtree, R. H. Angew. Chem. Int. Ed. Engl 1993, 32, 789. (j) Upmacis, R. K.;
Gadd, G. E.; Poliakoff, M.; Simpson, M. B.; Turner, J. I.; Whyman, R.; Simpson, A. F. J. Chem. Soc., Chem. Commun. 1985, 27. (k) Kim, Y,;
Deng, H.; Meek, D. W.: Wojcicki, A. J. Am. Chem. Soc. 1990, 112, 2798. (1) Morris, R. H.; Sawyer, I. F.; Shiralian, M.; Zubkowski, J. D. J.
Am. Chem. Soc. 1985, 107, 5581. (m) Ricci, J. S.; Koetzle, T. F.; Bautista, M. T.; Hofstede, T. M.; Mortis, R. H.; Sawyer, I. F. J. Am. Chem.

Soc. 1989, 111, 8823.
(7) Brookhart, M.; Green, M. L. H. J. Organomet. Chem. 1983, 250, 395 and references cited therein.
(8) Scubert, U. Adv. Organomet. Chem. 1990, 30, 151.
(9) Hart-Davis, A. I.; Graham, W. A. G. J. Am. Chem. Soc. 1971, 94, 4388.
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ZHVT 2T LEKIC L AR 4 REOEEA

ZUT, —EDRIZDWTHNENLT~5 HELDOT—7H 50 EIGHR EOREL L Ih. Y1 LEOE
BEFREZEE PO LEORMFOEE L M=Si 5 0iE n2-Si-H #RIG A 3 B EXOOTELANS
Nizo 215 OFE R % Table 2-1, 2-2 127 L%, Schubert 5% MeCpMn(CO),(n>-HSiFPh,)
EOWT Rt F I SBERT A0, FAREE Y FRETHOKANEL RO TS, Mn-H DB
(1.569(4) A) E&BE— £ FY FEOHEME L THEEOMETH - 12h Si-H HOME#IL 1.802(5) A &M # &k
ROMFREALREON 148 AP LB LT 20 % BEMITNAI EERHOMNI Ui, Ty JOMHRT A%
EIKFRD van der Waals FEDF (ca. 3.00 A) KR BZNIEL 7 A R EAROHICREIEEAHEOHEER
BEAELTOA I EAREL TG, 0012151

2 BT 3TEADFAEAIIT A PU RS 5 O XEBERIMIC L D BB A RERRT A LR bHE
BHRAETHAIN P8 L IHOMOA v T v 7B gy b 2B 3SPUMBAEEROTE SN T 5 81
D1ED. AT A REMTIE Ugy O 200 Hz A TH 0. E72 Si, H BICH A EOMRAERE R0 H-
M-Si D E R K- VEERDOBE T U,y OEIF 20 Hz BITF E72 5 (Table 2-2, entry 10 ~ 13)%, 241
CH UL 2B 3RO EMAARED M-H-Si BOBEK T Jg_, H 20 ~ 140 Hz LD 2 DO BRKEEE &
B EIHEINTIA (Table 2-2, entry 1 ~ 9).

Lichtenberger 53 CpMn(CO)(L)HSIR 5 HMO—EDIEKIIDOTHETARY MVEME L. F M HLOBH#RE
HHOEFEEPOLOBTFHEEN2ET 3 POESOEREFHIBEELTOA I EAHo M LY, 1%L
WETKGMENFLET 556 (eg. CpMn(CO)HSICL) 7 A FKLOEREDA A M XNVF—RBEMLLTHA
OBAELHET 5 EREELIN. BB PINCED (A A ML RN F -3 A ZORNT B L YRE
fLEnThb, ZhidgE EPD@BEB&%’\%%@EM\’@C STWAHZ E, T7b B Si-H HANBLMIAmL
Mn(IV) £ 57 ZEZRLU TS, UK UL MeCpMn(CO),(n>-HSiPh,H) DAEF AN LTI T 2 =
WEDA A AL RIVF—FEA L TOAD PhSIH, DbDEENRTHE HEMLLTEST, Si-H #4141 2¢ F
F—=& LT Ma(l) KERALLTLEEEZ5RT Y,

LoM, X, Y THEINS 2ETF 3TEEHETOLI B A, B OLRESAKE LT TE5, Y1 LILES
KEMENEET HHE BRI INOET Ul A OFEPRE (LY FETFREHOBRELZET LV SV
Tld Si-H BOMEBIERVHER SNl B OFGNREAS, Fio, 885 DD CO BATFDOHH 1 D% PMe, KK
B®THILILY Si-H HOMEFMPHEEL &5, 2B EOETHEEORINICL > TRREOD ¢ iEh 5

(15) (a) Baxter, S. G.; Mislow, K.; Blount, J. F. Tetrahedron 1980, 36, 605. (b) Allemand, J.; Gerdil, R. Cryst. Struct. Comm. 1979, 8, 927.

(10) (a) Shubert, U.; Scholz, G.; Miiller, J.; Ackermann, K.; Worle, B.; Stansfield, R. E. D. J. Organomet. Chem. 1986, 306, 303. (b) Schubert,
U.; Ackermann, K.; Worle, B. J. Am, Chem. Soc. 1982, 104, 7378.

(11) Scubert, U.; Ackermann, K.; Kraft, G.; Worle, B. Z. Naturforsch. B: Anorg. Chem. Org. Chem. 1983, 38, 1488.

(12) Schubert, U.; Miiller, J.; Alt, H. G. Organometallics 1987, 6, 469.

(13) Graham, W. A. G. J. Organomet. Chem. 1986, 300, 81.

(14) (a) Hoyano, I. K.; Elder, M.; Graham, W. A. G. J. Am. Chem. Soc. 1969, 91, 4568. (b) Elder, M. Inorg. Chem. 1970, 9, 762.

{16) (a) Duckett, S. B.; Haddleton, D. M,; Jackson, S. A.; Perutz, R. N.; Poliakoff, M.; Upmacis, R. K. Organometallics 1988, 7, 1526. (b)
Schubert, U.; Schenkel, A. Chem. Ber. 1988, 121, 939.

(17) (a) Lichtenberger, D. L.; Rai-Chaudhuri, A. J. 4m. Chem. Soc. 1989, 111, 3583. (b) Lichtenberger, D. L.; Rai-Chaudhuri, A. Organo-
metallics 1990, 9, 1686. (c) Lichtenberger, D. L.; Rai-Chaudhuri, A. Inorg. Chem. 1990, 29, 975. (d) Lichtenberger, D. L.; Rai—~Chaudhuri, A.
J. Am. Chem. Soc. 1990, 112, 2492,
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Table 2-1 2BF3IROEREHTEEAE FU F— L U LEED M-H-Si MID#EAESE A)

28 2HAToULFIFIERY FEREDE FoY s VRORE

Entry Compound M-Si M-H Si~-H ref.
1 [Cp,Til,(u~H)(e~n>-HSiPhH) 2.78(2) 1.59(3) 1.56(3) 4d
2 [Cp,Ti(u—n>-HSiPhH)], 2851(2)  1.76(3) 1.58(3) 4d
3 MeCpMn(CO)(n-HSiCly) * 2254(1)  1.47(3) 1.79(4) 11
4 MeCpMn(CO)(PMe)(n>~HSiPh,H) 2327(1)  1.49(4) 1.78(4) 10a
5 MeCpMn(CO),(n?>-HSiPh,F) ® 2352(4)  1.569(4)  1.802(5) 10
6  CpMn(CO),(n*-HSiPh,H) ¢ 2395(1)  1.52(3) 1.77(3) 10a
7 CpMn(CO),(n*-HSiPhy) ¢ 2424(2)  1.554) 1.76(4) 13
8 Rey(CO)(u-n2n>-H,SiPhy) © 2.544(9) —mmmmm e 14
9 (n-CgMeg)Cr(CO),(n>-HSiPh,H) 2456(1)  1.61(4) 1.61(4) 12
10 W,(CO)g(p~n ~HSiEt,), © 2.703(4)  ——eee e 4a
11 [(dippe)Rh],(u-H)(e-n?-HSiPh,) 2487(2)  1.61(6) 1.66(6) 21
12 [PYPCy,)(u—n>-HSiMe,)}, & 242000 178 172 4f
13 Cp,Zr(H)(N'BuSiMe,H) © 2857(2)  mmmmmm e 29
14 Cp,Zr(CI){N'BuSiMe,H) 2931(1)  ————— 1.416(31) 29

a MeCp; n°-CiMet,, * Neutron diffraction studies, © Cp'; n°~CsMes, ¢ Cp; n*~C;Hs, © Hydride ligand was not located,

f dippe; 1,2-bis(diisopropylphosphino)ethane, & Cy; cyclo~CgH,;.

Table 2-2 2BF 3GuDELEBTAELERY F—~ L U VEED PSiNMR 7—%

Entry  Compound dg; (ppm)  Jg.y (Hz)  ref.
1 [Cp,Til,(u—n>-HSiPhH)(u-H) 87.2 58 4d
2 Cp,Zr(F)(N'BuSiMe,H) -42.0 1354 29
3 Cp,Zr(H)(N'BuSiMe,H) -73.4 113.2 29
4 (n®-CMe)Cr(CO),(n>-HSiPh,H) 21.2 70.8 12
5 MeCpMn(CO) ,(n-HSiPhNpH) >* 715 69 37b
6 MeCpMn(CO),(n*-HSiPh;) 18.5 64.7 10a
7 MeCpMn(CO),(n?-HSiPh,H) 13.5 63.5 10a
8 MeCpMn(CO),(n*-HSiCl,) 54.9 54.8 11
9 MeCpMn(CO)PMe ,)(n>-HSiPh,H) 26.0 38 10a
9 CpMn(CO),(n*-HSiPh,H) 9 18.2 65.9 10a

R —— e P
11°  CpRh(C,H,)(H)(SIEt,) 41.6 120 16a
12°¢  CpRh(H),(SiEt,), | 40.1 6.8 16a
13°¢  Cp,W(H){Si(SiMe;);} -77.6 3.5 16b

*Cp; n° -CsHs, ® MeCp; n¢-CsMeH,, © Np; 1-CyH,, 4Cp qS—C5MeS, ¢ Hydrido—silyl complexes having no direct Si—H interactions,

Measured from satellites peaks of 'H NMR spectrum.
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X X
LnM. | ~————> LnM<—
Y Y
A B

B 3 POEED 2 DR

o' (Si-H) ~DF M G2E L BRI OMEEIN S Z D0 THHESINTL AT,
hAHZLOBBRELZETRIUOLONSHERHDEDONEEZ S E LD, EETLOLOBFER - Z(LSE
ABIEICE ST A B OFSOHANEL -2 12 2EF 3 P LEEORENAXS NI, £/ Lichtenberger
ST ITRT 4 v 71 C-H#EA%HAT % (cyclohexenyl)manganese tricarbonyl #{ABIIDNT LB ANY
FVRIEZRTT > T30, ZORKR, n’-C-H #E0MEEAEI ofC-H) #ED 5D Mn—d JENDEFD
HETHY o' (C-H) ~OHEEDOFLSRNSNEREL TV, EBTODSOFREDOFENREA 42-Si-H
HAELHBUIEA. YA RERRICHARBEHTMO LY EALEEERLOIELTHE LV %,

s

< _-H
M
o¢ ¢ %o
(o}

{cyclohexenyl)manganese tricarbonyl complex

DI Si-H HAUBREB OO MKIGE RO ELLEE TH . BSOS
PRI A DICHEEICAE SRR LT0A, Q&5 ITHISRIRE 2 i 5 v ED RIS TILERRIL Si-H
HAOMMILD u- ) L/ SBHRAB OIS JEPBREINTLALY, 2HEROBEREDL I BRICHEDS
DTHAI, B 1ETHENHE 2 HBRORIEE LTI 22088 TOBEET 5 2 &7 CEEICH RIS
ATAEN) ZEPEING, EBPOKERMELPTOHEERET A0 7 VHIE. BEOBELE ) Tho 7otk
12 2 ¥R E DRISICE O T BILMA IS AN L THEHTH Y. 2ERICHIZE 1T 5 RIGD K Bimetallic
Activation 28T HOIEUEETH 5 LB LN 2,

CHETI2HBERE2HESLVE 1RO VT VEEORIEERFT LILBIZDR0D, 2B oYy L2020 A
) U MEERREDRIETHE 2DODEEHIN 200 Si-H HAPESRMICBLORINTE &KL r 1 HRN2
DOEBMIBE LI -2 ) VUV BRDB LTINS (eq. 2-3, 4) I AV VT L 2KEHREVE FDY SV
EORIGICEL T 2 EA 3 POEAER R U AR B A8 1H NMR THRZah. 2K LT Si-H #5608

(18) (a) Brookhart, M.; Lamanna, W.; Humphrey, M. B. J. Am. Chem. Soc. 1982, 104, 2117.

(19) Lichtenberger, D. L.; Kellogg, G. E. J. Am. Chem. Soc. 1986, 108, 2560.

(20) (a) Wang, W.-D.; Hommeltoft, S. I; 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 1991, 10, 2222. (d) Wang, W.-D.; Eisenberg, R. Organometallics 1992,
11, 908.

(21) Fryzuk, M. D.; Rosenberg, L.; Rettig, S. J. Organometallics 1991, 10, 2537.

(22) McDonald, R.; Cowie, M. Organometallics 1990, 9, 2468.
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mmﬁmﬁ&ﬁwmﬁﬁﬁé:&ﬁmﬁénk(&mmezn”o$%%1ﬂDtFUF@y7+w&“Py7+w
L HICHERE 2OV PV ELTBEINS ZEND B IHIOER AL 42 WVEER OO EE
25N TV5, Tro. WEIERSE (0 -3.84) KEEINIE Y FY7HV, ) —HOE Y Fidlk~ 7p

LORE AELTEEHNEOT EDD oy = 6.8 Ho) TN 2BF 3HUFEE LD LRBESNTOS,

H R R
PN R\/ s| é H
=] H i H-SI 1=
il s, ] RSiHg Cc. l/ \ I ~C" Rsit, OC\ /\\ /CO
o= mT XA T XTR
P P\___P P P
\/ P\/P \\//P R=EPh
(eq. 2-3)
P 4
%| b RaSiky OC|| TP
r—1P > N 7
/ \||r_P7 > sti/!-\\h-’__p
Oc/ c -Co H | C
o n©° R = Me, Et, Ph
(eq. 2-4)
P/\ P P/ P
%| b Hoclir TP ocllr TP | Ocllr TP
1P R,SiH, h|P— H -Co N 7
/ < 7 % R Np—p — RZSi——\—lr—? —_— st‘!*\lr.——P
oc/Ir—P A (':CO ' /’(’:‘ H |C0
o o Hgo H

Scheme 2-1 284 U Y ARIK Ir,(dppm) ,(CO), & 2825 Y DRIE

FRCTERSERE UTHO R 2BONTZ T L7 b T E R FESK Cp'Ru(u-H),RuCp' (1; Cp' = 1°-CMe)
VT2 ARIC4A20E N FREFVEEULEELF L THA2M4S, ZORBKRR2>OLT=y
LA ARE AR UTED . TOLDIIRICOBICERBNREET 5 2 L1 2RBEL RO 0 fE
8%, T, K 1 DOKENBTMCHEET S Z Sl L - T 2RO AEAENEKT L DEEL SNLD
(Scheme 2-2). ZOEE. 220E&BT0LO ) b—ARAY A MEUTHE ., MhMEHEAY 1 b EUTHIET S
CEPBIFING, RKESWHIR 1 LT U vin oV E VK (Cp'Ruly(n?~CH,=CH,)(u-n>~CH=CH,), D4 K
TERIGAFITRIT L. ZF L 2O Cspd)-H HADYMIE C=C “EHA D n-BAL & > THERIIATH
HIERHOMI LT (1EBR) B2,

PEDHMRIC RS, B2ETIHSEER 1 L 28V 7 VBEORIGERL T2 D0 BHOIC L 2 £ EOHRNE

(23) (a) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Moro—oka, Y. Organometallics 1988, 7, 2243. (b) Suzuki, H.; Omori, H.; Moro-oka,
Y. Organometallics 1988, 7, 2579. (c) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima, M.; Tanaka, M.; Moro-oka, Y. Organo—
metallics 1994, 13, 1129.

(24) Omori, H. Ph. D. Thesis, Tokyo Institute of Technology, 1991.

(25) Lee, D. H. Ph. D. Thesis, Tokyo Institute of Technology, 1988,
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ZHVT o LRI L A EREY A R OTER

S r) 5 o
=] v,/
I—Ru/ >Ru — -—Ru\ //Ru — —Ru\\//Ru
S W i HH

Scheme 2-2 2 & OEAIAREIAE [Cp'Ru(u-H),RuCp'] DEK
HEAL (BImetallic Activation) (20T MK Uiz, 35108 6N ER—u- ¥ NV RO WE S JORIGH AR
RAZEWCE D, TART 4 v FHAERZRD Si-H HADRISHIC DN TRE Ui,

28 ER-u-UIEHOEREFE

R
. H—Sl
\ R'R?SiH
- —-Rl{/\ ‘ﬁ 2 - A¢%RuuanunmRu ﬁ

- o o
1 2o 0 2 e

T8 TCITRHIL I 2BV T =2 A5 b T R FEMA Cp'Ru(u-H),RuCp' (1) D MVL VAR 2.5 SE2DV E
Nov 5y RIR®SSIH, 2MA . B2 BEXERE TLRIRIEE €7, FRIEC B LKEPRLE L. BRHED
REDSEOA L v IBAEE U, KIGHE 5 BEBETET U, BREERRIGOY T v 2R ZEICK Y E—4
B e LT ER-u-2 ) JVEE K [CpRu(u—n>-HSiR'R?)),(u-H)(H) (2a; R! = R% = Et, 2b; R! = R? = Ph, 2¢; R! =
R? = p-Tol, 2d; R! = Ph, R? = Me) ZEREMICHB (eq. 2-5)%%. ER—u-Y VIVEEIK 2 DR EL TR, 2D
DIVFZI AOBIZ2 DD A BZDNEFBL, 35220 Y FRETFEF 4K VT2V LOBT2EFIH
DHEADEEEINTOLEN BT OoND, /o, #HR 2 B2ET 3PLEAEBELTLAbDEEDAETTLD
DOk R RREFEETEO. BOOE FY FRAEFOI S 1 DEFHDO £ FY FELT2EF 3PS ZEK
LTOBLFZd AEREHMON T =7 ARRMELTHE D BYIE2 20N T7 =7 ARICEB LTS, 1H, BC,
29Gi NMR, IR, FD-MS A7 M bk KOTGRSHEICE DO T 2a~d 2REL. ELXBBERTICL - T
EZ2—u-v VIV ROERREE U,

FREH L -80°C THIE L/ THNMR 7— 7 % Table 2-3 1Tk Uiz, R THEL/EEA 2a O 'H NMR
ART MNVTR Cp BED Y 7 FN § 1.92 10, TFNVERBLEBLERE LT 6 1.3 ~ 0.9 IKEHlah, Fik.
ERNY FDY7HIVE § ~13.90 i 4H HDMRELE—7 L UTERE i, £ N FREFD Y7 FIVIRERTHE
FMmCBH SN, WERE: 80 'CETTIALBEEL 1:2: 1 D3AOHE—71Ila8l, £k,
DB Cp BOYTFIVE 1:1D2ARDE—J T8 LT, Figure 2-2 IZidHE 2 IRIBETHIE U7cgk 2a © 'H
NMR A7 MVERUIZD, Cp ED Y7 HiE -53 " CHHET. £ FY NERELTO Y7 FIVE -35 " C HETREA

]

(eq. 2-5)

(26) Suzuki, H.; Takao, T.; Tanaka, M. J. Chem. Soc., Chem. Commun. 1992, 476.
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2% 2HNTIOLTFIERY FEREVE Fov 5 VEORIE

(coalesce) LTB DD 50 & DERICETIA 2a

1B BB ER L TOADN Cp QYT FIVD

2B, O5HE LIEARR (-53 °C) TOREHEAL

T3 VE— AG' DEIEH 10 Kealmol TH 72, o

b E R —u- Y VIS 2a ERERIC fluxional

TH DI EABETZE 'HNMR HEEZROTY

Sz Utze ZOBIMBRICOWTIRRIIEEEL

QB ERTHEE LI THNMR AX7 bb

T2o0 Cp' V7 FVIEEMICBR s Z & 220K

oy ER—pu-v UIVEERIEHEROE R T

H-T2ODEBPLEDLY HFEMUBREL

BoThWhIENHONEL ST,
FARLICERLZBREEZTT S PhMeSiH,

EDRIETI Y EA—ums U JVEERIL 2 FE O

REWIK (synjant) DREH ELTHON, &

HITHRB LT, 22077 LE2DDYE  Figure 2-2  ER-u- UL 2a OEEFE 'H NMR ZX%

BB AR L > THIE N B ER—u- ) VR 2 kI (500 MHz / toluene—d)

D Ru,Si, 27 OEFEHTNH N - 1 UATE. 0WhWANY T T ARELTED A% LD 2 BEOBREITEET

BHEEMIBR INS, E-T. 74 ZLOBEHRE R! & RZ PELAEAE FITRTHIC 2 BERO ik Bk ikhd

U%, Sl Tsyn RERB 2O AR LOBREDDFNTRUERAMATT SO TH O, anti KEIX2 D7 A

RETELAEAMERTHO, 2FD R (Fhid R?) 2K Tit axial M%7 TS equatorial 1% & T

60ET 5, '

242K

el
>

218K

193K

=
s

S A s S ey
22 20 18 16 14 A2 43 A4 15 -6
(ppm)

R' R R' R?

Iy d 4

i i i i
R PN~ Re 7 AR
Rl{/\Ru Rt{/\nu

A; syn B; anti

R 1 & PhMeSiH, EDRIE TIEEZ—u=7 = =)V A F )b 1) UK [Cp'Ru(u-n>-HSiPhMe)],(u~H)(H) (2d-
synjantiy MHT 1: 1 OVEEBERORAME UTE Sl NFY ST ABEBRUEOEDS 2d-syn & 2d-anti
BT B L EDRETH Y. ThENOHES XBEHHEE B TRER L (Bil) o 2d-syn TR = ZJVEHR
FAD axial fi%, A FIVED equatorial (1% 53 Tz, KR (-80 °C) THEIE L7z 'TH NMR A7 fLTH
ERYFBRUFOY 7 FID, ZhENOBEN SFEIN B LI 2d-syn TRBEL 1:2: 1D 345D -7
EUT, 2d-anfi TREREDARDE—7 L LTHEIN:,

T/, 80 °C THE LT 2d-anti O 2RO A FIVEDLFEY T b (0 0.66, 0.32) & 2d-syn D equatorial

25



BT 2 MR L A E R A RLEHOTERAL

Table 2-3 E R—u-3 UL [Cp'Ru(u-n2-HSIR'R?)],u-H)(H) (2) ® 'H NMR =% (500 MHz)

R H NMR (27 "C) 1H NMR (=80 "C) AG' (Kcal/mol)
2a® R! = Bt Cp' 1.92 (30H) Cp' 2.03 (15H), 1.66 (1SH) 1)° 10.3
R? = Bt RuA  -13.90 (bx, 4H) Ruf  ~12.81 (1H), -13.54(ZH) 2)4 ———-¢
Et 1.3 ~ 0.9 (20H) -15.54 (1H)
Et 1.3 ~ 0.7 (100)
2b? R!=Ph Cp' 1.78 (30H) Cp' 1.94 (15H), 1.46 (1SH) 1) 102
R%= Ph RuH  -12.96 (br, 4H) Rud  ~11.54 (1H), -12.75 (2H) 2) —-*
Ph 7.5 ~ 6.9 (20H) -14.50 (1H)

Ph 7.5 ~ 6.9

2¢? R! = p-Tol | Cp' 1.85 (30H) Cp' 2.03 (1SH), 1.55 (15H) 1) 9.9
R*=p-Tol | Rul{  -12.89 (br, 4t RuH  -11.45 (1H), -12.74 (2H) 2) 15.6
MePh  2.17 (br, 6H) ~14.37 (1H)
MePh 6.7 ~ 7.5 (16H) MePh  2.20 (3H), 2.11 (3H)

MePh 68 - 7.7 (16H)

2d-syn® R! = Ph Cp 2.04 (30H) (THF) Cp' 2.00 (15H), 2.04 (15H) 1) 114
R? = Me RuH  -13.29 (br, 4H) RuA  -12.15 (1H), -12.89 (2H) 2) et
Me  0.66 (6H) -15.17 (1H)
Ph 6.9 ~ 7.3 (10H) Me  0.66 (6H)

Ph 7.0 ~ 7.3 (10H)

2d-anti® R! = Ph Cp' 1.89 (30H) Cp' 1.84 (br, 15H), 1.93 (b, 1SH) 1) ——-°
R? = Me RuH  -13.45 (br, 4H) RuH  -12.42 (1H), -13.07 (1H) 2) 156
Me  0.32 (br, 3H),0.67 (br, 3H) -13.45 (1H), -14.98 (1H)
Ph 7.1 ~ 7.7 (10H) Me  0.34 (3H), 0.66 (3H)

Ph 7.1 ~ 7.7 (10H)

? toluene—dg, ® THE-d 5 O 1) AG% value for Hydride Migration Path, d 2); AG’ value for Inversion Path, © AGl‘ value could not be
estimated, f Inversion was not be observed.

BT DA FAEQAFEYT b (6 0.66) LI L. 2d-anti D § 0.66 (B E—7 % equatorial fid A F
WEERE U, THNMR AR MVIZEWTEE 4 R LD axial fii & equatorial fL O BE#E L L~ E
equatorial LDERIED ¥ 7'+ VO S HMEHENT, axial MLO KA HRBIBHI N TN Cp' ROBRER
WEILLDLDEEL OGNS, XBBEERBTORERD WO IRIT, axial (LDBE#RAR Cp ROEEIMET S
B, equatorial PO BRI Cp ROWD 6 THIEFHIMET 5 (of Figure 2-9) o £ D7 HIT axial (LD EH T
equatorial SO HD LY Cp RORBEROZEL B ZIT ALY TORR, Bl Y 7 b e LicbD L
Bbhs.

E R ) VAR [CoRuCIU-CI], &5 5 ¥ &4 ) 79 LFE FTRIGS ST bART S (eq. 2-6)0 E1e.
Tilley 513 [Cp'Ru(u-OMe)], & CyMeSiH, (Cy = cyclohexyl) DRIED 5 [CpRu(u-n>-HSiCyMe)],(u~H)(H)
BRSNS EEBRELTVA (eq.2-7)?". ZORIGTIHEWKDOHFEIE L THBEINTHRNLD, LB
2 ODEE Y 7 ONF L IVEBASS - TOH axial Bi%ED S syn KTHA 5 EBbN B,

28i (1= 1/2) DRARFLEKIT 470 % THYH. REVHEAEFOEED NMR ¥ 7 HVIZEEERYT 74 b
E—-/hEgEING, LHLAEDS, ERB LU -80 "C THIELK 2a~d D TH NMR AN MUZE FIF

(27) Campion, B. K.; Heyn, R. H,; Tilley, T. D. Organometallics 1992, 11, 3918.
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2% 2HVTZOLT NI ERY FlikE Uk Foy o VHORIG

cl H—Si H
%8 o] Et,SiH, /Li <¢< nlu/H\Rlu b}
u — LLLELH) i —
| o A N/

2a (eq. 2-6)

\j

g b CyMeSiH,
“Ru /Ru
N

Me Me H—Si_
Me Cy (eq. 2-7)

4
P
%N
i/ ;

1

B 7 EBEEr AR TFEDHDAE MERILL B T4 =7 HEHINA DT, 2 ET 3HLHEILME
AERBELTOET AR EKROMICIEH 20 ~ 140 Hz DA E VEANFHETIONEBTHY . ZOBE. H7
54 PE—IPBEINZOORT A FEKROMICHEEAPFEHELLEOID TR L ERp- VIV KD
fluxional THH7HERDNESE, #K 2a~d O 2EHAF 3PS % NMR THERETH LR TELI -1
By XREIHHES S IFRA BN ARY MUV L - TZOHREEERTH 0 TE I,

X-Y o-#55DBRERBAD T X-Y MOBEGREDE FIZ0U0 5, THHIRFBIRARZ MIZHNT
v(X-Y) OREMOBELSETELUTHET A E0TES, HTIKREE (n2-H, complex) THEN LT
WIKEDHE 4160 cm ™! HTICEBI S NS H-H OMEERE) (Raman spectroscopy) 7% 2900 ~ 2300 ecm™ ~&1K
B 7 bLS ERTIRT 1y 77 C-H#RQMRERE b 22-Fd 5 J&iZdk Y 3000 cm™ 55405 2700 ~
250 emT ANEYT MFHIENHESNTHE, INS LRI Si-H#EA D n>-BHT 5 2 LI &b Miiiks
DBEATEERTFHRINLD. THETIKHRESNTO S SRR AEZ B OEERDE  NEFRMTEL
TANRZNEEZFGLTE D, £OANVEZNVOBOPFREICEL 5720 vM-H-Si) 3BRINTESF. &K
HRUZET 2 MRIIEEA EBON TV, THETIC v(M-H-S1) 2BEUIHIRUTIRT 2/ L
B Stone S 2D EZA-p- 1) VK [PYPR';)(u-n>~HSiR,)], (R = Ph, Mc; PR'; = PCy,, PPhy, PMe'Bu,,
P'Pr,Ph) IZ2UVT 1650 cm ™! AHSEDIEEZZ RV 8 LTV 34, & K RAEKFETAI LIk D, Z ORIH
1180 em™ ANEVT MFAIEDS 1650 em ™ DRILE v(Pt-H-Si) LB L. 7o, Berry 513 n2-Si-H #
BEERERT AV a=y AR OO THE LT 5%, Cp,Zi(X)(N'BuSiMe,H) (X = H, I, Br, CI, F) ®7 I
AT 4y 775 Si-H A OMHEREIE 1912 ~ 1998 em™ KHHN TH Y. THIERAL L T HN'BuSiMe,H
DIFFERE (v(Si-H) = 2107 em™) 1~ 100 ~ 200 em™ FEERE 7 M LT 5,

—RIZEKIGE Y FOMEERE v(Ru-H) 125D < RIUE 2100 em ™! fHEICE LN S, F/o. BBy A ELAHO
Si-H #& ORI 2000 com™! IS, LrbEORINE UTBEIN S, Jhici Uy ¢2-Si-H
R DMWHIREL. n>-C-H #ADEA LTI vSi-H) £ 0 bEREMICEILLE-2 EUTHDbIA ZERT

(28) Luo, X.~-L.; Crabtree, R. H. J. Am. Chem. Soc. 1989, 111, 2527.
(29) Procopio, L. 1.; Carroll, P. I; Berry, D. H. J. Am. Chem. Soc. 1994, 116, 177.
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Transmittance

Figure 2-3 #tk 2a @ IR XX% ML (KBr /em™)

TRV LRI L AR A B AYOEEL

CsMes »
[P FUTUE IO | Nt szs;cr;?!
4000 3000 1500 208acm-1 u-D-Si
cm-’ 1 1 1 1 ] 1
4000 3000 2000 1500 1000 (cm-Y)

Figure 2-4 8k 2b &L U 2b-d, @ IR ART pIL

LENSDEZRY MV (KBr/cm™)

Table 2-4 EZ-u- U LK [Cp'Ru(u-n2-HSIR)Lu-H)(H) () DE% IR 7—% (cm™)

Compound vRu-H-8i) v(Ru-H) others
[Cp'Ru(—n>-HSiEt,)) (- H)(H) (2a) 1720 2066
[Cp'Ru(u~n2~HSiPh,)],(u-H)(H) (2b) 1770 2084
[Cp'Ru{z—n2-HSi(p-Tol))} (- H)(H) (2¢) 1760 2092

syn—[Cp'Ru(u—n 2-HSiPhMe)] ,{(u~H)(H) (2d-syn) 1748 2064
anti-[Cp'Ru(u—-n>~HSiPhMe)] (u-H)(H) (2d—anti) 1739 2094
[Cp'Rul,(s—n2-HSiEt,)(s-n>-HSiPh,)(u-H)(H) (2¢) 1746 2061
[Cp'Rul,(4~n>~HSi'Bu,)(s—n>~HSiEH)(u-H)(H) (2 ;gg; 2062 w(Si-H) = 2022
[Cp'Rul,(4~n°~HSi'Bu,)(4-n>-HSiPhH)(u-H)(H) (2g) }213 2054  v(i-H) = 2036

MINB, Figure 2-3 18K 2a O IR AXJ V%, 1o Figure 2-4 IS 2b & 2b OE FY FRETEK
AL U Itk 2b-d, @ IR AR Mby BLUZNGDEARS MVER U, 8k 2a D IR ANT MUCEA
B R RO MEERT X 58RI 2066 cm™! KIS Nz, Fhoy 1720 em ™ IIIBEARNE LT 2 EF
3 Bl O BEEEE B X Nt B 2b @ IR X7 MUZELTH 2084 cm™ I v(Ru-H) 4% 1770 cm™
i2 v(Ru-H-Si) DB S hize THEDY 7 FIVEERFEALLIHHE 2b-d, O IR METBRS NIFNLE T b
CESWTRE Uko 81K 2b-d, ® IR AR7 FVTRING 22D E— 7 BHEL (Figure 2-4 (b)) Hi7cic
v(Ru-D), v(Ru-D-Si) (227 ¢ BT hZh 1428, 1250 em™ KHH L 72, Table 2-4 KA EEZBUTE
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Table 2-5 BT A FLIC Si-HBEEFTIEL u-2 U LUEIED v(Si-H) em™)

Compound v(Si-H)  ref. Compound v(Si-H)  ref.
[CpFe(CO)]z(,u~C0)(u—Si‘BuH) ‘ 2074 4e [Cp'Mn(CO),(H)],(u~SiH,) © 2040 4c
[CpFe(CO)](u~CO){u-SiH(CMe,),H} 2074 4e  trans-[Cp'Fe(CO),(u-CO)u-Si(p-Tol)H} 2040 4f
Rh,(CO),(4-SiPhH),(dppm), ® 2063 202 Rhy(CO),(H),(u~SiPhH)(dppm), 2031 20a
Ir,(CO),(H),(u-SiPhH)(dppm) , 2061 22 [CpFe(CO),l,(4-SiMeH) 2025 31
[Mn(CO)sL(u—SiH,) 2060 29 [CpFe(CO)],(u—CO)(u-SiMeH) 2015 31
Rh,(CO),(u~SiEtH) ,(dppm), , 2054  20a  Rhy(CO),(u-SiPhH)(u-CO)(dppm), 2002 20a
cis—[CpFe(CO)) (- CO){u-Si(p-TohH} 2052 4 [PHPEL,),],(u-SiPhH)(u-SiPhCl) 1980 30
Rh,(CO),(H),(4-SiEtH)(dppm) , 2050 20a  [PU(PEt,),(4-SiPhH)], 1955 30
[Re(CO)](4-SiHy) 2044 29

¢ Cp; n°-CsHs, ® dppmy; bis(diphenylphosphino)methane, € Cp'; n’-CsMe;

MUk 2 78 B R —pu- 2 VIVEEIR 2a~d, 851K 2¢ () 20 6L 2g (3ESH) O IR WTF—7 %R U1,
WINOEED v(Ru-H) & v(Ru-H-Si) 213> & D EWRT HIENTE, EZ—pu-2 JIVERK 2 D v(Ru-H-Si)
FERYT A RILADOD v(Si-H) IKHERTRE EEEMICRDNS ZEBPHONTE - /. ZhiT Si-H #4700 n2-
BT D L& T AR - KEHOHEMEANPTHE - e Z EERRICE LT 5,

BARBRDEZX—u~2 ) JVEEK [Cp'Ru],y(u-n>-HSi'Bu,)(u-n-HSiPhH)(u-H)(H) (2g; 3 EHR) OHAITIL.
G A LD Si-H iR OMERBZBETE . BEV U NVELD vSi-H) 1 v(Ru-H) ITHA~D E00ER
il (2036 cm™) IEWRINE UTH DN S, Table 2-5 (N FTREBEIN TV A RES 4 F EIC Si-H #
BEATHIERD v(Si-H) DEER LAY, LIhd 2974 ~ 1955 eom™ KBRS TE Y B A-u- 1 VKD
v(IM-H-Si) i -& D ERFITEA b b, 303132

Z DD EF T — % (1°C NMR, FD-MS) B L UTCHMN T — 7 bk 2 OMELTH LTV (ERES
) o 1oL 2TOEZAu-Y VIVERICEE U TEETHRZ Lz BCNMR A7 MU Cp D A FIViRE
ERKROV I FIVRENENIALMERS NG -7, THEBNBRICED NMR D5 A LR —)VAT2
D0 Cp' HIEMITBEINIHEREEL SN,

RETTHE XTI & B350k 2a, 2b, 2d-syn, 2d-anti OREERITICOLTEL (X3,

3E ER-u- UL ROEERT

EZ—p-v Y V3K 2a, 2b, 2d-syn, 2d-anfi (20T D XSS O MESESL LOBL¥NTF -7 %
Table 2-6 ICE LT, ZNENBIER 23 °C THOL B LT =709 5 30 ULOBEARF O G4 H

(30} (a) Aylett, B. I.; Colquhoun, H. M. J. Chem. Research (S) 1977, 148. (b) Aylett, B. J.; Colquhoun, H. M. J. CHem. Research (M) 1977,
1673.

(31) Zarate, E. A; Tessicr—Youngs, C. A.; Youngs, W. I. J. Am. Chem. Soc. 1988, 110, 4968.
(32) Malish, W.; Ries, W. Angew. Chem. Int. Ed. Engl. 1978, 17, 120.
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Table 2-6 i 2a, 2b, 2d-syn, 2d-anti D¥ERFHT— 5 LATERY

2a 2b 2d-syn 2d-anti
(a) Crystal Parameters
formula CyHg,Ru,Si, CuHgRu,Si, Cy4HgoRu,Si, Cy,HgoRu,Si,
crystal system monoclinic monoclinic monoclinic orthorhombic
space group P2/n C2e Pl/n P2,2:2,
a, A 10.533(5) 19.190(2) 17.170(5) 17.538(3)
b, A 36.137(5) 11.682(2) 22.787(4) 21.212(3)
o, A 16.534(5) 19.601(2) 19.050(7) 8.888(3)
a, deg
B, deg 92.11(3) 110.541(7) 114.96(2)
Y, deg
v, A? 6289(5) 4115(1) 6757(4) 3306(1)
Z 8 4 8 4
Do em® 1.362 1.359 1.410 1.4404
temp, C 23 23 23 23
u, em™! (Mo-Ka) 103 8.04 9.67 9.88
(b) Data Collection
diffractometer Rigaku AFC-5R Rigaku AFC-5R Rigaku AFC-5R Rigaku AFC-5R
radiation Mo-Ka Mo-Ka Mo-Ka Mo-Ka

(A =071069 A) (A =071069 A) (A =071069 A) (A =0.71069 A)

monochrometer graphite graphite graphite graphite
scan type w /20 w /20 w /20 w /20
20 ax _ 50.0° 4.9 50.0° S0.0°
scan speed, deg/min 16.0 8.0 16.0 16.0
refins collected 11930 2929 12812 3323
independent data 11284 2929 12234 3323
independent data obsd 8842 2895 6970 2984
(c) Refinement
R 0.0287 0.032 0.053 0.0336
Ry 0.026 0.041 0.040 0.0481
variables 609 228 685 343

WTRRHT Utco BHET 2 o0 T2 LF FOMER KD, 7— U ZEBIC L D KRUNDREF OMEERT
U. Full-Matrix S/NEEEICL OB LI, 85K 2a, 2b IO T T =0 LSS U7 4 DDKEREF DAL
BEET7—Y IBEOBBTRET 5 ENTE, KRUSNOLTOREFIEIFESMRFAL, V7 27 IR
Ufe b R Y FICBBU TREFINICER Ulc, BUF. &2 OEEROBEEII DN TRNS,

[Cp'Ru(u-n2-HSiEt,)],(u-H)(H) 2a) O,  ER-u-VZF)IL ¥ YLK 2a O XEHERITICR D F )L
1~%»¢&D%ﬁéﬁtf&v9é@fuXA&%%hto%%2a®$ﬁ%%ﬂﬁﬁ2@ﬁ@ﬁﬁﬁﬁ%ﬁ4o
TORENTOR, TNThOMIES Figure 2-5 17T, $72. Table 2-7 I EFMEHEHEEHD I BDEEAL
bDEZ EDT,

2a-1 & 2a-2 WX FIVEOMEE Cp BOME (2a-1; gauche, 2a-2; eclipse) MRS LSMHLIZIER UE %
LTHY, BAEMBLOHEAIBEUTHAREDELZR U, 220NV T =29 LE 2005 4 REFTHKS
NA#EEOPLIITER LU TAS LK 2a 135 7 FA BIDHEER LT A I EDDD 5, SRARPITIE 3 FEEEDE
450k FY RERMEFPFEELTED . 4209 B 203NV F2 b - F A REICEE LT 2 BT 3064
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(2a-1) (2a-2)
Figure 2-5 £ X-u-Y I FI UL [Cp'Ru(u-n2-HSIEtL)],u-H)H) (2a) D3FH#EE

Table 2-7 ER-u-YTFIL UK 2a OFLEFEES A) L&A (Deg)

{a) Bond Lengths (&)

Rul ~Ru2  2.971(1) Ru3 - Rud  2.9849(8)

Rul - §i1  2.544(2) Ru2-Sil  2338(1) Ru3 - §i3  2329(1) Ru4-Si3  2560(2)
Rul - $i2  2.551(2) Ru2-Si2  2335(1) Ru3 - Si4  2325(1) Rud-Sid  2569(2)
Rul - H1  171(5) Ru2-Hl  169%(5) Ru} —HS  163(6) Ru4-HS . 1.86(6)
Rel —H2  163(4) Ru2-H4  145(4) Ru3 -H8  147(S) Rud-H6  157(4)
Rul - H3  1.72(4) Rud - H7  165(4)
Sit - H2 1.75(4)  Si2 - H3 1.68(4) Si3 - H6 1.65(4)  Sid - HT 1.62(4)
Sil - €21 1.898(5) Si2-C25  1.899(5) Si3 - €SI 1.894(5) Si4-CS5  1.907(5)
Sil - C23  1.899(4)  Si2-C27  1897(5) Si3 - CS3 1.899(5)  Si4 - CS57  1.890(5)
Rul -~ C1  2216(4) Ru2-Cll  2.190(4) Rul - €31 2220(4) Rud - C41  21754)
Rul - 2 2218(4) Ru2-Cl2  2281(4) Ru - €32 2250(4) Rud -C42  22034)
Rul - C3  2220(4) Ru2-CI3  2323(4) Ru3 - (33 2258(4) Rud - (43 22314)
Rul - C4  2.188(4) Ru2-Cl4  2.287(4) Ru3 - (34 . 2271(4) Rud - C44  2214(5)
Rul - C5  2216(4) Ru2-CI5  2.194(4) Rud - €35  2261(4) Rud-C45  2.161(5)

(b) Bond Angles (Deg)

Sil ~ Rul - Si2 80.09(5) Si3 - Ru3 - Sid 89.41(4)
Si1 - Ru2 - Si2 89.09(4) Si3 - Ru4 - Si4 79.34(5)
Rul - Sil - Ru2 74.84(4) Ru3 - Si3 - Rud 75.10(4)
€21 - Sil - €23 103.1(2) CS1 - $i3 - CS3 103.5(2)
Ru2 - Si2 - Ru2 74.76(4) Ru3 - $i4 - Rud 74.98(4)
C25 - Si2 - €27 103.0(2) CS5 - Sid - CS7 103.6(2)

BUTWE, 128072 ARICERB L, BOE2ET 3PEAREEL TORLT =7 A (Ru2, Ru3)
ERWOE F) FEUTRALL TS, JO3EED L K FOFEEIER THE L. THNMR AR MUIHD
NIGEEW] 1:2:1 D3ADE RY KD Y7 FIVE—HT S (Figure 2-2)c

T TR DI 2 DD AT 2 AD S B (Rul, Rud) WD A B KEEOMT 2 BT 3 PLBAEE
KUTOBETHB, 2HFOr A ENSERT2EF 3 Pils M-H-Si #AZEHELTO S ER -2 VIV IC

POT, TOBEPHOMNIINIFE INETIEBREINTOEN, ZOWTHOPUHRL R -1 TH S,
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TRV 20 MAMKIL L A H R A RO HAL

EZ - Y IVEEK 2 ORI FLARFTC T Ru-Ru EICEHZFOMERADTOHTH S,

Ph (o] (o]
H——giez ¢ Et, C
p // \ (} oc JVH_S\vIv’co
CysP—Pt Pt—PCy, C
| Q/‘ \\sl// fﬂ oc” | Ngi=i | “co
Si—H C B, C
Me, (Stone, F. G. A., 1980) Ph (Harrod, J. F., 1986) (o) O (Graham, W. A. G., 1970)

BENRAoMIINIE R-u-¥ U L& OF

2a-1 QL7 =7 LHBEEE 2.971(1) A TH Y. 2a-2 Tk 2.98498) A Tho-1c, IhoiEWThblEsh
T3 Ru-Ru BEADEHBEOEMANTH 25, K 2 BRMUTH LI EDoNT =7 AICHEE AP LE &
Y. 72 Ru-Ru BEAREZ A LIL 0B 2 DNV =) MIENERIE 185,

CHETIEHREINTV S Ru-Si HEEADHEREIT 2.288(11) ~ 2.507(8) A TH 03, #4& 2a ® Ru-Si o-
AT OREBHMNICIE > T3 (av. 233 3) . BBEB LV M ZOMOEAERIYY 1 REOZD 4 W LEH
SBOLE d YuE EOMALER (d,~d, Interaction) DIcHIT, HEHA L RO S TRINIHELERLL b
HBATENRESN TS, Fhe, TARLOBHRED o'Si-R) MELLED d RUELHAEER B EZ
SNLIHBEBREDERIIL >TE M-SifEEOEMIEIRESCEEEZIU LI ENTHINGS, ZOIDHE
INTHB M-Si HEAOERIZHE 02 AN LD 5D EPE UTHY . B M-Si MO Ty A RO/
R AERETHEEFHELD, LU, 2a D 2EF 3POHEAD Ru-Si FABEEE 256 A (av.) THY. Ih

KHRESNTH S Ru-Si BRSO EDHELD bRV, £/o0 HUSTHAD Ru-Si o-FEAEL~NEE 024
BEE{E->TED. JOMBOEET 1 RONT =0 LTHT 25O (n2-Si-H B 2Z L THA b0 EE
Zbh3. |

#K 2a D £2-Si-H A OHE#T 1.62(4) ~ 1.75@4) A THY . 71 REKROLFHE S LEOT 1.48 AP &2
Hx10 ~20 % BMUTOSE ZED b » 7, —ICER FICiH U7okFEONMEE ERICIRE T 211374
BT ERIR TIT O L ED S 0 XBHERTE AR HIEEEEA N e L L. Y1 EEKZOBORERROR
T IR AN MU & » THER 7&6 EPTE (Fid) . JOXBHBERITOMEN S 2EF 3P0EAED Si-H

(33) (@) Churchill, M. R.; Hollander, F. J.; Huchinson, J. R. Inorg. Chem. 1977. 16, 2655. ({b) Nucciarone, D.; Taylor, N. I.; Craty, A. J.;
Tiripicchio, A.; Camellini, M. T.; Sappa, E. Organometallics 1988, 7, 118. (c) Parkins, A. W.; Fischer, E. O.; Huttner, G.; Regler,D. Angew.
Chem. Int. Ed. Engl. 1970, 9, 633. (d) Bruce, M. L; Cairns, M. A.; Cox, A.; Green, M.; Smith, M.; Woodward, P. J. Chem. Soc., Chem.
Commun. 1970, 735. () Howard, I.; Knox, S. A. R; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1970, 1477. (f) Howard,
J.; Woodward. P. J. Chem. Soc. (4) 1971, 3648.

(34) (a) Straus, D. A; Tilley, T. D.; Rheingold, A. L.; Geib, S. 1. J. Am. Chem. Soc. 1987, 109, 5872. (b) Straus, D. A.; Zhang, C.; Quimbita,
G. E.; Grumbine, S. D.; Heyn, R. H;; Tilley, T. D.; Rheingold, A. L.; Geib, S. J. J. Am. Chem. Soc. 1990, 112, 2673. (c) Campion, B. K.;
Heyn, R. H; Tilley, T. D.J. Chem. Soc., Chem. Commun. 1992, 1201. (d) Campion, B. K.; Heyn, R. H.; Tilley, T. D.; Rheingold, A. L. J. Am.
Chem. Soc. 1993, 115, 5527. (¢) Crozat, M. M.; Watkins, S. F. J. Chem. Soc.,, Dalton Trans. 1972, 2512. (f) Einstein, F. W. B.; Jones, T.
Inorg. Chem. 1982, 21, 987. (g) Klein, H.~P.; Thewalt, U.; Herrmann, G.; Siiss-Fink, G.; Moinet, C. J. Organomet. Chem. 1985, 286, 225. (h)
Brookes, A.; Howard, J.; Knox, S. A. R,; Riera, V.; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1973, 727. (i) Edwards, I.
D.; Goddard, R.; Knox, S. A. R.; McKinney, R. I.; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1975, 828. (j) Howard, J.;
Woodward, P. J. Chem. Soc., Dalton Trans. 1975, 59. (1) Harris, P. I.; Howard, J. A. K.; Knox, S. A. R.; McKinney, R. I.; Phillips, R. P;
Stone, F. G. A.; Woodward, P. J. Chem. Soc., Dalton Trans. 1978, 403. (k) Djurovich, P. L; Carroll, P. I.; Berry, D. H. Organometallics 1994,
13, 2551.

(35) (a) Berry, A. D.; Corey, E. R.; Hagen, A. P.; MacDiarmid, A. G.; Saalfeld, F. E.; Wayland, B. B. J. Am. Chem. Soc. 1970, 92, 1940. (b)
Tilley, T. D. In The Chemistry of Organic Silicon Compounds; Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989; Chapter 24, p. 1415.

(36) Colvin, E. In Silicon in Organic Synthesis, Butterworth: London, 1981.
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2F 2BNToOLTESEFY FEESE Fuy s VHEORE

MOERESERECITTRT J LT EBbIS,
370, KEONTFIULEFE Cp KORRELOTHEMANNTAZE, 2ET 3P OBEAAERL TS

JVF =17 L (Rul, Rud) & Cp' BRIGRE DHBHL 1.85 A (av.) THHDIH Uy % DIV F =7 A (Ru2, Ru3)
T 1.91 A (av.) EXOHBHIHEBNRILERH L ZEMDM 5. IV TFZ ) A LOBRMBILEOE I
WEbDEZA N AN T AREAHONT 20 L TROT A L EUT, KIS HD 20 K
F—EUTRAELTOE LD ERLES, #> T K2 DT 2y AOBRMBIEI I I BOENEL 4 ETOD
HISEODBDN S, TOFER Cp BENOHFESOREJIENE TN, £ D d BEFEBEOLERLITL DG
BHSICED Op BEBRCHATILOLEBDON A, DF D ERILRECEIN 2 BF 3 POBAEBRLT
WALTZT LE Cp BEORICR LY RETHAUOHEMERPE LTS EEZ N5,

Fho, FICEMBRT THERE - 2BREEH 2 DIHEBREFEAL TETOR VI OH D, 2D0LE R
DEBEHORIPHESNTOEOTRAVNE BN, IEHHIHKES L 2 MEAOHEEL LI TIRTH, U
- ThoBE bERNICERILREICEDN @B POLO LY Cp BORKEEDERIE I &b,

[ 1.90A]

HW ) g T A

Rt‘1‘1—— u, /Hu, R:z& Rlu1 Rﬁ%
VR :

2D0ERPOOHHMBRENRE S 2HBEOBEL Cp BRELLEDOEDER

syn-[Cp'Ru(u—n>-HSiPhMe)l,(u~H)(H) 2d-syn) D7 FH#E, syn-ER—u~7 £ Z )V A F V2 1) JVEEIA 2d-syn
DX RIERHERATICIR Y S oK) GRS BIA VY VRO T ) XA A BT, 8K 2d-syn OB T-oh
KR 2RO AG T4 DT ENT . TNENDOHEES Figure 2-6 2. Table 2-8 (2135 T itk &
HEADILEELLDEE LB,
zmng&zmgm2u71:w§®m%&cp@@m§amqmmgwmqmpgm&emm@ﬁﬁmé
DOM3Ig R U £ 755 . #64 IMS L OHAAICH LTI EOEA 7 Lz,
%%&4%£@71:w§m20&%ammﬁ§£b\wn%f%5:&ﬁbﬁécmbgnmu20@7l;w
B2 axial (1% 5 B b D& equatorial (14 L 5 DD 2 EDIABIANEET 3133 TH LM, AFET
@6“t%@@aﬂd%@6?%otcChﬁaﬁdﬁ%ﬁbt20®7llw585L@ﬁ%ﬁ%i@\ewmmm
ﬁ%ﬁwt7;:w§&cp%&@ﬁ@ﬁ%&%ﬁﬁ%mtb&%kéhéo7&@5\#4ﬁtuﬁéswﬁﬁ
52@@®E&§ﬁﬁ&?é%ﬁﬁib§%m%@(mpgnTM7;:w%)ﬁammﬁéﬁbécéuaéo
%%zwﬂnthUFmﬁ%®ﬁ§%%E?5:&uT%E#otoLbb\w?;ﬁA~74%ﬁ@%%%
W5 2 810 &0 856k 22 ERBHC Ru-Ru 8% GO T L ORISR LD LN Hore 2 BT
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ZREIVT o MERIC X BB RS A LAY OB

(2d-syn-1)
Figure 2-6 syn-ER-u-7 z =/ 2 FI 2 UL syn-[Cp'Ru(u-n2-HSiPhMe)], (u-H)(H) (2d-syn) O5FHEE

(2d-syn-2)

[}

[o11

Table 2-8 syn-EZ-u-7 = I A F I U VlE 2d-syn DELEFIER A) L#EH (Deg)

Rul - Ru2 2.975(1)
Rul - Sil 2.325(3)
Rul - Si2 2.318(2)
Sit - C1 1.87(1)
Si1 - C7 1.90(1)
Rul - C15 2.23(1)
Rul - C16 2.25(1)
Rul - C17 2.19(1)
Rul - C18 2.23(1)
Rul - C19 2.23(1)

Sil - Rul - Si2

Sil - Ru2 - Si2

Rul - Sil — Ru2

C1 - Sil1 -7

Ru? - Si2 — Ru2

C8 - Si2 - C14

(a) Bond Lengths (A)

Ru3 - Ru4 2.959(1)
Ru2 - Sil 2.533(3) Ru3 - Si3 2.316(3)
Ru2 - Si2 2.530(3) Ru3 - Si4 2.330(3)
Si2 - C8 1.89(1) Si3 - 42 1.90(1)
Si2 - C14 1.89(5) Si3 - (48 1.88(1)
Ru2 - C25 2.21(1) Ru3 ~ C49 2.24(1)
Ru2 - C26 2.22(1) Ru3 - C50 2.19(1)
Ru2 - C27 2.175(9) Ru3 - C51 2.186(9)
Ru2 - C28 2.23(1) Ru3 - C52 2.24(1)
Ru2 - C29 2.23(1) Ru3 - C53 2.26(1)
(b) Bond Angles {(Deg)
93.7(1) Si3 - Ru3 - Si4
83.99(1) Si3 —- Rud - Si4
75.41(9) Ru3 - Si3 - Ru4
104.1(5) 42 - Si3 - (48
75.56(9) Ru3 - Si4 - Ru4
100.2(5) C35 - Si4 - 41

Ru4 - Si3
Ru4 - Si4
Si4 - C35
Si4 - C41
Ru4 - C59
Ru4 - C60
Ru4 - C61
Rud - C62
Ru4 ~ C63

2.558(3)
2.514(3)
1.89(1)
1.90(1)
2.23(1)
2.22(1)
2.16(1)
2.22(1)
2.21(1)

94.4(1)
84.50(9)
74.56(9)
102.3(5)
75.19(9)
102.7(5)

3 fulEAE Ru2, Rud 2B 4 KOMICEM SN, 2BF 3 FOHAEIEA A Ru-Si AR 2.53 A (av.)
Thotee JhiE Ru-Si o-#RDEHE (@v. 232 A) KN 02 A BER - T3,

W= LEOB#E 2.967(1) A (@v.) THH. Zhit Ru-Ru HEAFOERICHEY 7%, £k, Cp BRikFEL
V7= LAROEREE 2 D0V T 20 ARMION TR U, 2a OBALRBEZYMEDMICEHT DEL R,

SN -7 ([Ru2, Rud] 2.21 A, [Rul, Ru3] 2.22 A), L L. 2&EF 3 Hil

FHEN Tz 5 Cp B E DEMENE > T B,
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anti-[Cp'Ru(e—n’-HSIPhMe)|,(u-H)(H) 2d-anti) OB THEHE,  anti-EA-u-7 2 2V A F IV ) JVEEK 2d-
O X ErESRERIMICE PV Y /Ry 5 VRGBERP LD GRS BIA L VBOT Y ALGEER 0T,

anti
- Figure 2-7 < (285K 2d-anti D THEEZRUTZ, F72. Table 2-9 I2Id 2d-anti DELIR FHEMEEAAE
T UT

f\s, :
e 1
/ %
Ru, _ 297511) 5 Ru
\_/,; :2

1

i

i

"

c17
C2z

Cc18 A~ C18
& o )
Ca3

C24

Figure 2-7 anti-tR-u-7 x 2N A F IV 2 U VEEE anti-[Cp'Ru(u-n-HSiPhMe)],u-H)(H) (2d-ant) D5 FHEis

Table 2-9 $#{k 2d-anti X445 FRIEH A) L#458 (Deg)

(2) Bond Lengths (A) (b) Bond Angles (Deg)

Rul - Ru2 2.9753(9) Rul - CI5 2.215(8) Sil - Rul - 'Si2 91.16(8)
Rul - Sil 2313(2)  Rul - Cl6 2.201(8) Sit - Ru2 - Si2 80.91(8)
Rul - Si2 2334(2)  Rul - C17 2.299(8) Rul ~ Sil - Ru2 75.51(6)
Ru2 - Sil 2538(2) Rul - CI8 2.288(7) . C1-8i1-C7 100.4(4)
Ru2 - Si2 2578(2)  Rul - C19 2.265(7) Rul - Si2 - Ru2 74.38(6)
$i1 - C1 1.928(8)  Ru2 - €25 2.212(7) C8-S2-Ci4  104.7(4)
Sil - C7 1.877(9)  Ru2 - €26 2.185(8)
Si2 - 8 1.907(8)  Ru2 - C27 2.227(9)
Si2 - C14 1.895(9) Ru2 - (28 2.261(9)

Ru2 - €29 2.233(8)

UG A% sit, Si2 LOBBEOHMSICARTS & Sil T T = ZVED axial (1% 5. Si2 TH A FIVEH
axial (L% 5)TH Y. 2d-anti TREUET A ZORMBNRL L E0DI S,

8K 2d-anti DADDE ) NREFOMERRET S JEGTEUD 7208, Ru-Si FFHE#E T2 2
LIZE D 2EF 3 HEA I Ru2 &7 A EOBICHEIN T A 2 EHH 5 MM 5 7o, Ru2-Sil, Ru2-Si2 Off
BZTh2h 2.538(2), 2.578(2) A TH Y. Rul-Sil, Rul-Si2 oA DT 2.313(2), 2.334(2) A TH » 12,
B0k 2a, 2d-syn EFBEIC 2 BT 3 PUOHEMEA A D Ru-Si BAOHHM 02 A BERL, /. 7 c2VE%E
equatorial PLIZEFD Si2 DHFVMEN TS 5 08 Sil I~V TF T Ah SEN T 5D Cp' £ & equatorial L0
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ZRVT = LRI L AE Y A RS HOTE AL

T xSV EDVERREICEADDEELZ SN,
V= LD EEEE 2.97539) A TH Y. Ru-Ru BHEEOEBICHYS T3, /. V7= L& Op BRiRE
LA LTS, 2ETIFOHEAEEEL THBNTZ) LOANEOEHEIED (Rul-CP; av. 2.25 A,

Ru2-CP; av. 2.22 A)e ZOMEFIEINE TIAKLUIBD Y U VB EKIZE Roh b,

[Cp'Ru(u—n>-HSiPh,)],(u-H)(H) (2b) D4 {H&. ER—p-V7 2 Z U2 Y JVEEIR 2b O XIRREERITIZ I
Ny VERPEDGHSEIA VY DBDTY X LG 2R, Figure 2-8 1277 LI BEICES A 2b D 2 DD LT
S ALERRKERFO LD EBRON A MEVEFEESGIBEN AN, T, JOBIKb LT AMICE

U FEGLTFOEET A 2 EDRER éﬂtcﬁ%%ﬂz«ﬁhwkiv%ﬂf®1HNMRX«7bw@§Mﬁ#b2b
i 2a ERROMEEFDLDEZEZ SNAH, 4DDE FY NOMLEE 2a DE FY FORBERETHSH &L
THEALUTo Figure 2-9 IZ851K 2b O#EEA | Table 2-10 21 2b OERF FRIES L EABETET,

Figure 2-8 #{k 2b DI F =9 AEY DEFEESH

Figure 2-9 ER-u-I7 x 2403 VK [Cp'Ru(u-n?-HSIiPhy)],u-H)(H) (2b) D5 FHéis
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Table 2-10 #ik 2b OELFEFRER A) L&BH (Deg)

(a) Bond Lengths (A) (b) Bond Angles (Deg)
Rt - R’ 3.0019(6) Si - Ru - Sit 83.69(3)
Ru - Si 24402(9) Ru - Si' 2.4247(9) Ru - §i - Ru' 76.20(3)
Ru - H1 1.79(2)  Ru - H2 1.83(7) Cli- Si - C17 104.4(1)
Ru - H3 1.73(7)  Ru- H4 1.53(8)
Si - H3 156(7)  Si-H2 1.52(7)
Si - C11 1.896(3)  Si - €17 1.906(3)

D E R —p- Y IVESR L R SRR 2b 3RO 4 20t FY FRAEFERALTE D SROFLEIE NS 7
FAROHEE LTS, LU Ru-Si FORAEICERT A & 2a, 2d-synfanti ORI 2ET 3PLHEE L o-
A EOMICEENE . BEDIIITTHEICHID 2.4247(9), 2.4402(9) A THAHZ EBMODEML » Tz, Fioy
V7= L OEERE 3.0019(6) A £ EA-u-Y YVEEERD I TIREOREBETH 7o ART MVT—FD 5 2b
PERpu-V YV NEIDREER L TNA I LSO TH LD, &R T 2 ZIVEN A DRES A R EICIEET 572D
Cp F &7 2 ZNVEOHDIRRFITL D Ru-Ru FHEDMH N, DD A FEP 2ODIVT =7 ADIFIE R
BlLrboLEZLh S,

Figure 2-9 OSH TN FY FRAEIEE (disorder) ICE A D EHEZ SN AL, FRAUMENFE
THEEZ AR A ZOBRERTFVNIC, VTFILERRETH 5, AHUEENFLETAIHRITETICR
TEH, T AEZDOBERFERE(RAIENTREING, /o, 884 2b DRUATREOME R R TIT - 'k
KU RPERRETHS THEBHL TOAWREELEETEE 0, JOREH S MNIT BITIER T THEERNT
THLEND 5.

BAE ER-u-YUILSEEROBBMEHICONT

Figure 2-2 1R Ule £ 910 E Z-pu- V) JVEE (RIS fluxional TH D\ £D NMR A7 MUHREICKE (KR
T 5, BaIEIRET H NMR BIEZTT ) EICE ViR 2 OBRETN 2 DOMA Lo @RICE > THDII- T
LB ERHOMI Ui, 128D [Hrhilidi- 7o) Ru,Si, 3 T7ES DK (A: Inversion) THH. 95 1D
i3k FU ROS7H#BE (B: Hydride Migration) T$H % (Scheme 2-3)o
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LT LSS L BH R A RCEODE L

(A) Inversion of Ru,Si, Core (B)_Hydride Migration
Rz R
| |
S Si H Si—H
R/ ™~ R2 S\ \
Ré>/§\hu J{éJ\Q\N
~p7 ~u
//H\\
Ru Ru H /H—~—/éiS| H
no>En 7N
F“l RII \H/

Scheme 2-3 £ Xy~ UIEEDOEIEE

1m§5:7®&ﬁ%@§?5%\&4%L®E&Eﬁ7;;wﬁﬁémml%ng%é&x&7h»ﬁ@%u
ﬁ%tbﬂ%f@ﬁmo%:Tp-bU»%&#%%huﬁ?éfxﬂkyﬂpbUwyuw%m[qmuwﬂ%Hﬁ-
@4m»hw4muun)@f%»%@éﬁﬁ&@bt(ﬁym24mo4m°CTuzc®buw§®X%w£ua
220&241Kﬁ§m1:1@2$@y7fwbbfﬁ§éntoMi@g&tﬁém%ofe—ﬁuﬁmaab\
n°CT1$@E—7K%%btoﬁﬁfuamﬂ&&c@mMﬂm®buw%H#%ﬁﬂﬁMéﬂ%ﬁ\iﬁf
HENS 2 BEOTRAEDIMIED B DICEMICBRIN G, JOXBRTMEY a7 ARETS L0
PEREIT § o THUBIT & . BAEREHIETO Iversion path OFEPHLIFVF~ AG' DIZH 16 Kealmol T -
126
*ﬁ\%WZC@Cﬂ%M—%°CTH&2m&1&5@2$@97%N&bf@ﬂéﬂ50Cﬂ62$®77
F VI —55°C THA L. £OEWALTXVF—DMEIF#H 10 Keal/mol THotoo £l BRTHFML LAD
Ve & UTEB XN 50k 2¢ Ok FY FREFO L7 HLb 20 ERHC 90 "CTR1:2:1D3KDE-
7Kﬁ%btc&Mme%3@BK%bt;ﬁK§ﬂfﬁtFUFﬁ%@ﬁmﬁ%ﬂ%@%@étbu\qyﬁw
VT FNDERICBHIINEEL 5N D.

sk 20 OEBIETZE TH NMR HIEIC & D Inversion path (A) OIEWAL TR+ — & Hydride Migration path (B)
@I*W¥“Km%6memﬂ@%ﬁ%%:&ﬁ%gﬁﬂﬁoﬁo:@%%HEZ1&9UW%%@%%$EKH
9O Lie T AMEAT B I EERL TS,
Exﬂk7;;wx%wyuwﬁwﬁmﬂmmmo@ﬁ&ﬂ%ﬂﬁNMRMﬁﬁé%mbmﬁ®X%w%®$@@
5aTDRENRED A ENASINER 57, LU, 2d-syn DA FVED Y7 FIVRBEERZ TH T OLFY
7 Mk E BRI o120 45 °C TR 2d=-syn DA FIVEIT § 0.665 (2. -80 “C T 8 0.661 KHIHI N7,
2 HTIRATIREC E R mpp= v U VIR A H D 2B OERED 5 5 axial MO DH NMR N7 FATHE
BB BEIND, o Ty AT DRENEI AU 2d-syn DA FNED Y7 FIVEERSEIZY T M HETTH
Bo U L. 2d-syn DA FIVEDFY 7 MIIEBELHE VBEERTTHLT, O Lo MEREDHE
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BTt 2d-syn T IT OREY

o TWHWEEZOND, BETA M//\k\\

#ED2 DOBREDOY A APKEL _

iajwa%\ ani TGS AN B W S
BATE B THHFIERFEOD, syn K “

CHBAEHBREBCEN AL D, f‘\

FORBRENRE a1 b D& mejv‘ |

%A 5N B - e \
Hydride Migration 7 B ¥ 2837 oo i

OREL IS 5 2 L Ru,Siy K¥J |

0T OREET S 7 2dosyn O | J L‘”" U JU@_3 K_J\g

Cp EBLOE KU KDY FME Ao 5 0 Foerdons e T8 T ok s s

EREHAT L2 S5 b Ta  Figure 2-10 ik 2c OEEAE 'H NMR X<% pJb (toluene-d, / 500
3. 8K 2d-syn O Cp' DOV F )V MHz)

i -80°C TIHMOERpu- Y VIVERERRIC 1: 1 D2RDE—Z7 I3 L. ZOXEEH SR Hydride
Migration 7’2 & 2 OiE#HAL T R IVF— AG(MﬁﬂKmMmﬂf%otohMeZ3@ZQKHtXﬂh %

ROBHEBDEMIL R IVF—-ER U

S5HI ER—u-VILEEROERBE

EZmp- o VIVEERDE B ST 5107 M E N MR 1 & Ph,SiH, 2ERTRIGE €,
NMR ZHOTEBF U, 1HITHAIAEID Cowie HIE 2B DA Y U7 L8R E Y 7V ORIGA 'H NMR T:EH
Us = ) LA RSIA [Ir,(H)(CO),(u-n>~HSiPh,)(dppm),] (dppm; bis(diphenylphosphino)methane) Z#2H U T p-
YUV VIR [T (H)(CO),(u-SiPh,)(dppm),] DVHEET A 2 L% 5DMZ L7 (Scheme 2-1)%

#PK 1 & Ph,SiH, DRIGIE -30 "C LT TRACHEIT UL > 1. RIGEEE 20 "CIEHR EZABRL IR
IGIRE ) | 8k 2b D Cp' BITED LHRIEAL Y 7 F VIR 6 1.76 12, Bl LIcKED 7 FIUH § 4.51 icBlbh
foo RIGOMICBMINE—2713 1,20 BEWKEICHET 2000 THY . PEEKEZEBHTAZ LI TN
botoC@%%M%%I&IQ%E@9§V®&ﬁKKN\hothiﬁbt¢%%&2ﬁ%@@957®&m
PEEEDICEITT DI EATFEL TS,

mwmmgbuZ&@DyﬁAﬁwnmﬂﬂﬂmb@mmﬂ&2Eﬁ®y§y®ﬁé%®&mbéyayﬁ®&
GRS LT QIEF I8 5 S84 LT A2 PRSiH; > (1-CyH,;)SiH,; > PhMeSiH, > Ph,SiH, > EL,SiH,. LU,
B8 1 & E4,SiH, / Ph,SIH, D 1: 1 DRAWEDRIG T, 814 2a, 2b & BAEBHD € 2-y- ) VK
[Cp'Ru(u-n-HSiEt,)(u-1>-HSiPh,)(u-H)(H) (2e) DRI Lichi-7c8& 2a:2b:2e=1:1:2) TEHNT

39



THIT S LRI L DR A B AR

@}%&oC@%%ﬁﬁ%%t@ﬁ&ﬁﬁ%%l&@ﬁﬁ?&i?%%%%iviﬁm& FEHINIREDTHS
CLARLTHED. T8k 1 0V VEHTARBIEDNEN I EERL TS, #ik2e BHTLI7BTNT T
Jq— (P, BEE AFFY/ PVIY) THEETS I EATE HEIIE 36 %)  'H, PC, ¥Si NMR
BYNIR 27 MU - THE e Fhoy YT FUI—F Uk 0 & 3B BRI TX RIS s mER
WAEITO. T OMEEHER Ui,

Et Et Et Et Ph Ph

H——S| H SI H Sl
//\\ Et,SiH, : PhySiHy =1: 1
ﬁ‘/' Hu-----H-mRu— Ru H----Ru—-— Ru H Ru—-
Et Et Ph Ph Ph Ph
1 2a 2e 2b

2a:2e:2b=1:2:1
(eq. 2-8)

Exﬂkvuw%%@4o@tFUF@E%%%%@u?étbuﬁwl&Zﬁyayw%n%hmémﬁm%
%7 BB AT - 7o $0k 1 & PhSID, DRIETI 2b @420k FY RO 55 3DWERHFLI NI
mm@ﬁﬁéhtoit\%KL@&meg&@ﬁmfuﬁmﬁ%1Obbﬁtam%%my@ﬁ¢mbt@q
2-0)y TDIENDE R~V Y MEERD ADDE FY KO B30T VERTHY I DBHK 1 IKIKLT
WD & BTSN o Tze F Ty -80 °C THIE U Fcgbik 2b-d; ® THNMR X7 MO FY FOBBICHE 1
0.1 THER 3RO Y7 FSEH SN, HNMR AX7 MUZENT bR 3 ERD ¥ 7+ Vgl i,

VRN Ph,SiD.
g‘“"nﬂ JI ——— 2d;

o Ph,SiH,
- —Rl{\ _Ru » 2b-d,
‘ DD

1-d,

(eq. 2-9
HL®%%#62&®W?LWA?b§tFUF%%l&Zﬂyiyﬁ@ﬁm%smmm}AQﬁK%gko;
FBk 1 E1STFROY T VARG Uy KESRTOBEEET 2 ZEIKEDE ) u-v 7 VR ADTELT 5. A
D20 2EF 3 HELDH B 1 ODBBALKICHM TSI LT LR BOAELS. BIC2HFHOY T VAR
L. XSIAREOE K REYT VEKDE R RAVKHRE UTETMOIBET S Z il EXp-v Vb
Sk 2 BT Do SITE) —u-v T VK A KDL TR AR LEERVERECHT 57 ~ (Bu,Sily)
AROAILICL BT A EHNTE, FORSHARTTS JEILY 2 3Pk A BRTEKT 52 L2
ST HIENTER (3ESH .
Scheme 2-4 17 N5 & R Y Rk 1 O 25D V5= ARLOBRERICLS 220 Si-H #5a DRIENZE
ﬁmu;oiyk9§7%%#6;kvuwﬁwﬁiﬁiéﬁ%éﬁbThéo::T@%ﬁ®%§¢®ﬁﬁﬁﬂ%
542 HWEDEESE Multimetallic Activation &0 09 B 2 DORBEPLOBRARIC L HEHIE
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R R
e _® H-SiH @-® y—St—
//\\ : I' (A
N M o8 Ri_ Ru
- ~
ISt e O-® \G{ \
1
R
N
Ru \Rlu
R, Ro R /
H si—H Si—H . SE-H
/" \| 9}\/ Y P/ N
RumurtHunRu ~——— Ru ,RIU POV Ru R
/| N ee Tl
Si—H H Si—H H-Lsi-H
R R, :
2

Scheme 2-4 7 FSE FU KK 1 & 285 5 VRO RITHE
Bimetallic Activation EWMESRZ EET B, EXu-i JIVEEK 2 D n2-Si-H #4113 SITBILIICHnT 5 2 &
O ER-p-v Y U AEIR [CpRu@-SiR )u-H)], ) #5225 (Bld) o ZO—EDRIGAMAMITELIZONT
ORI TH AW\ Bimetallic Activation 1 & » THENEBIIIG LU TOHEFRbMS,

Bimetallic Activation of secondary silanes

[Cp'RuJZ(p.—n5—HSiEt2)(,L—nZ-HSith)(p-H)(H) Qe) DWTE, VIFNI—TLLOEBIELAL Y IBOD
T ZLGE O TRABBROD € Z—u- V) VK 2e O XEHEERATATT - 12, BIERMEL LOESFNT -7 %
Table 2-11 ICE W7z, 8K 2 D4DO L FY FEMFOMEZRET S J L@ TEAh »70. F. Rul 14
AU Cp BICE U TARBHMEE (diorder) AMEAEL Tz (50 : 50). Figure 2-11 I 2e D% . Table 2-12

NS PE L
Ttk 2e BIBDE Z—pu- B ERBIZ NS 754 BO Ru,Si, I74F Do Rul-Sil, Rul-Si2 EOHEHE

TNEN 2.4702), 2.507(2) A TH Y. Ru-Si o-H4DEEE (Ru2-Sil; 2.386(2), Ru2-Si2; 2.375(2)) £ 9 bE L .

B-T CHETOE Zu- 2 Y VB R ERIIC 20 KBTS 2BF 3 HIMEARAFDIVF 27 A (Rul) £ 4

ROMIZOAIFET B, LT =7 ABOEREE 2.990 (2) A Th D HEELOERIHST S,
CSITHATREAR Ru-SiHEOERDOETH L. TFNVEEETHRE 1 H S2 D 0-Ru-Si £7 TR
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Table 2-11 &1k 2e DHFFHNT 5 LRERY

(a) Crystal Parameters

(b) Data Collection

formula CysHg Ru,Si, diffractometer Rigaku AFC-5R
crystal system monoclinic radiation Mo—-Ka (A = 0.71069 A)
space group P2,/ monochrometer graphite
a, A 21.429(10) scan type ©
b, A 16.056(7) 26 o 50.0°
¢, A 12.720(6) scan speed, deg/min 16.0
@, deg refins collected 6785
B, deg 124.41(2) independent data 6601
y, deg independent data obsd 4808
v, A3 3610(2)
VA 4 (¢) Refinement
Do em® 1370 R 0.047
temp, " C 23 Ry 0.048
% cm™ (Mo—Ka) 9.07 variables 351
cs

C3

Ru, _ 29s0@2) » Ru,

D ]
AN S
NV
Si,----H

Et,

Figure 2-11 REEBELER-u-> Y IVE#EE [Cp'RUl, (-2 -HSIEL,) (u-n2-HSiPh,) (u-H)(H) (2e) DN TFHEE

F 4 o VHEMRAD Ru-Si HAOHEO% ARu-Si) H 0.132 A THHOITH L. 7 = =VEM (Si1) T“Li
A(Ru-Si) i 0.084 A ENE LTS, r A FPCBEFRSIEDMAET 254, 2B F3POHEEIFRITE
B2, Si-H MOHAUNMET I 5 & & HIC Ru-H, Ru-Si RIOMHBEANEE H M-Si #A0E {75 A@m
%% = &% Schubert, Lichtenberger HI12&» THOMIENTH S, UL, ZOHBRT 2 VAT NTHS
5 2 BT 3 HESD Ru-Si BEEMNE - THE Y BFNERIREMIT 5, - Tl 8K 2e O Ru-Si o-
SANI LT 2 VEEFT LA ZOFNECH > T AOEEL o OIRNLEERIILLbOLEEZI 6N S,
+Thbb Cp RETFAFZLED2O0T 2 VEEDIERFIL > T Sil B2 ODNT =7 Lo HNTRER, 2
BT 3 LEL L oA DHEARDENNS - 72bDEEZONE. JOBARMEDER—pu-27 2= )b
U VAR 2b DEFICE BBEEICE D, ARu-Si) i 0 £7155 (Figure 2-9)o
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Table 2-12 #f&k 2e OELEFRIER A) L&EEH (Deg)

(a) Bond Lengths (A) (b) Bond Angles (Deg)
Rul - Ru2z  2.990(2) Rul -C17 224(1) Ru2-C37 2262(7) Sil - Rul - Si2  80.88(7)
Rul - Sil ~ 2470(2) Rul -C18 219(1) Ru2-C38 2.238(7) Sil -Ru2 -Si2  85.38(7)
Rul - Si2  2.507(2) Rul -C19 219(1) Ru2 - C39 2201(8) Rul - Sil - Ru2  75.99(6)
Ru2 - Sil  2.386(2) Rul - C20 226(2) Ru2 - C40 2.268(8) Cl-S8il1 -C7  10L1(3)
Ru2 - Si2  2375(2) Rul -C21 226(2) Ru2-C41 2277(8) Rul - Si2 - Ru2  75.51(7)
Sit - Cl1 1.909(7) Rul - C27 2.28(2) C13 - Si2 - C15  103.8(3)

Sil - €7 1900(7) Rul-C28 229(2)
Si2 - C13  1.895(7) Rul-C29  219(2)
Si2 - €15 1897(7) Rul-C30 2.21(2)

Rul - C31 227(2)

CBH ER-u- v YIS RO
(1) EZ-u-V Y VEROBMRRE -- n’-Si-H 2 0BLHA -

ER-u-V7 2 =)V VIVEER 2b D MV VIERZBRRFH T TNBALICE A, 4 BHETEROBIED S
BOBANEEM U, BEABETHIEICLORBEKE LTEZRp-Y 7 2 2V Y U /8K [Cp'Ru(u-SiPh,y)-
(u-H)], 3b) ZEEMITE (eq. 2-10)0 TORIETH 2b D n2-Si-H ADBLMITHI U, KES THE
TORICERET A Z LI LT 3b AER L EEZ SNMB. Fio. n>-Si-H #HEOBNAIRISHIT#EN TH O .
EXp-2 ) V8K 3b ERBEORIGICE D WEMETH B E Z—p-2 Y IVEEE 2b EEMICHOND (5
RBR) o WERIC 2¢, 2d DBSMERIGICE D THHET B EZ-pu- 2 U LV 851K 3¢, 3d DB SN T, £, n’-Si-
H #AOBANAINT ENREBHT AL - THRI A, EZApu-v ) LUK 3 OE - HEL SV
IGHICBILTRESE, 6B THEREIEEL. ZITH n-Si-H BA0UBIAB L TUTO#EREED 5,

R R

R R

H—si H 110°C, 4 h, -H,
N ( 2b, 2¢, 2d)
—R‘uﬁﬂumuRu-—- - - —Ru 'Ru

| \ _/ 10 atm of H,, 80°C, 2 h
H—,SI\R

R n R

2 3

(eq. 2-10)

LEF T~ 2 B 3 PSR LRI O BB REBZHIE LIt b O LRI I E0TE 5, M-H & Si-H
MOGTNTOE FY FOZEIIE (Scheme 2-5) & -7 EODDF T 42-Si-H #4D [HE /BAE | 280
BRECEEIN T D00, TN E TICEBICHEE LA 8KII D0 T n2-Si-H #4 ORAKM % B2 Ui filid
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H D
SiEts SiEty SiEty
PhaP. | ] PhsP. | ] Phep_ | N\ PP | ]
e ~ ~ L~ ~N
i” o e D i r D i Hy
PhyP " |\T “ PheP " I\ p ™ PhgP =~ \/D PhaP " ]\
SiEts ESi  H E3Si H D gip

(Crabtree, R. H., 1989)

Scheme 2-5 12-Si-H &80 (MR /BE] £SALBNEE
WEINTEST, ER-pu- VIR 2 OBSHRRISHEND TOH & B b 5%,
2ETFIHIHEMEREAT S M-H-Si #8160 T, Si-H #HA0ETHEELBPLLED o-RIOHE(EH
WKE->TETFLUTLAEZEZ oM, ZDRDIIT A FBLCKEDOKE T - REERBERLTEY. BELD
KISTHRE RN FREFD 7o b ELTHIEHRMMNAZ EVRTFEIN S, Coriu HIE2EF3IPOEEEETA
< U7 EMEE NRy, NaH EORIGIC & T 02-Si-H #8EBHLTHAE R FE2 7o by ELTHERET
ZA HOHBEEAR U (eq. 2-11)°7. F7z. PPhy, DAL 2¢ NP —BATFICEL > T 2R LAY T V0VE
BEAND VSRS SHETHE LTS (eq. 2-12). LD L FHRTARK L7 E Z—pu- 2 Y VEEERD 0 2-Si-H
FEANVT =0 LB U7z b DD LiAIH,, NaH 72 EQEELERIG LA > 7o, JORERE, V7=
7LD DFEEENREZ DI Si-H ORKEFHNMET LTSI EEAREL TS ERbNS, EXpu-2 YNV
R 2 E—EDT A VR CpMn(COYL)(n2-HSiR;) ALK UIcHA, <7 VRO AIE Si-H D 2¢ N
F—E UTOFLEHRRE (., EhBK 2 OFEFREOTRNZ 2ET ShLEE LRUITIENTES,

N Et{NCI

N
Mn—SiPhy; —————» Mn—siPh,
c\s“‘ l \H/ *H‘— ce‘
(o) c o c
0 (o)
(eq- 2-11)
Nin\—SiPha —_— Mn—PR,
- PhySiH a
C H 3 C
0" ¢ " 0" ¢
o o (eq. 2-12)

251K 2b, 2¢, 2d OBGRRIETII E Z~pu- 2 ) U v BIRDE S NI, B,SiH, L8E 1 ORETHE S E 2~
p- VT F N Y VK 20 REMIICRETH D . MBS S DIREIOE AT S 2 Lk > THEDARY ML
BEANR NS, 8950 L VB [Cp'Ru(u-SiEt,)(u-H)], (3a) DAL ERD SN H - 7,

Bk 2 DEREDBOGMEICIIEZ 2 ERNIEBEARTAILEIA. EZ2pu-V ) L K 3 OARRER
2b, 2¢ > 2d >> (2a) DIETH Y T AR LDOTIVFINVEIBER 10 > TRIGHOME T AERICH S 0D

(37) (a) Colomer, E.; Corriu, R. J. P.; Vioux, A. Inorg. Chem. 1979, 18, 695. (b) Colomer, E.; Corriu, R. I. P.; Marzin, C.; Vioux, A. Inorg.
Chem. 1982, 21, 368. (c) Carré, F.; Colomer, E.; Corriu, R. I. P.; Vioux, A. Organometallics 1984, 3, 1272.
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2% 2HNFIUATIIERY FEkEDE Fouvs VEORRK

”#Oﬁoﬁu\VUVV%@&K%&@&EK%U%EXﬂkVUW%W@E&L@TéH [Cp'Ru(u-H)],(u—SiPh-
 Me)(u-Mey) Be; 4FBH) > 3d-synjanti > 3b, 3¢ L7 AR LOTVFNVEDHHHEZ 51T > THRT 5, 74
R LOBREORICLS 0 -Si-H A OBALMHMKIEHOEIT E Y F— & VUK E 12-Si-H o-84{KDR
 OHBEEAIEE. TAKLOBTRIMBOBAEC Lo TE KU R ) VEOFS ML, SICETHSH

 DERECE -T2 FFROREAHAT DD EELS D EATES, AL Lightenberger HI2k 5 KT
gy MVREORE. DEDY A EEOBTRIMEED Si-H BAORINIEEBETS &) AL KL

v \ Thb,

R, R,
H----Si H—Si
N —— / '\
_Ru Ru Ru Ru

296i NMR 20 B LI D A A ZOE TIREZ EMMICTFMTA L3 TREEEZ Sh AN, 28 Oy
T MNIREE T AR EOEBMBERL EIL s TRECEEINS D, H, PBCNMR ODRITILF Y 7 NDATFDEE
CABRHAVREESTHTAORE LB, LHLERS. HENF USSR ERENR UEAICIEZ O

U OERARAERAROLOL VRSN, ER—uet ) VBKOERY A RO S S FVEERER 6 1117
(2a), 1019 Qd-syn), 95.1 2b), 94.5 (2e) IHEAS e A FLOBRENTVENVED ST ) —VE~ LB

THEIEN LV T ARD YT FNVEBHIBANE YT LTS, BFRIMEDHERILL > TRB OO O/ A4 H
~NOETOHEENEL D, TORET A RINT ) ML DRENERE B ZHERE Y 7 MR LELD
LEZEZON D, 81K 2a, 2d, 2b, 2¢ ORIGH EZNEND PSi NMR OIL¥Y 7 M4 TEATAHLE, 2B S
L0 5 OEHEDHID n’-Si-H HAORMMMRIEHELR LTS EEL N5,

(2)  ERpu-v)VEKET O N VBREDRIE - AFA UL - ) VKD B & HE ——

VIFNI =7, ERp-ITF)V Y V3K 2a & 1 HEOHEE (HOSO,R; R = H, Me, CF,) EDRKIG
THRHIBDAFA v HEAFHE FY FEK [CpRu@-H),),* (6) BB SN (eq. 2-13)0 F12y HIK L BE
(RCOOH; R = CF, Ph) EDRUE T 2HDPHIANRF Y L — MEK [CpRu(u-H){u-OCR)0}], (7) 185
NIz (eq. 2-14) TOW, Bl i 2 Y 0FH VA U Iv— —[SELO)-, (n = 3,4) & LTENA NI, #ik
6,7TH2BLTF=IL7 IR FibA 1 &7 0 b VBEEORISICET BABMER—TH Y. 1 EBOKIS
THT =4 v ORGUSERD & LR T 5 2 EBBEICH ST EN T S (Scheme2-6)% THb L. REHD

(38) Williams, E. A. In The Chemistry of Organic Silicon Compounds; Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989; Capter 8, p. 511.
(39) (a) Kakigano, T. Ph. D. Thesis, Tokyo Institute of Technology, 1991. (b) ILEE, BRI, ERTEXFHSHE TEPIEN, (1991).
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TRV LRI L 2 E Y A BB OTERAL

SBNHIVERF Y L= N T oA VDPHEERTH S AT A ALORAATIE [CpRul, ] IKBAIT 5 Z &2 X D sk
7THRER U FIOREBEONS L7 o4 v OBA [CpRuH,]" D& 1 ERIST A EILEY 6 ZHATEEZ

Y AP
EZ-u-Y 7 2 2V ) IVEEIR 2b DB & Si-C(Ph) FEEDEIMENA L B U PER VRIS, ENERA T &

TEHAFA DT L — VK [CpRu(n®~CH" 8) MMFoMNT (eq. 2-15)0 MK TR GAFA U UT L~
SERITEER 7 ERXVE LV EDRIETAKINTH D HEORMARIE [CpRuH,]* LEMEEDEL 66 N~
THHT U= VEEDRINCEOERLIbDEEZ SN 5,

{I A/Q
S
T l“*

H\ Cp 2Rus(a-H)s ﬁ . RCOO" / \ / \
k i

H
H
6
Scheme 2-6 2BINF=ILFFSEFU FEERETOF /BEORIT
Et Et | _l+
H—Si H Ru
|/ \| HpSO, AN
——Rumme Hono Ryg—— t o \, \
N/ Ru——Ru_}
H—Si SONH7 S
Et Et H
2a 6 {eq. 2-13)
Et Et
H—Si H HH
N K
! \ l CF3COCH Ru/———Ru
<%Tﬁ@?m—— : > /\)/\:\
[s)
H>ISi ?/{g
Et ‘gt .2-14
v ; (eq )
Ph Ph
PN *
CF3COOH 4
— Ry Ry —— : > —Ru—\l
IN_/
H—Si
Ph 'pp 8 (eq. 2-15)
2b

RERTYOFH A ) TT—PHEE U SISO Ru-Si #EDOHBEIR 22 AR UTEYER
T 5. A ROEROBEERY TS LTHPMGE ST A LHEREZEZ oD, T2 TRIGHRE A
AUHR RISHEEIEEAF VBB I EICL DK 6,7, 8 ERO P MR BEET 2 JITHKII Ui, 78

CICBE U E R VIVEE R 2 OIRALA F U VIEIRIC 1.1 BY&D b TA o A5 Vv Z)Vk VB TIOH %10

A BALERETETI TSI S ZER LD AFA VWD E A~V ) VEE & [CpRu(u-n2-HSiR,)(H)](u-H)*
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2% 2BATIULTIIERY FikEVE o5 VHRORIT

(48; R = Et, 4b; R = Ph) ZHE B & U THR (eq. 2-16) 81Kk 4 37V T VFHLAT X F L P TE

o R THAVYEFIVI—T IV, THE, XY FEMA B LIS DBERIC#E L. Bk 6 HDHVIE 8 L1 5,

- DEREEK 476,78 OPEEKTHLIEEIHL TS,

Ri™ R, R +
H-—Si_H H~—Si H
RI/H\RI X H* |/ \|
—_— |u / u CH2C|2 —Rlu\ /Rlu—-
H ,S\ H ;5:——H 4a,F{= Ft
R R 2 R R 4b’ R =Ph . 2-16)

HFAVUERpu=- U NVEER 4 E5 20 E P FRALFERT L0, £D 2522877 AL TAFRMI
wiE LT 2ET 3PLHEAEERL TS, &, O 2 RMOE R FELTRMLTE Y ROV T=
v AEICEE LT, O EZAu- Y VK 2 BHRERBSBDOER T MR ERTROEERTH - 12
2. Bk 4 OHFA VEIE Ru-Ru #HAOPLICHLER TS C, 8 RPN ¢, MFEERL TRV

) Th AT LA XEIEEERIE, T NMR I E DB BN U (i) .

FU 7 L= N (TIOT) 07 =4 v EF B 84K 4-0Tf 3R E LOKISH UERICARETH - a0, #7 =4
V% BPh, IKEAD I EICLV KR 4 #RENTHIENTE . KEANRY MVER 4-BPh, ZHVTHT >
oo TIETRT UK 4a-BPh, D 'H NMR AR MU Cp' QY7 FIVHY 6 1.98 (30H) X, LFIVED
YUV 6096 (12H), 0.73 BH) IS, £ R FOY 7 FbA 6 -13.51 (SH) KBS N, o, EFY RO
 UTFLOTIECIE BSi DNy T VLB YT IA NE=T (g = 18 He) DEAIES A,

4a-BPh, Dt FY ROV 7 HIVBERETRE
1RO E-7 LTINS, BERES

100°C $TFH AL ARER 1: 4 DEED

2ERDE 712508 Ul (Figure 2-12). £72. 233
COECy RO Y SR L EDEETH T, | A\¥
XAGHEEMRAT DR R0 S WIIE 1:2:2 T3 o
BEOE NY P/ FUDBEINS D ETE ‘—JL
SNBD, WEL 1:4 D2KRDE—7 LB 203K
SINED 1 DEFHFRTOE N FOIHHEE _wﬂ,ﬂ/\\“_
DENMR D4 A b A — NN THNH % 193K
Xoh35, /_JL

#1K 4a 0¥ fluxional TH 5 Z &iF EITRLT 183K
Mm% TH NMR S5 TH O - 7248, Ji
low-temperatu}e limiting structure (ZZ<{ AN

50 T32.13.4 158 138140

7 MVEIBD Z L NTEID »T2ledd. TOEY

{ppm}
BEOEW R NF - EEHT S ILETER
Mote, o, RETENINI I, 1 18 He

273K

Figure 2-12 8k 4a DEETZE 'HNMR X% L (500 MHz /
CD,Cly)
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TRV SO LRI L BB R A RN ORERE(

ThHo-rD. COMTIEHDE Y RARMUTHAIDIRENTND A v 7Y RO FEENER S -
bDEEZ LMD, THETIIHWEINTOLS g  DEP 20 Hz UTTHBIEXREBETHE. 8k 4a DEOD
Ty V3281 3HliEa QRN (20 ~ 140 Hz) (KRS L FHENS.

Fro, $4K 4a D IR AR MK T =4 2 ThHAH BPh,” O Ph ZEDFEREIDEIT (1700 ~ 2300 cm™) {2
BATLE D, vRu-H) BLT vRu-H-8i) iZH T BEBBIT5 L@ TEAh -T2,

BB AL s VEEFTAANFA MO ERA -V 7 2 Z VY YVEKR A IZO0THT M T 7 2 Z )UK
V= b AT oA v ET S 4b-BPh, G L BEDXNRY PVARE LIz, ZORER. da CRAKRAEHEETH S
ZEDbh ol (ERESR) .

[Cp'Ru(u-n2-HSiEty) (H)],(H) ‘BPh,(THF) @a) OF &, THF BARTLHEHEIELHEBOT ) XLE
EROTHFA Y ER-p- Y TF N2 YV da O XIRHERITET o 1o, ME R B LTS FNT 5 %
Table 2-13 {219 72 Figure 2-13 (JIEHEAEF PO FORER S A F A L EOHER /R Table 2-14
I F R R S AA A F LT, Figure 2-13 10R UICBICR T AICIZER LA & UT 141D THE &
WOAEN T, ey #7242 ELTISFO BPh,” HFEELTE D, 8Kk da BT ROAFA L THD T

EERLTO A,
Table 2-13 &4k 4a ORERFNT -5 LHTERH

(a) Crystal Parameters (b) Data Collection

formula CssHgsRu,Si,BO diffractometer Rigaku AFC-5R
crystal system triclinic radiation Mo—-Ka (A = 0.71069 A
space group Py monochrometer graphite

a, A 14.343(%) scan type

b A 15.675(5) 2, .

o A 12.838(2) scan speed, deg/min

a, deg 109.40(1) refins collected 9955

B, deg 90.81(3) independent data 9538

Y, deg 92.32(4) independent data obsd 8293

v, A 2719(2)

VA 2 (¢) Refinement

D g gom® 1272 R 0.029

temp, ' C 23 Ry 0.039

u cm”! (Mo—Ka) 6.22 variables 579

#51K 4a O Ru,Si, I7H 2a RIS 75 A MOMEEZF LTS, /o, 4a BADM L ¢, MHER B,
Ru.l—Si2, Ru2-Sil T2 EF 3 HLEADERINTH S, ERpu-2 JIVEEA 2a TH—H DN T LET2
BT 3 POEADHEENTOD LB TH 5. Ru-Si o-#AOEET 2.4348(9) (Rul-Sil), 2.439(1) A
Ru2-Si2) THH. THODEEFRESN TS Ru-Si EEEOHEEOEMANTIS 50 2a D Ru-Si o-FEED
B (av. 2.33 A) LHET 5L 01 A BMUOTOVS, oo 28T 3 TOMEMEAERD Ru-Si HOEIZT
NET 2.497(1) (Rul-Si2), 2.517(1) A (Ru2-Sil) &+ 2a D (av. 2.56 A) EH~E LR > T 5,

EREOFBIETRNEERSS 51O EHEARATERMBIES Z LIFTEUL DN Scheme 2-7
IR U728 (A), (B1), (B2), (C) DA DDORMBREEDIBEEZEZ 3 LIZL D 4a OHELRMTAZ EDTE S,
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(a)

2% 2HNTIULT R ERY FEGkEVE Fov I VHORIE

. ’Fi.gure 2-13 HFAUBERu-STFI L UNEHE [Co'Ru(u-n?-HSIEL)(H)],W-H) BPh,THF (4a) O (a) &P0H
FEE (b) hFA U BORFIEE

(b)

cs

cz

Table 2-14 HFF MEZ_u-VIFIL LY ILERE 4a OELETFRIESR A) LS5 (Deg)

(a) Bond Lengths (A) (b) Bond Angles (Deg)
Rul - RuZz  3.023(2) Rul - C9 2.289(3) Si1 - Rul - Si2 85.43(4)
Rul - Sil 2.4348(%) Ru2 - Sil 2.517(1) Rul - C10 2.248(3) Sil - Ru2 - Si2 84.88(4)
Rul - Si2 2.497(1) Ru2 - Si2 2.439(1) Rul - C11 2.213(3) Rul - Si1 — Ru2 _ 75.23(3)
Rul - H1 1.72(3) Ru2 - H1 1.80(3) Rul - C12 2.184(3) Cl1-S8il -C3 106.4(2)
Rul - H2 1.59(4) Ru? — H4 1.63(3) Rul - C13 2.265(3) Rul - Si2 - Ru2 75.53(3)
Rul - H3 1.63(3) Ru2 ~ HS 1.55(3) Ru2 - C19 2.248(1) Cs -8Si2 - 7 105.6(1)
Sil - H2 1.81(4) Si2 - H3 1.77(3) Ru2 - C20 2.22003)
Si1 - H4 1.73(3) Si2 ~ HS 1.78(3) Ru2 -~ C21 2.190(3)
Si1 - C1 1.880(4) Si2 - C5 1.887(3) Ru2 - C22 2.248(3)
Sil - C3 1.888(4) Si2 - C7 1.870(3) Ru2 - C23 2.268(3)
— R —
H——-_S|2——H
t //
Cp‘Rl.lln"---"-H----nd:luCp'
H - Ssi—H
R. R
H— i (B81) H --St--H
O] AN
Cp‘Rgl]‘ Hmmuli{uCp' - Ccp RTTH-yRuCp
H—Si—H (B2 H-si-—H
Re H ——sf—-H 2
(A) S ©
cp'RlljslllluHu ------ RuCp'
H—Si~-H
b Rz —d

Sceme 2-7 $#{k 4a DHLMEIEE

A) B 2207 A FEH u-n2n?-H,SiR, Bli% Ui u-v 5 VRISEERTH D . (B) 1 u-n?-HSIR, ¥HT5 - Y
WR(C) Bu-Y ) VETHD, VFo LAOBRMBCEELZE TS &L 2a [ - IV i) ORAEFH
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TRV 2 MRS L DE RS 1 RICEYOERLL

R R Bt Et
H—Si H -'Sl
H“7 \H 7N
—Rluﬁﬂ-hnlu— I/ \I + -Ru\ u I
I/ H* Ru_—Ru i)
H—Si \ "
R R
2 W Me- 5a 1
, Me
e T an | e
| ZaN
—Ru H,SO
H\H’ \?“ PR hor S B h (- THOWTION. TP & :
\7_ N\ N/ |
L RumERL R _si—H
N \H/ R* R
i 4 H,0 / AlO3
6 (R = Ph)

TFA/Et,0
/ TFA /toluene, Ph OH Ph  Ph
-20°C, (R = Ph) i ‘aSi/
HH / H-7\~H
ﬁ‘{/ \\Ru/ P /OCOCF3 - -Ru“H)'\Ru—- + Rl/._\Rl
A, S N }&\ e

\ \ . e
0\/0{(0 /Sl\ M H\H /
H. si
,,,,, A
CFy CFg ‘{1‘9"\#( /ﬁu Ph Ph
7 3f 5b
si
G
Ph Ph
3g

Scheme 2-8 A FF HEZ-u-2 U INEE 4 ORICHE

BeRLEZ BT ENTES, FREK (A) W[l - 11 ). (O 1 [VIE - VIl 720, @) & [IVIl-1v
] E75%. #5K 4a 13 2a ARLT AT LK - THRSNIEVS T L Fo VI MONT =D LEZL DL E
W) EAZETAE Scheme 2-7 FTHE B) OFENRbRELE-RDNS,

Sk 4 FAFA VBBRTHEID, KEHERBRRIET 5EE20Nb, AT A VEER-p-v Y Vi K 4
DRIGHIZ OO TIREMOTHIICRE LT A%, ZOBEAL Scheme 2-8 IR M7 =4 v KUKEH|
k> TENARIEET Ul REAIELTE U FERiR Me™ ZRVRA, 4T PHOERu-2 1 VR
2 BERMICBSNT, JhSDORETHREHONT =7 ARLAOBEIT S X TKRH LV A & Uil
U PO EZu-V VG 2 Ao bDEEL OoNG,

AFA AL R4V 7 2 2V Y VK 4b ET IV F EOKEDRIETR T AHRLED 42507 = Z)VED S b
198k FoF VECERINIESEBREOEZu-v ) U v 8k [CpRu(u-H)],(u-SiPh,){u-SiPh(OH)} (3f)
B LU ) e T VB [CpRu(u-H)],(u-nn"H,SiPh,) (5b) 1518 5L 1ze KA FARIEY A FAFIEMICK
B, FORERT o VENR VY E UTHEET 5 2 &Ik - TR 3t Lo b DEEZ 6N 5 —T5. 5b
I3 Si-Ph $#4 T472 ¢ Si-Ru FA DN 21 Ph,HSI(OH) BBisT 5 Z &Ik > TERLLBDEZZ 50D

(3EEHR) . .

AFA MERA-pu- D TF N2 ) VK da DL —TFIVERERBOZUETTNIFATAET & T/ -
Y5 R [CpRu(u=-H)],(u-n%n?-H,SiEt,) (5a) & & bITBES A HEM2 DL bIMLT FS L R Rk 1
PESNIe JORBTHIAZLOIFVERE FoF v BcERane. E2u- ) U v EROARITEA S

(40) Yoshida, S.; Takao, T.; Suzuki, H. unpublished results.
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28 28NTZULTRSERY FEGEVE For 3 VHORIE

: e niitotee FAREOBRENE Ko+ v BICBRINS LB, £ 0 -Si-H HAOTIHE, Thick K
HKOBETHIRMOLETH S, ERp-2 ) IVEEEK 2 OBGBRSOERD 7 A HLOBRENT VENETH S
42 O 02-Si-HBER FAFLK T 22 VBB TS b IKHENTHE LKL DO EFHENE, 201,
BAZLEDIFIVERE FOF Y RICBRINEN 12D EEZ SN B,
AFA HEBRDT A FLETORBERRIC OB OV TIEEEE ab O T =4 V% CF,C00™ KEZD Z&
1o & > THER LTS (Scheme 2-9)o 0°C EUF Tk b @ MVL FHKIC 1 48D TFA 04 5 & HRA Cp',Ru,-
o (SiPh,),(H)5(CF5CO0) (A) VT 50 RI. HWROBRELFRET LIS I EICLD 41X LD 1 DD 7 2 Z)V3
R EUTEBEL. D DI OCOCE; #01r A RITHA Ui IBARBRIOD ER—u-2 Y L W #1K [CpRu(u-
H)],(u-SiPh,){u-SiPh(OCOCF )} (3g) PR L 7o HT 24 % CF,C00™ KRBT A EIC L - T K HD
o BOANERFY T— MOV TFZT LB L. I5IEHFA U HIBERD v2-Si-H 40BN ENT2o0
o ERY RAKEEUTHML. PHEOTHE A 250 EZER 60D, FlE A KBOTALEFY F— |
PR A BERSERT B2 S0 LD 7 2 SV ED ST 5. DRI A REBES 3 2 EA[EETH Y 11, UG,
BGi NMR AR FIZ & > TEDMEE RE L1,

Ph_Ph [ BPh, Ph Ph CF3C00
H-—Si T

I\ i N
—Filu\("Hleu— —_— -—-—R[ui'"HyRIu—
Ph i‘;; " Ph’Si;:H N

4b-BPh, 4b-cF;co0 H—Si_ _Si >
: \ \
ﬂi//\/ﬁ

Ph OCOCF;
o CF
Si u Ph, Ph 3

/ \ Si-_Si—";

/H.,) \//~I\\ ! Nucleophilic

-i-Ru Ru e -1-Ru; o Ru Displacement

\‘H/ - CoHe |, ‘\s‘l . at Sllicon

o «,H\‘
si 7/ H
ERY

Ph Ph CFs

34 B

Scheme 2-9 HFF U HBEDYT 4 RLETORKEBRREIG

Scheme 2~8 TO OH™ LDRIED Scheme 2-9 & A UBHE (7 o4 Vi — S BORML - 45 FNKEE
BRIE) THEITT DPREIEIEOD, BED & AUBr A% 1T OH &7 2 2 VRO Sn2 BHTHITLT

LHrbDEEZ TS,
U= T VR [Cp'Ru(u-H)] (-0 >-H,SiR,) (5) LDV TIRB 3ETZOM#E - WEH L URIGHIC OV TE
L<ak~ng,

(3 EZepmv ) WS RE N D A E DRI

Ezﬂhyl?wyUW%%Za&CHG3&@ﬁﬁ?ﬂ3@@ﬁ%f?ﬁquTnyyﬁﬁ{KvkaG»y
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VTS LRI & BB BT A RSP OTEHL

2a (eq. 2-17)

(1;~CH)]*CI™ (9) B ST (eq. 2-17) 1A 9 1L 2D Pt —u-A1 VR F Y L= bR [Cp'Ru(u-H) {u-
OC(R)O}, (7) & CHCl, EDRIE, HB0ET F7E KU P 1 & CHCL PRIET IMOHFA L HERYF
$41K [CpRu(u-H),),*Cl™ (6-Cl) DEBA R TARINTSD, They ERA-p-YT 2=V JVEETR 2b & CHCI,
DRIETHAFA VHD qf=7 L— ik 8§ BELNIN. JITh Si-CPh) HADUIMEN, N2 VDR
LIcbDEBZ O D,

(4) H/D EG

Fryzuk 5EKZEFHELT T2#H0 0 V7 LK [Rh(dippe)u-H),] 7WEEIED PhySiH, HEKFU. il
9K Ph,SID, #5425 Z &AM SN LTL 52, APRTHONI ER-pu-V T 2 =V Y VA 2b HERTT
Ph,SiD, ERIE LSOO, MAKHE F TR L Ru-H & Si-D QT H/D ZRERITC EDHH ST
ot

46K 2b &BFEE D Ph,SID, (10 equiv) ZEHE L7 NMR F2—7 AT 10 FRREMHALIE 25 2b IKED
CEFY RO P Fmidiik Uy b Vi PhSH, LU Ph,SIHD @ Si-H DY 7 LA 6 5.08 fHLiCBHAS
N1z (eq. 2-18)0

Ph Ph Ph _Ph
H——Sl D—Si D
¢< /\l\/? LU ¢< |/ \lb
_ Hu Ruy-— —Rumm [» Ru—-
I/
D—Sl\
PH “Ph
2b 2b-d, (eq. 2-18)

Ph,SiD,, {715 F T4k 2b OB MALT b BARERN THS ERA-pu- Y L V53K 3b 1 4 % BELD
B LTSt ¥ VEMAT. 2b OEEOHEEE Uk NMR F 2 —7 BCREHCNB LI E D5 3b £ 40 %
REAER LT, o Ty Ph,SiH, DY 3b DEREMH LTO S0, $501 30 ZARLL TSI ENT
HINhb,

CHAERERT BB ER-u-Y 7 2 =V ) L K 3b & 2 HED Ph,SiH, ZHE LT NMR Fa—7 T
MU ETA (90 °C, 4 h). #HA 3b HUKFEAL I 2b AT B LD ST 5 72 (conv. 50 Fo)o T DBLIG
TH PhSIH, ATKEE LT - TV D EHAATSS, TOT Ehb 2AF0 PhSH, FELOICRIL, VY5
Ph,HSSiHPh, PHRICH IS 5 &0 IS > T 3b DRFALERIIT H JEATTSE % (Scheme 2-10)
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2% 2BNTIULTIIERY FRGKEVE Foy S VHORIG

KIE% "HNMR 2O TEH UL 2A, EZA—pu-v VIV 2b OERE L HIT 6591 K 1,1,22-7 5
22 NWIY T VO Si-H YT HVBRE NI, B OBV 2b / PhHSISIHPh, = 1:0.25 THo72. b L.
3b OKEILAD Scheme 2-10 1R LI TEITT 5 £7hE, 20K 1: 110239 THB. REMTIIK
(L1t Scheme 2-10 1R LA BB G, #ODORBTEN TS bOEEZA TS, T, VU5 UHERLT
WEIEND, EHNTED BNV T Y OBKEA v TN VTR > THAEBDEZLSND,

Ph Ph Ph,SiD, Ph Ph Ph Ph
H—Si D—Sl H D—Si
[/ \ |/ \l
_Ru.....H.....nu_ —Ru H Ru— —_ u H Ru —Ru 1 Do Ru-—
IN
o ' T
Ph™ Ph R Ph,DSiSiDPh;
2b 3 2b-d, ] 2b-dg
thsmz\{ /
Ph Ph Ph_Ph Ph_Ph
H—Si H H—Si H H—Si H
VAN /N1 Y ] W
——RuwwHmwRU—- ———  {-RuzHmRu—- A,
/ | l o~ | ; D—Si,
PhZSI-—D H_SL PhSi H—Si-pp Ph,SIHD Ph’ Ph
D 2 D Ph
2b-dy

Scheme 2-10 EZ 513 HD TRRICORITHE

UEDRERNS. eq. 2-18 IR U H/D KHRIGHE Ph,SID, D Si-D #EADY 2b OBMERISICL » THEUT

KEBMEAHIIT A Z k- THITLTLABDEZEZ ONAD, JOMOBHEELTRY 5 v ORBRIGHZ

ZBN5H, DF Y. u-SiPh, & Ph,SiH, EORIGIZEY u-Si'Ph, & Ph,SiH, PAERTHENI HDTHS. £
BORIGTIRE KU RESBKRLTHLO0, TRy AZSAFCKBRUTOE00%HFT 5 EIETER
VA, E R VTV ) IV 20 LBBID PhSIH, DRIEE LER—pu-D 7 = = b3 ) V3 2b & BLSiH,
EDFIEA G Uy B85 A ROTBENEI DA E ) DO THNTA L, K Thos bEE L2 NMR
Fa—=7m, $RISH U 100 FFELD Y Z VEROTITE > 12

30 BFREEE 100 °C THMEBALEZ A, DTIOHAHITO ER—p— Y IVEEK 2a, 2b ICHEKT 52 7V 50 %
BERD L. Kb IZ BAKEREOE Z—u- Y VISR 2e ILE D V7 FUDBIRIZNG (eq. 2-19). P2y 2b &
E1,SiH, &OKIEOBICE PhSiH, DKL T 5 I &A% 'H NMR BN S o &8 o7 JORREBEE
ARORIIERL  TWA I EARWINTR LTO A0, TOEILFEE H/D KRGS LB EFEL B, TE-Ts
H/D SRIEA~D [ ) VM ] OFE5EFFITNS DD EE DN,

B

—Sl :
‘¢< I/ \I b» EtoSiH; _¢%Ru llllll » Ru—b’ PhySiHy ‘¢_<_ I/H\Rlu%—
|\ / I\ /

2
2b 2e 2 (eq. 2-19)
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3F p-U7 VBEROLSERETORE L LURICH

38 p->3 VEEEROEREFOHEE LURBHE

181 #E

 2ETH2HONTZULT FFE R FEMA CpRu(u-H),RuCp' (1) £ 24 FD2#H Y5 V8 R,SiH, LDK
JEIC & D B R —p- ¥ Y VR [Cp'Ru(u-n>-HSIR)],(u-H)(H) 2) DKL & HIZH#K 2 © n>-Si-H Ha0®AL
T 5 ZEE > TER-u-v ) b v 51K [CpRu(u-SiR,)(u-H)], 3) LN BT LA RNTE I, Zho—
- HORIETIR 2 DOEBPRUAMRMIC 2R T D200 Si-H R EEEL TN BT & $14bD Bimetallic

 pctivation BT 27T EEMBINCT B ENTER, UL REOTMBMARET S L1, £, TIT
Fot, IAFROYI UHEDLS AR AT E0D, SHILEDLHITUT u-v Y BRI R X
haHE ERKREOEEMEIN TS,

. R?. RZ
H—H RoSiH, H—SI—H H~--Sij T
i
1

= o= LN
M M M

M M -H M
Bimetallic Activation

R,

H Si H
= 1/ \l
M M

2ETHEXI LI E-H #6 (€ = H, C, Si) OBALH AL 3 O HEEAZR TEITTHEEZZ 6NTN DL,
E-H #& OB MO BH ORI L o(B-H) #4840 2¢ FF—LLTORMETHY. FORIZEEFLNOEF
DFHEEZITH I LI > T E-H HADPIMEIN G, BHISRE YT v EORISTIE Si-H #AH n>-B L7
(27 V80 OREAERTBILONIIOETTAILERY, ¥ T V#KRIBANNMOE—RIE 2T T O &
REFTELdTES,

R,
- Si
. PN

’ ~
4 ~

H Lnl\'ll l\lIILn
(a) (b}

() BEO LS V8 (b) 280 u-5 Vi

SHSERDE G DEMOD [V 7 8K ITHST S L5 BHRTRMENAE TAHRIBONTHIR, £0
BlEsEmicdrin, £EOHLORAERITOOLTHUCHAN, 2ORISHER NI EHHLOEORE
DEWABRE RO L, SORMERICEZRET A LTHLEETHOBREFOIELBDNE, 251 il
DORIIBE. 2HH DI SRR LTI BIEEAIE £ 2 108 A TORB ORI IS OV TR I W T
BT, FLERRALADEE BINTNS EBDND, Graham HEVE FO YT & Loy AAVEZ Lk

(1) Crabtree, R. H. Angew. Chem. Int. Ed. Engl 1993, 32, 789 and cited references therein.
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ARV = LSRIC & BE Y 1 RICEYOREHAL

Re,(CO),y DHRIIGITL - T -7 V3 Rey(CO)y(u—n"n?-H,SiR;) (R = Me, Ph) Z &L (eq. 3-1)%, %
o FREBEMERETT A7 A VEROSEBBREINTHAEY (eq. 3-2)P. LITNODOHHH T OMERXHE
BSRITEI & - THRAINTE ST, ANENET -7 00 2 BF 3 POHAOFEMEN SN THLIGAE]
e

R H
H/ \
RoSity / v \/ \
[Rex(CO)iol ——g5——> OC—Re Re
o | o7 |
0
[ o]
o o (eq. 3-1)
Ph Ph
o] (o]
o] (o
oc,, | H., l .CO PhySiH, / 0\/ «c©
Mn Mn % 0OC— Mn Mn——'CO
ST 5" | oo |
PhP ph2 thp\/ Phy (eq. 3-2)

2T v ELTEGVEREEET S Vtert-7 TV 7 v Bu,SiH, #H&E & UTHWICEAIKIE Y 7 O/
fid 143 FAE XA, B = Y VSR D DA T & S F# R - 7o 8 /) —u-2 7 V38R [Cp'Ru-
(u-H)],(u—n*n>-H,Si'Bu,) (5¢) BE 55 EEROI Ui, ARETH 2HHK ETOERDEHAL, ©WhWws
Bimetallic Activation =W TOHIBAB LI LB u-> 7 VRO BRIGHIS OO TR L1

2/ u-o3 VEEDEK

7 M5k KU F#& CpRu(u-H),RuCp' (1) & 1.5 BED Y —tert-7 F)V 7 v 'Bu,SiH, DRIGH 4 FigiEe
THET U BEEEMNICE ) —u-v 7 V8 [CpRu(u-H)],(u-n*n*-H,SiBu,) (5¢) DEOMIERIME ST (eq. 3-
3o p- T VK Sc S KISH UTHEBHEETHD #7L70% b 57 4 —2ROTHERT L ENT
X7z (89 % yield)s 'H, PC, ¥Si NMR B LT IR ARSIV S eI A S0 THA 5c 2R LT,

FETHE L7880k 5¢ @ TH NMR A7 MVIZIE Cp D V7 F)U8 § 1.89 12, '‘Bu #£D V7 FIU § 1.11
1. ERNY ROV FUPIELEE -7 L LT 8 -11.12 KBl &7z, Figure 3-1 1R LARICIRE A 'H NMR
REAT 2 E10 % DSIE Sc DBIBRARIET 52 EA7TE . K Se DD L K KOV FME5RT

b

‘Bu 'Bu
~ /
H/SI\H
// \\ 1.5 eq 'Bu,SiH, | \[
- Lo Ru—Ru
\\/: P
k WNH /
5c (eqg. 3-3)

(2) (a) Hoyano, . K.; Elder, M.; Graham, W. A. G. J. Am. Chem. Soc. 1969, 91, 4568. (b) Carrefio, R.; Ruiz, M. A ; Jeannin, Y.; Philoche—
Levisalles, M. J. Chem. Soc., Chem. Commun. 1990, 15.
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3E u-v7 VBRORELEOWEB LURICH

 GEECEEINI, SAUEE FY FORRE NMR ©F 1 LR — U X TEO b 2 TBED B 47T

: 1   4.70 %; JSl 0= 75 Hz)o 2ETH~ILIK IPsi & 1H

k .i%'ft‘c"ﬂt%%&‘%ﬁifoﬂ%o BEREA T TO I > TE=ZRIBIAICAD, 60 °C TE—7 OE S ER/N
o o tie 120 °C TRE LI ANRT FIVTHE FURDYTFNEZARDENE—-7ELT 8 -6.15 & -16.63

BRI hIs o 5
9Dk FY KOE—7 05 BEREHN (6 -6.15) i 1075;\10
FHIIE—7 D% PSi EOAE AL BT 7T N )xﬁia/\j,

£ FE—7BBE SN (Figure 3-2; *°Si abundance

oAy T U TERIT Si-H HOE# S 2EF 3P ’
DBAOTAEEHIT BEELE LTHL 5RTL 25, o mﬁ%%ﬁ;“”
s iy

CChETI ML Si-H BAD Iy & LTHE

 SNTOREIE 20 - 140 H THD . T ORERILL ) R
TWHEWY T 2D Jg (- 200 Hz) & A F k&M b "
AU ORI A BN FY K3 ) Ve ©
Yg gy (<20 Hz) OBDELIE > T 5B, fE-Ts 6
a5 KEMIENK Jsu=T5Hz DL FY FDY 7
VE2ET 3P0 Ru-H-Si #HAEEELTHAERY ] JL -
FH, I 9 -16.63 IKBAI N 7 FVELTZT L 46 8 -0 12 -1a 16 18’
MICBEL T E R K H, KRB LR, Shsco oo f;_ u:)a(;f:E%C;:Ig::m;i::?f;
ERY R PV OREFFIEISFAO Ru-H-Si & kKU KSR (500 MHz, toluene—dy THF—
 Ru-H-Ru EDETOER site-cxchange 1CL5 D dg); (A) 60 "C (B) -50 "C (c) -60 "C (D)

EEZ NG, Y PP VOBEEIN Kb -120°C

RAREMETOENEROE MRV F—DEILH 8.5 Keal/mol TH -7,

R Sc O tert-7FNVEDOT O Y (6 1.11) RS UAOSBEIE L7z 2SI NMR A7 R VITH 5¢ DRSS A
ROV T FVIN§ 75515342 He DAy 7 ) VIV BEAAT A HERE UTHBR SN (Figure 3-3) JITH
BahicAy 7)o JEIE. 120 °C TO TH NMR A7 MV TRONIH FIA4 FE=2DHD (Jg =75
Hz) O¥PERDETH S, THRERTH2EHOL NY FAZER(RBRLTH DD, £hFhDE FIY FED
Ny T TREASFEAIh TRESNIEREEL 6N,

FOL 2 BTN LD 1 E R VAR 2 D PR L7 Si-H EADMEEII non-classical 75 £

(3) Schubert, U. Adv. Organomet. Chem. 1990, 30, 151 and cited references therein.
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TN MBI L B AR T BRI OERL

Js_i'if 34.2 Hz
. *
(ppm . _ . i i (Pp'm)
.sr.a | -s'.o ' 6.2 6.4 ' ' -16.4 -u's.s i} -16.8 470 76.5 76.0 75.5 75.0 74.5
Figure 3-2 -120 'C THE LT u-+5 vk 5¢ O 'H Figure 3-3 u-35 Vi 5¢c ® B®SiNMR X
NMRZRYZ MDD E FY ROV T FIVDIEK ~T M (toluene-d,, 99 MHz)

B (@ ®Si¥F54 rE—4)

FY RELF (n-H, ligand)* 7 TRT 1 » 77 C-H #E DHAE LM, BALL THALSDIHRTRE
CIEMEY 7 M5, 81K 5¢ D IR ART MUIBWLTHER—pu-2 JIVEEIK 2 DAL AL 2E T 3P4
W EED CRIRTEBIAY 1790 em ™! IZEIHI I N7 (Figure 3-4, A)e BALL THEW Si-H #6 DM HEIRE v(Si-H)
DIFIF— (ca. 2100 em™) EHARTRE (ERBEMANEY 7 M LUTO A, Iy A REKKHOFEAHEOM
HEAERDTE > THB1cHTH 5. Figure 3-4 O BITRUILE FY FERTEKRICER L Sc-d, DART b
VT 1790 em ™! OFIUEHEA L. KD D IZ 1280 cm™ IZ v(Ru-D-Si) 1ZED R HiR Uic, J O
RSB K IRBCAL U7c B B Y RO MRS, 4o RRA L THE L Si-H EOMEREICL 5D E5ELK
REITAIENTE, AMAY 7 MPBRISNAZZ ED S D 1790 em™ DIRL/Z RN 2 B T 3 b Ru-H-Si #
BIETDHOTH D EfEHR Ui,

Figure 3-4 @ CIZIZANRY MV A & B DEANRY pVER LIS, v(Ru-H-Si) / v(Ru-D-Si) DAL T
ME-EDERBIENTE S, Fho. THUSNCH H-Si-H BMOEAREICE S C BN 2RO R bk
7 MbEEIIN . SH-SI-H) IKRBINS E— 7 D ORI E UT 1050 em™ IKERIE H, 351
SEAETATET D 2 EI £ D ZOWINE 760 cm™t NEDT b Ukt HUSH Ly B LT Bu,SH, @ H-

(4) See, for example: (a) Kubas, G. J.; Ryan, R. R,; Swanson, B. L; Vergamini, P. I.; Wasserman, I. I. J. Am. Chem. Soc. 1984, 106, 451. (b)
Kubas, G. J,; Ryan, R. R.; Wrobleski, D. A. J. Am. Chem. Soc. 1986, 108, 1339. (c} Wasserman, H. I.; Kubas, G, J,; Ryan, R. R. J. Am. Chem.
Soc. 1986, 108, 2294, (d) Kubas, G. J.; Unkefer, C. I.; Swanson, B. L; Fukushima, E. J. Am. Chem. Soc. 1986, 108, 7000. (¢) Kubas, G. I;
Ryan, R. R.; Unkefer, C. I. J. Am. Chem. Soc. 1987, 109, 8113. (f) Kubas, G. I.; Burns, C. J.; Khalsa, G. R. K.; Sluys, L. S. V,; Kiss, G.; Hoff,
C. D. Organometallics 1992, 11, 3390. (g) Crabtree, R. H.; Lavin, M.; Bonneviot, L. J. Am. Chem. Soc. 1986, 108, 4032. (h) Hamilton, D. G,
Crabtree, R. H. J. Am. Chem. Soc. 1988, 110, 4126. (i) Upmacis, R. K.; Gadd, G. E.; Poliakoff, M.; Simpson, M. B.; Tumer, J. J.; Whyman, R;
Simpson, A. F. J. Chem. Soc., Chem. Commun. 1985, 27. (j) Kim, Y.; Deng, H.; Meck, D. W.; Wojcicki, A. J. Am. Chem. Soc. 1990, 112,
2798. (k) Morris, R. H.; Sawyer, J. F.; Shiralian, M.; Zubkowski, I. D. J. Am. Chem. Soc. 1985, 107, 5581. (1) Bautista, M.; Earl, K. A.; Morris,
R. H,; Sella, A. J. Am. Chem. Soc. 1987, 109, 3780.(m) Ricci, J. S.; Koetzle, T. F.; Bautista, M. T.; Hofstede, T. M.; Morris, R. H.; Sawyer, .
F. I Am. Chem. Soc. 1989, 111, 8823. (n) Conroy-Lewis, F. M.; Simpson, S. J. Chem. Soc., Chem. Commun. 1987, 1675. (o) Hampton, C.;
Cullen, W. R_; James, B. R. J. Am. Chem. Soc. 1988, 110, 6918. (p) Arliguie, T.; Chaudret, B. J. Chem. Soc., Chem. Commun. 1989, 155. ()
Chinn, M. S.; Heinekey, D. M. J. Am. Chem. Soc. 1990, 112, 5166. (r) Bianchini, C.; Mealli, C.; Peruzzini, M.; Zanobini, F. J. Am. Chem. Soc.
1987, 109, 5548.

(S) Brookhart, M.; Green, M. L. H. J. Organomet. Chem. 1983, 250, 395 and references cited therein.
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3T p-U T VBROEE L COWE B LURIG]

100 ~ 200 em ™ FEIEMEM (928, 851 cm™)® (HLAI
xNB. BT HIEITLD §H-Si-H) i v(Si-H)
LiHIcEBEE YT NUTOAD, |BICRATAZ &
12 &b £ H-Si-H DEZLI Wil it AHRTHO T
FNF-DERLUIDEELZ 6N S,

1 ThBENI LI, 2|V T ¥ Dp-n2in 2Bl M
BoETR2HLIEREINTHE L, UL, 0T (B)N'\
NOBA bLFHLT — FIEDNTZ OHE DG
SNTVBRITHY . XBMERITIC LY -V 5 e
BENE- &0 ERERINIHNER 0, 8BE5c o0
CCHXBEERIT AT ) KR RFARESHBOAT,
R OMEERANCEE BT ERTE b o U
L. FEOSHE TN Sc HOEFRIE R 5

CIERTE, ZDHER. Vtert-TFTNY T N u- |
nin-RI LT3 2 EDHERTE T (Figure 3-5)7 F ﬁmww VW'
BRBETIR S B, BAD T D Ok R |
HUICHERA I Bu,SiH, O p-n>m B2 XFFT 5
400030002600 1500 7000 500

Gi-H OEMED OH-Si-H) Wik Sc DbDITH~ M
oy

v{Ru-H-Si)
1790 cm™!

&(H-~Si-H)
1050 cm™!

§(D-Si-D)

760 em™

DThH5H,
W L EBRIE A REDHERE 2.51(1) A TH Y. €m™)

- X Figure 3-4 (A) u-> 5 V#1 [Cp'Ruu-H)l,u-n% 22
L A Pa ot : Ik AN

CINETICHEINTLS Ru-Si BEAOHE H,S1BU,) (5¢) @ IR ZRY ML (8) ik

Sc-d, D IR AT b (C) A/ B DEZR

RY MV (KBr/cm™)

(6) IR spectra of ‘Bu,SiH, and ‘Bu,SiD, was measured. Stretching vibration of Si-H bonds was observed at 2116 cm™ while that of Si-D
bonds was observed at 1533 em . Absorptions assignable to G(E-Si'Bu,-H) appeared at 928 and 851 cm™', which showed red shift by
deuteration toward at 677 and S69 cm™}, respectively. Assignments of these absorption to deformation bands are followed by Kniseley, R. N.;
Fassel, V. A; Conrad, E. E. Spectrachim. Acta. 1959, 651, )

(7) The u-silane complex 5¢ was crystallized from pentane at -20 *C in the orthorhombic system, space group Ama2, with a = 17.832(5) Ab
= 19.780(7) 1°\, ¢ = 8.674(3) A and Z = 4. Intensity data were collected at 23 “C on a Rigaku AFCSR diffractometer with graphite~mono—
chromated Mo—Ka radiation 6.0° < 26 < 50.0° range. The intensities of the collected data were somewhat weak, and the quality of the data
Was not sufficiently good because the crystal gradually decomposed during data collection. The structure was solved by Patteson Methods and
tefined by a full-matrix least-squares technique. The current R value is 0.067 for 2804 independent reflections with Fy, > 5o (F,;). Preliminary
Tesults of X—ray diffraction studies of 5¢ show existence of a single silicon bridge. Bond lengths and angles of the core of S¢ composed by two
Ru atoms and i atom are as follows: Ru-Si = 2.51(1) A, Ru-Ru = 2.755(5) &; Ru-Si-Ru = 66.6(4)°, Ru-Ru-Si = 56.7(2)’.
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THIVT S DERIL L DERT A REMOERA

(2.288(11) ~ 2.507(8) A)® ICHXTP P&
HoTnh, Ffo, Kk 5c & PhSiHy EORIG i
TE SN E R ) VR [Cp'Rul,(u-n2-

HSi'Bu,)(u~n>~-HSiPhH)(u-H)(H) (2g) D Ru-

Si'Bu, O o-#A M (2.375(1) A; Table 3-4) X

LHETAE 014 ABRCL - T0WD I END -

NBs VT ARIOERE 2.755(5) A TH Y. Cé; /W
WF o L =T oy KBRS & ZEEAD Y it >C“‘
BEOHTH D, Fho. JOHKIC 18 Bl TN

BHTHIE Ru=Ru “BERFEEEZH I LICLY
SR 5c WM& 185,

SR Se IBU T Tu-v 7 VECAL] DR
SR ERTERE N - 1o [u-n*n?-H,Si-
Bu,] 1=y OEFHAHERER Sc LRI
WHEEDORIGIE & - TH BN [CPRU(CO)](u-n%n?-H,SiBuy) (10) IKOWTIT) JEHNTEL (Bil) » Ih
2O u-v T VEROREE RE UIRAOATS 5,

Sk 5 AT A T EITL D QMK ETO 2B T VRO IEHLO RO BRI A R T LI Lic s KA
PIETH Sc ODRISHARNT 2 ZEICED 2MEMARIKIMD AT NIz Y T Vv LT A o-#6RER L T
(R, DD u-n?in?-HSIR, BAPBALICHN LT CREEZ RN,

C7*

Cg* Cc8

Figure 3-5 u-v 3 Vi [CpRu-H)u-n*n’~H,SiBu,)
(5¢c) DHFHEIE (preliminary result)

38 u-v S U E—BILRREEORIS

=T VK [CpRu(u-H)] (-1 "n?-H,Si'Bu,) (5¢) & 1 atm D—BLRFEERT 12 RRHESRESES L
LIk u-vT VA [CPRu(CO)],(u-n % -H,Si'Bu,) (10; 43 % based on ‘H NMR) & u->Y )V {4 [Cp'Ru-
(CO,(u~n>~HSi'Bu,)(H) (11; 53 %) DEEWERI (eq. 3-4) TOR FIFIC 5 % BIED [Cp'Ru(COYu-

(8) (a) Straus, D. A; Tilley, T. D.; Rheingold, A. L, Geib, S. I. J. Am. Chem. Soc. 1987, 109, 5872. (b) Straus, D. A.; Zhang, C.; Quimbita,
G. [; Grumbine, S. D.; Heyn, R. H.; Tilley, T. D.; Rheingold, A. L.; Geib, S. J. J. Am. Chem. Soc. 1990, 112, 2673. (c) Campion, B. K
Heyn, R. H.; Tilley, T. D. J. Chem. Soc., Chem. Commun. 1992, 1201. (d) Campion, B. K,; Heyn, R. H.; Tilley, T. D. Organometallics 1992,
11, 3918. (c) Campion, B. K.; Heyn, R. H.; Tilley, T. D.; Rheingold, A. L. J. Am. Chem. Soc. 1993, 115, 5527. (f) Crozat, M. M.; Watkins,
S. F. J. Chem. Soc,, Dalton Trans. 1972, 2512. (g) Einstein, F. W. B;; Jones, T. Inorg. Chem. 1982, 21, 987. () Klein, H-P; Thewalt, U.;
Herrmann, G.; Siiss—-Fink, G.; Moinet, C. J. Organomet. Chem. 1985, 286, 225. (i) Brookes, A.; Howard, J.; Knox, S. A. R.; Riera, V.; Stone,
F. G. A.; Woodward, P..J. Chem. Soc., Chem. Commun. 1973, 727. (j) Edwards, J. D.; Goddard, R.; Knox, S. A. R.; McKinney, R. I.; Stone,
E. G. A.; Woodward, P.J. Chem. Soc., Chem. Commun. 1975, 828. (k) Howard, I.; Woodward, P. J. Chem. Soc., Dalton Trans. 1975, 59. (M
Harris, P. I.; Howard, J. A. K;; Knox, S. A. R.; McKinney, R. I; Phillips, R. P.; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Dalton Trans.
1978, 403. (m) Djurovich, P. I; Carroll, P. I; Berry, D. H. Organometallics 1994, 13, 2551.
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3% u-vI UBEROSRETOUE R LURIGH

CO)J, (19)° PR L T B &0 TH NMR MED S WO ML - 720 eq. 3-4 THONI 2 BHADILE. 10 &
1 HEZEEWARTH Y . BERPTHIEFOBRICEFENFEL TSI &% 'THNMR 2RO THONIT 5 &

NTET,
‘Bu 'Bu 'Bu 'Bu 'Bu ‘Bu
s H /-Si/\ H H— Sl
/\I 1atmofco ‘/ \l l/\
Wit AN S A
' cC C ¢ C
(o] (] (o) (o)
10 11 (€q. 3-4)
Table 3-1 #{k 10 ORRKPEHNT -5 LUERH
(a) Crystal Parameters (b) Data Collection
formula CyHeO,Ru,Si, diffractometer Rigaku AFC-SR
crystal system triclinic radiation Mo-Ka (A = 0.71069 A)
space group Pl monochrometer graphite
a, A 11.020(4) scan type w/26
b, A 17.389(3) 20, 50.0°
o A 8.774(2) scan speed, deg/min 16.0
a, deg 93.23(2) refins collected 5776
B, deg 112.70(2) independent data 5465
y, deg 87.47(3) independent data obsd 4741
¥, A3 1548.1(8)
z 2 (c) Refinement
D e gem® 1.444 R 0.031
temp, C : 23 Ry 0.033
s cm! (Mo—Ka) 10.18 variables 324

RRORMERD S b p-2 7 VK 10 KOV TREZQHEERERD Z ENTE. XREFEILEL > TZ OHE
AT HIEMTE T, MEEBRORESFHT — %% Table 3-1 iICF EHTee BIFEE 23 °C TITWL, BlE L
T=505% 30 UL OREAF MV SR DT U, BEEFET2 207y ABEFOME L KD, 7—

o U IABI & D KEUAOLE TOMEERE L. Full-Matrix B/NBERIC L DR Uic, KEUSNOLTOR

FEEFAICER L. V7F oo MCRM U7z e FY RIS UTIREAMICER Uic, 88K 10 0250k N N2
TFofrEiEsE7 Y ZRICL D RET S I ENTEL, 351K 10 D% Figure 3-6 (T, Table 3-2 ICRFHE
TR S N A AR Ui,

RIREEOL Udo A7 VAR 2V Ru-Ru 8136 UTHOE trans OEEEE - T %, F720 & N FERILT H1, H2
BENZhONT = L e A ZOICEBLT2E T 3PLERAEZEML TS, 87 A% & Rul, Ru2 &D
E%u%n%ngmnuzgnnAf%ato:@@@mk$mﬁéwﬁﬁwﬁﬁmszan~zmn&Af
KREB SO TS ADIBHIEDTH S, 80K 10 RREPETH Y. V72 AT OFEDLE &5 B0,

O @ Davison, A.; McCleverty, J. A.; Wilkinson, G.J. Chem. Soc. 1963, 1133. (b) King, R. B,; Igbal, M. Z.; King Ir. A, D. J. Organomet.
Chem. 1979, 171, 53.
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ClZ

<30

Figure 3-6 u-3 8k [Cp'RU(CO)],(U-n%n2~H,Si'Bu,) (10) DA TFHEE

Table 3-2 -5 V&K 10 OELEFRER A) %58 (Deg)

(a) Bond Lengths (&) (b) Bond Angles (Deg)
Rul — Ru2 2.9637(8) RuZ - Rul - Sil  52.97(3)
Rul - Sil 2.447(1) Ru2 - Sil 2.457(1) Ru2 - Rul - C1  83.6(1)
Rul - H2 1.43(4) Ru2 - H1 1.44(4) Sil -Rul -Ct  92.1(1)
Rul - C1 1.816(4) Ru2 - C2 1.829(4) Sil —Rul -H2  44(1)
Sil - H2 1.75(4) $i1 - H1 1.77(3) Rul - Ru2 - Sil  52.66(3)
Sil - C3 1.961(4) Si1 - C7 1.957(4) Rul -Ru2 - C2  84.8(1)
Cl1 -0t 1.162(5) c2-02 1.153(5) Sil-RuZ-C2  93.6(1)
Rul - Cl1 2.211(4) RuZ - C21 2.201(4) Sil -Ru2 - H1  45(1)
Rul - CI2 2.274(4) Ru2 - €22 2.276(4) Rul - Sil - Ru2  74.38(4)
Rul - CI3 2.350(4) Ru2 - C23 2.345(4) C3 - Sil - C7 107.1(2)
Rul - C14 2.308(4) Ru2 - C24 2.309(4) Rul - C1 - 01 170.7(4)
Rul - C15 2.257(4) Ru2 - €25 2.254(4) Ru2 - C2-02  168.5(4)

Rul-Ru2 FHEE (2.9637(8) A) HINFT TIHEINTI S Ru-Ru HEADEROICHAS L TE Y. 80K
AR I REEXFLTO S, o, sp’ HORETOREAH & UTIHIEN/NEY £ Rul-Sil-Ru2 DFE (74.38-
@) b=y AEOEGHHEEFROFEE B LT B,

X ERMIEER IS Uk ROMEERET A0 ERELHETH D EREVEL . JOBEELTD
57 AR EKROMIHAMOHEFROEAET 5 E/RT S LR TELL, UL 71 FEKEO B (Sii-

(10) (a) Churchili, M. R.; Hollander, F. J.; Huchinson, I. R. Inorg. Chem. 1977. 16, 2655. (b) Nucciarone, D.; Taylor, N. I.; Craty, A. I.;
Tiripicchio, A.; Camellini, M. T.; Sappa, E. Organometallics 1988, 7, 118. (c) Parkins, A. W_; Fischer, E. O.; Huttner, G.; Regler,D. Angew.
Chem. Int. Ed. Engl 1970, 9, 633. (d) Bruce, M. L; Cairns, M. A.; Cox, A.; Green, M.; Smith, M.; Woodward, P. J. Chem. Soc., Chem.
Commun. 1970, 735. (e) Howard, I.; Knox, S. A. R; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1970, 1477. (f) Howard,
I.; Woodward. P. J. Chem. Soc. (4} 1971, 3648.

(11) (a) Coleman, J. M,; Dahl, L. F. J. Am. Chem. Soc. 1967, 89, 542. (b) Stevenson, D. L.; Dahl, L. F. J. Am. Chem. Soc. 1967, 89, 3721. (¢)
Dahl, L. F,; deGil, E. R.; Feltham, R. D.J. Am. Chem. Soc. 1969, 91, 1653. (d) Connelly, N. G.; Dahl, L. F. J. Am. Chem. Soc. 1970, 92, 7470.
(e) Connelly, N. G.; Dahl, L. F. J. Am. Chem. Soc. 1970, 92, 7472.
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H1 = 1.77(3) A, Si1-H2 = 1.75(3) A) WA B A FLAEWOD Si-H MEHE UTHREIh T 51 (1.48 A)1?
LHET B ENEDEC. T 0 -RMNC S > T Si-H HOMEANEE -2l E2ELTWB EELLN S,

1o, BEIN Si-H HEHOHEAIR 2SI NMR AR MVTRoNWA v T v r#BOBY EFBLTE ST
(k) o K 10 ICEB U5 2BA 3PS N p-n2on TN DIF TR B KT 2D TH 5,

S50k 10 & 11 OIRAHD 'HNMR AXRY MUVTH, pu-v 7 V8K 10 1ICHBKT 2 3 KO E— 7 B ZhZ£h 6 1.89
(s, 30H, Cp"), 1.26 (s, 18H, ‘Bu), -13.60 (s, 2H, RuliSi) iKBflS iz, & R FOY 7 FILOMBIZIE #Si LD
Hy TV TIEBETIA ME=I DR oM gy = 24 Hz)o 'Bu £D 70+ ARE LA SRIE L 2Si
NMR A7 MVTHE 10 O ARIZEDC Y7 FINE § 1862 12 24 Hz DA v 7' VTER -1 ZER E
LB SNz, BRIINT Iy (22.4 Hz) 388K 5c Db D (75 Hz) & ENSAETRS -7, ThE
CRBESNTS 2 BF 390 M-Si-H HERO UL A EHORIA TS5,

SR 10 (37 A FE Ru-Ru #EOPEEEL8 % 2RIDEHETS ¢, ML OO0, T ORERNKTHS
11 EHHEOEOMEEZFF DI LA TH NMR D S o & » 7. 8 L IKHERT 270 b OY 7+
HUTIRT & 9T RSB I N ; Cp(d 1.98, 1.73), 'Bu (1.42, 1.41), RuH (6 -11.79, -14.40). &5
12y 2Si EOREVEAIKEBFFI4 FE—Z ERBUOE R FO Y7 HFIb 6 -11.79) i LHABMINT,
iz 11 @ PSi DY 7 F IV 6 168.2 1< doublet-of-doublets & UTHEINI (Jg_y = 31.6, 7.9 Hz)o JHUT y-
V5 U 10 D PSi DY SFIUEZER E L THRbN D & EMIBRTS 5o Jgyy = 31.6 Hz EVHEI 2 BT
IHPLFEAD M-H-Si HEERICHMWBETHILID. bI—HD Jg =79 Hz PRV NILRRETH D,
HoT. B 11 2O 2B F3IFUEEARATS (u-v 508 | TR, 2BEF3POEEE 1oLk
B Tp-2 YNE ] SR THEEEZ GNB, |

XS L DBED I - D ERERAS N E ) -V VB R INE T2 LA, WTFhoBe b
B OKRREBEICEBE L TO A I EPPSMINTI A, Fryzuk S 2HEO D U7 LK [(dippe)Rh(u-H)],
(dippe = 1,2-bis(diisopropylphosphino)ethane) & 1 %4 D Ph,SiH, EDRIGHN 5 - U VIR [(dippe)Rh],(u-n>-
HSiPh,)(u-H) 2AHL TO A0, XBHEERITIC LD Z O#EAY -V VIVEMFEEBE N FEETHI &%
ST LT A1, Fic, Harrod 5 [Cp,Til,(u-n>~HSiPhH)(u-H) DEHFOHEEHF O EAHOMILT
WLHBb SR 11 I DWTH 2 BT 3 FUMEAER BB L T AKELS O E R ROMEBES RFHRETFETRR
BT HIERFTEULD - b, BHEDE I A Fryzyk, Harrod SOERE S LIT. BY OKRRIVTF =Y AMICERS
LTOABOERRIL TS,

u-7 U8R 10 & u- ) VEER 11 EORICITTPENTFIEL. 10 / 11 OHBEFBREILL > TEMALTE I &
b -7, Figure 3-7 ICRESEZ THE LZBAH O THNMR AR MVAERT, 10 /11 DR 30 °C Tt
1.0/13 THAHH 60,110 °C THENEN 1.0/ 1.6, 1.0/ 2.0 £ o7, /oy HFEREE 110 ' C D5 30°C

(12) (a) Wells, A. F. In Structural Inorganic Chemistry; 3rd ed.; Oxford University Press: London, England, 1962, p 696. (b) Baxter, S. G.;
Mislow, K.; Blount, I. F. Tetrahedron 1980, 36, 605. (c) Allemand, J.; Gerdil, R. Cryst. Struct. Comm. 1979, 8, 927.

(13) () Fryzuk, M. D.; Rosenberg, L.; Rettig, S. J. Organometallics 1991, 10, 2537. (b) Aitken, C. T.; Harrod, 1. F.; Samuel, E. J. Am. Chem.
Soc. 1986, 108, 4059.
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Ph Ph

2l Z:j HH [tl
IP%.* R/H/S\ Ipr, S

h RhuR Q/Ti‘,b_ Si// (\j

N
4/? H |P \
Pl’g Pr2 Ph
Fryzuk, M. D. etal.'?® Harrod, J. F. et af %

BN ANTE / —u-2 UV

TS EZORBRIHE 1.0/ 1.3 KRS FEUT

Cp' tBu RuH
Tt 10/ 11 OWEITFA LB EEh 120, Inik ©
30 °C UTF T EM DG LT x NV F—HEL D |
ZohibotcizhEEL oD, HEdE UTHEEL JL
Fo o5 VK 10 R E VICERUIBAIE 1 s A
BRI LA 11 EOFHEHKICET H I E bR LT (B)
THETRSTAEEEEYE Y FEEROB O
M2-H)M = (H),M ZEH U 7 fldE SnTH 5 AR
apbpr | 2 Si-H SRV TRINBYUDTOHTSH M ] L
Z)o 10 1 10
11
(A 11
10 1 11
AR u-v3VEREYT VEEORIE
» N W y y
D ETHAI LI, BOLFEILTF RS E R fo 1o f6 {4 12 410 120 420 0 ta0
}\i"éﬁi Cp'RU(JM”H)4RUCp' (1) Cl: 2 ;’f&‘/ '3 Vs (E@&FL‘\'C Figure 3-7 - s .3 7%% [CpIRU(CO)]Z([J—T\Zlng"
B R~ U VSR [CpRu(u~n>-H,SiR,)](u-H)(H) H,Si'Bu,) (10) & u-¥ ULk [CpRu-

(CON,u-n2-HSi'Buy)u-H) (1) DEEY
DBEFE 'HNMR X7 Rb: (A) 30 'C
(B) 80 "C (C) 110°C

@) BERONI u-v 7 V8K [CpRuu-H)]u-n’m’-
H,SiR,) (5) R ERA-pu- Y IVEEIK 2 2T % B
Rk EZZ oMy u-Y—tert-7 F VY T VK 5c &Y
5 U8R SiH, , EORIETH n’-Si-H #AOBIMMING &) € 2p-o ) VEEHDERT 5 bOEMRFEND.
ZOTHEE U uev T VR Se S b KDY S VEBEQRIGIDOWTRE Uic, SUARMIZES <80 PhSIH; P

ELSIH, EQRIETIR. WINOBE bEARBHO B2 —p-v Y VEE [Cp'Rul,(u-n>~HSi'Bu,)(u~n *~HSiPhH) (1~

H)(H) (2g), [CpRul,(4-—n>~HSiBu,)(u—n>~HSIEH)u-H)H) 2f) 255415 EARNE Uz, TS UK Sc

BRI Bu,SiH, EDKUETRERp-Y—tert-7 F V¥ JVESAD 4 ¢ D SN o T, YT 8K Se

& PhSiH,, Et,SiH, EDRIGIEDNTENS,

(14) (a) Koga, N.; Morokuma, K. The 36th Symposium on Organometallic Chemistry, Japan, Tokyo, 1989; Abstract, PA203. (b) Koga, N.;
Morokuma, K. J. Mol. Struct. 1993, 300, 181. (c) Crabtree, R. H,; Lavin, M. J. Chem. Soc., Chem. Commun. 1985, 1661.
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¥ p-v 7 UHEOERE T OUE B LURITH
(1) 7=y v EORIG

u- 7 VK 5S¢ O MV VIERIZS HEROT 2 =)V 7 v PhSil; ARBTMALED A, QEERESRE
PERIG U BROBREN SHEENEEMA U, RISB2HHEETRT U, AFL7 0287574 — (T

F/NFH V) FRAOTEET S 2L & Y BARERIO E 2y~ ) VEEIR [Cp'Rul(u-n~HSi'Bu,)(u-n>-H-
SiPhH)(u-H)(H) Qg) ZEBEKE UTHEELT (cq. 3-5; 68 % Yield)o CORRETFIEFY Mk 1 &2
BT EEDRIGIZENTE Z—/l— YUNE R 2 D pu-v T VER S BRI THERT S L) T EERRLTH
%o THbbB. u-v 7 K S DERu-V VAR AT ABOTRETH S 2R LTS, Bk Uicik
2¢ 122V TH H, BC, PSi NMR B &V IR AXY MV S TR MBI E DO THE L, 351XV Y
L kit éﬁtwuaa%ﬁl DT X BHEERT E1TL 2g DPMBD E -2 JIVEER EBUOEEHD Z LAY S

&: L/f:- (?(ﬁﬂ_}) 2} tBu tBu

Bu ‘lBu
o H—Si H
/ \| 5 equiv PhSiHy _Rluéﬁthu_
kué_ ~ NN
/ H—Ssi
_ H Ph
5¢ *

(eq. 3-5)
-90°C THEURAEBEDOE A u- VIVEEHK 2¢ @ 'H NMR AR7 PWIHERED 4RO MY FOD
VTFND S -11.64, —12.84, -14.00, ~16.46 IZEHIEI NIz, 2D I H § ~11.64 (Jg g = 26 Hz) & 6 -14.00 (g g

LM OV FAOTIERC I PS EDRE VA LB H T4 N E— s BN, Ay T VI EROK

FAINSINSE2EFIFLHEAEERLTHALE R K Ru-H-Si KRB LI, BOD2D0EL MY Fidgh
FNARAL Lo KU K Ru-H BX PNV TFo o ABICZE LI E FU K Ru-H-Ru {ZRE LT,

Figure 3-8 IZI3851K 2g O & KV FEEOEE A 1HNMR AXT bVERUT, MOEZX—pu-2 ) Vs ik ER
RRIZEA 2g b fluxional TH D, 6 -11.64 & ~12.84 IKBHII WL 7 HIWE -9 ' C TRA L., £V D221
0°C TEIA LY. MIEREE 80 CIlEFTLYTHHLUCHRLIL2RDE -7 (5 -12.30, -15.45) DE#ET 5
LR kD, 40D R KOG TRTERLLAS I SR A Y VBB %E (Spin Saturation Transfer
Experiment) 10X VHERT A ENTEI, BT 6 -1545 KRN V7PV EBHTLILICED §-1230 O
YT FIVDEEDRE 50 % FRA U, JORRILEERK 28 1IZES E N RO site-exchange DD NMR @
FA LA —VIEHANTEOIEZLE LTS, Eho, 8 1230 DY 7 FIVE RS U THRKIHERONE S i,

HR 2g OBMEFIE FY R TRL op ZO VT FIMZD0THERIZI N, -90 °C Tk ¢p £O V7
FINE§1.93 & 6 1.66 12 2KDENE—7 & UTHEMICBR I nich BIERED EFITHEOEIKCEY . 28
"CTRA LT €p EO VS FIVOEE DS KD BRI R VE - AG' 13 115 Keal/mol TH Y. Thid2
ED Table 2-3 17 LI ABD £ R~y ) V4 RD Hydride Migration Path Db D & HF—HT %, UL, BE
BT Figure 3-8 IR L £ RY Ko /P AVORBESBRICENT S J LR TEEL,

IR 2g 13450 & Y NEMFLSMT BEEY A FEICEM L TOEL Si-H(terminal) 287 % (9 6.30,Jg_y
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(D) (A) (B)
) t . _ NW\ | _

© , N
M”%ﬂ

\‘5
Transmittance (%)
<‘.\§
//
‘\S
2
2
(‘_—————é
AN

(B)
v(Ru-H) v(Ru-H-Si) /
{A)
’ | v(Si-H) k v(Si-H)
PEEWE EWHWY FRTEN . . . : { aasleaaa] :
- ; - ; . 3500 3000 2500 2000 .1500 2100 2050 2000 1980
A0 420 -13.0 40 450 80 170 (em) (cm™)
(ppm)
Figure 3-8 RARBIOE Z-u-+ ULk 2g DEET Figure 3-9 (A) BEEEHOER u-L ik 2g O
Z 'HNMR ZRZ7 MO E FY F§EE . (A) IR ZRZ bl (B) v(Ru-H) & v(Si-H)
-90°C(B)-9°C(C)20°C (D) 80°C OFEFEOIEXE (KBr, cm™)

=172Hz)s & NI ROV T FNERSH LTS Si-H V7PV OBERIEALES, % ->TE FY F& Si-H (terminal)
RERBLUTOARNSDEZZ SN5, ZORHE, FF MO site-exchange 121E Si-H & Ru-H OHOKHITSEN
TWENT EDBE ST 5 T2,

2ODNT T LELODTARITL > THERIN S 8 2g OPOEMINT 7 T HEEFH DD Bu £D
YT FIVIIHEMEE -2 EUTBR SN (6 1.24, 1.05)e EZ-u-2 Y IVEKRTH Cp BOBREROZE S Z1Y
LIDICBEEr A RLED axial LOBHREDHN equatorial 1D bD I NGHBITEM I ML EEHODITL
e (28R TORRICHEIE 6 1.24 KBRAI N D% axial 10 'Bu £ERE L,

Figure 3-9 IZI385K 2g @ IR A7 PIVEFR U7z, 2054 em™ & 2036 em™ 12 2 DO S ORI EIH X7z,
IDIB. 2054 em™ DY a V¥ —E—7 % v(Ru-H) iKRBL. EXopu-VTF VYV 2a, ER-p-P 7«
ZI U OVEER 2b ORIRECHL L7k Y FOMERIRENZZh Zh 2066,> 2084 cm™ IZBIHIZI LTS (2EBK;
Table 2-4) 5 2036 cm™ IZEHNIHERBEOBAUIZEE T 1 F L0 Si-H A OMKERBICRETE S (of Table
2-5) Fioo INS 2 OOWRLISNI. n2-Si-H A OMERBOMELARINE LT 1813 em™ & 1613 em™ I
Bz,

[Cp'Rul,(u-n2-HSi'Bu,)(u-n>-HSIiPhH)(u-H)(H) Qg) ORE, U5 VBRI S &I EESAHNT
XEEERIT T ) J LR DK 2g DBERHOIMNIT A ENTE T, MELEL SRS T— 4 %
Table 3-3 ILE &WT, 23 °C THFT -4 2ED, MELLT—=F D) b 30 ULOBRER RO IREE
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TN Uico BEHEET 2 o007 20 LFEFOMUERKD, 7— 1) ZEBICL DKRUN OREFDAEAIRE L.
Full-Matrix S/NEFEICIOEEL U, KEUNDOLTORFREIFENRM L, M7=y AL e F
Y NICB L TIREARICRR UL, 5k 2g DE MY FOEIRAET —) D SKD T, Figure 3-10 (IHEE1A 2¢

D4 FHEER . Table 3-4 I ELF-FRIERZ SN EAERLL.
Table 3-3 #ik 29 DRBEMT— 9 LMERH

(a) Crystal Parameters (b) Data Collection
formula ' Cy4HegRu,Siy diffractometer Rigaku AFC-5R
crystal system monoclinic radiation Mo-Ka (» = 0.71069 A)
space group P2/, monochrometer graphite
a, A 10.484(1) scan type w/20
b, A 18.147(3) 20, C 5507
e, A 18.704(2) scan speed, deg/min ~ 16.0
a, deg refins collected 8524
B, deg 97.68(1) independent data 8098
y, deg independent data obsd 5649
v, A3 3526.6(8)
Z 4 (c) Refinement
D yoq Fem® 1366 R 0.031
temp, *C 23 Ry, 0.026
i em! (Mo—Ka) 9.26 variables 363
o <3
CS 2

C3t

!

% \:
& a ;
\O o — 2.9761(4) —Ru,
g

]

[}

:

!
Sip---- H,

€33

Figure 3-10 BAZEEROE R—yu- ¥ UMK [Cp'Rulyu~-n?-HSi'Bu,) (u-n2-HSIPhH) (u-H)(H) (2g) DS FHE

CETRUMBDE Z-p- VR IR E RIRICHEIAR 28 O Ru,Si, 37 bITHUA - 12 UAR. W3R Y 75
ABE LTI ERDIOD ., ERATZIh—h A FRESSHEETHHI 00 Ru2 LT2EF 3 PlsE4L
DEEINTOE O LR LI, TIZAT 4 v 778 Ru2-Sil #& DS (2.438(1) A) 13 Rul-Sil o-H4 D #
(23003) A) £V H# 0.14 A BIHOTH Y. T/ Ru2-Si2 FIOHHE (2.6751) A) iF Rul-Si2 (2.375(1) A) Kk
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Table 3-4 BAEEBHOE R - U LK 29 DT LETFREYS A) L&ESH (Deg)?

(a) Bond Lengths (A) (b) Bond Angles (Deg)
Rul - Ru2 2.9761(4) Ru2 - §il 2.438(1) CP1 - Rul - Ru2 146.9
Rul - Sil 2.300(1) Ru2 - Si2 2.675(1) CP2 - Ru2 —~ Rul 134.3
Rul - Si2 2.375(1) Ru? - H1 1.76(3) Sil - Rul - Si2 94.80(4)
Rul - H1 1.73(3) Ru? - H3 1.64(3) Sil - Ru2 - Si2 84.50(3)
Rul - H2 1.43(3) Ru2 - H4 1.64(3) Rul - Sil - Ru2 77.76(3)
Sil - H3 1.89(3) Si2 - 114 1.77(3) Rul - Sil1 - HS 106(1)
Sil - HS 1.50(3) Si2 - C7 1.951(4) Rul - 8il - C1 126.1(1)
Sil - C1 1.902(4) Si2 - C11 1.944(4) C1-Sil - H5 95(1)
Rul - C135 2.254(4) Ru2 - C25 2.216(4) Rul - Si2 - Ru2 71.94(3)
Rul - C16 2.199(4) Ru2 - C26 2.178(4) Rul - Si2 - C7 120.0(1)
Rul - C17 2.216(4) Ru2 - C27 2.182(4) Rul - Si2 - C11 118.9(3)
Rul - C18 2.333(4) Ru2 - C28 2.256(4) C7 -8i2 - C11 109.7(2)
Rul - C19 2.320(4) Ru2 - C29 2.280(4)

® CP1 and CP2 are the centroids of the CsMc, ligands.

~# 030 A F2EEL . Ru-Si o-#54 (Rul-Sil, Rul-Si2) OEEHIME & b I NFE TICHREINT S Ru-Si #
HEEDEMOBRANNC B ST - T, 2BT 3 POEEORFHEMICERTS L. Bu BEHTHT MK si2 &
Ru2 DEEEEMN 2.675(1) A THAHD I L. Ru2-Si1 OBl 2.438(1) A L 2B 3POFEA L LTRMEDE
ZEDODB, BIK 20 PRECFALHEEAF > TOADIE 90 °C THE L7 THNMR AN7 M INZHNT 2
FEED Jg_y (26, 49 Hz) DB I N, F/2 IR AR PN 2FHD v(Ru-H-Si) (1813, 1613 em™) "R 5N 5
FEELLCBLUTOS, . EX-p=Y2F )V V) VK 2a O n2-Si-H HEAOHBE (av. 256 A) EHELT
ABHE, 2a & 2g TREFOBHDPAE (L S>TORIEDN DS, 2BF IPLHEEE 2 ODOMBORKEEL
Telih . BRICRD Ru2-Si2 MERE TR L 220#ED) 5 Si-H A 2 FF—E LTHOTHS A
DEEGINAZVFER EEZ D ENTE, R Ru2-Sil Ru-H-Si #AlEE K F=2 ULVED B OFEHK
SRR EZELOND,

H——-——Sl H—-——Sl

SN — 1N,

A B

#51K 2g O Cp' BALT-1E Rul-Ru2 #IZBAL T Si2 Mo @I DA > T A ZED D5 (Figure 3-
11a)e F 72« Figure 3-11b (TR UFHRIC Si1 D 7 = =)V equatorial M T < 3FHD axial (L% L) T
LI ERbING, THIT cis B2 U2 2 D0 &R Cp' BOFEIZELY equatorial {14 axial {id § & VKR
BAH->THAEHEEDbNS,
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(2) V= FINT Y EDRG (A) C7 (‘Bu-axial)

u-v 7 VEE 5e & ELSiH, EDRIETHE p-
2?~HSiBu, & u-n’-HSiEt, BRALTEHT 5 EA
CmERID B A-p- Y VIVERDEON D Z EDT H5
manitt. AR E LTRSS ORIRER Ru1
B Y Y VR TIE S - 7o Si-Clethyl) #5560

C11 ('‘Bu-equatorial)

 GWOHE. ERLLEELSND [CPRuLu-  (B) -
2-HSi'Bu,)(u-n>~HSiEtH)(u-H)(H) (2f) T
H o1 (eq. 3-6) 51K 5c & Et,SiH, SI3EHR ¢ Ruz”
THEBET. RIGCEMBEE Ui, #E Lk
NMR F 2 —7 W T 20 52D EL,SiH, %M Z
100 "CITMBEA LI & T AL 2 R TRIGIE#
T UBEOBIEN SRR L. K
CRTHOREO 'HNMR FH5E Ui & 2 A% 90
% OWETHE 2 PERL T HI LW o
et BETIESBN, BERBE LTE A
u=PIF Y Y VB [CpRu(u-—n~HSIEL)],(u-
H)(H) 2a) DAEBHHERINT (<5 %) D
RSB D TR BFENL O Si-Clalkyl) #HADYMIRI > 700 ) EThD, EBREEHELALL Si-H
HEDYIMNI DO THEE CHEINTO A0 Si-C HADYIMIT>L T OHEFIE DI b HIT Si-Clalkyl) #
BOUMHIIENTH S (4ZBR) . BAMOTH ORRALT S I LIC LDk 2of ZH# L. 'H, PC, ¥Si NMR
BLW IR, FD-MASS ARY MVBIEL & N TEHRAITC & - T 28 2RE L (RBREBR) .

C11 (‘Bu-equatorial)

C1(Ph) C7 (Bu-axia))

Figure 3-11 (A) Ru-Ru #A@mHoBkHc#E 2g © Ru,Si, 3
75 (B) WARMS QT 7EHS

‘Bu tBu
: 'Bg 'Bu
: H—Si H

I/ \I 20 equiv Et,SiH, '/ AN

u-——R - ——Ruun HyvswRu—

k #/ 120°C I\ ./
H—Si,
H Et
50 2 (eq. 3-6)

[Cp'Rul,(u-n>-HSi'Buy)(u-n -HSIEtH) (u-H)(H) 2f) O, X5 VARG O & LIS BEEREROT
SRR 2f O XBHEERATAAT - oo BUEEM 5 D IRESSFEN 7~ 5 % Table 3-5 K& &o7z, IR 23 °C T
O BE LT~ 8 D55 30 YU LOBERFF OB 2 A OTHN Ulc, BREETZDON T2y AR TOME
ERob, 7~ TARIC S DKEUADLE T OMEEHRE Uy Full-Matrix BT & O BEL Ui, KEDL
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BT 20 LEBRIZ L BT A RLEDOFERA

ADLTOEFIIEERZRER U V72 L KU A RITHEA UrokFICB UTIRREHIICERM Ulc, #ik o
DRI FDOI BT =7 ARIEHEL 72 5D (H2) OB 7 — ) LA ROBBETRET 5 EWTERM, 20
bt K FOMEZRRET S Z EIETELD > 72 Figure 3-12 IZILEK 2f O 455 Table 3-6 11337
R S NS AR &2 U T,

Table 3-5 %k of DREEFHNT -9 LAERMG

(a) Crystal Parameters

(b) Data Coliection

formula CyoHgsRu,Si, diffractometer Rigaku AFC-5R
crystal system orthorhombic radiation Mo-Ka (A = 0.71069 A)
space group Pna?2, monochrometer graphite
a, A 17.064(4) scan type w/20
b, A 11.396(3) 20, 50.0°
¢, A 16.782(3) scan speed, deg/min 16.0
a, deg refins collected 3259
B, deg independent data 3259
y, deg independent data obsd 2570
v, A® 3263(2)
A 4 (c) Refinement
D e gfem’® 1.378 R 0.045
temp, " C 23 Ry 0.045
% cm™! (Mo—Ka) 10.15 variables 306
C9
Et H
\/
- Siy----- |I1
LY \’,} i
?‘? 1
Ru,— 2.977(1) J—Fi:u1
‘?"o 6@?\ '
DN
Sip---- H
'Bu,

Figure 3-12 EEEBYOE Ry~ YLK [Cp'Rul,-n"-HSi'Bu,) u-n2-HSIEtH) (u-H)(H) (2f) DX FiEE
Figure 3-12 {5 UT 85k 2f DI ANRY bV TF— 7 E—HUTH Y . u-HSi'Bu, & u-HSIEH D 2D
DYEINEEFTHHEEEZ LTOA I Ebins ., 88k 2g O 7 x =V EARIC u-HSIEH O T F LT
Cp' ZEEDARNBERIICEDFFAD axial % 5H T 5,
ik 21 DRTOE FY FRETOMEE 7 — ) L AKOBY TRET 5 T L TE I -7, Ru-Si HEHED
SHMTL Rul EREBT7 AFEEOMT2BF 3 DAV IN TS D EEZ . Rul-Sil, Rul-Si2 DA

HEEIE NN 2.414(3), 2.680(3) A ThH - 7oH JHUTH U Ru2-Sil, Ru2-Si2 OHEIZZhZH 2.323(3),
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Table 3-6 RARBUOER -2 U VEE 2f DELETRHER A) LBSH (Deg)

(a) Bond Lengths (A) (b) Bond Angles (Deg)
Rul ~ Ru2 2.977(1) CP1 - Rul -~ Ru2 140.5
Rul - Sil 2.414(4) Ru2 - Si1 2.322(3) CP2 - Ru2 - Rul 149.8
Rul - Si2 2.680(3) Ru2 - Si2 2.365(3) Si1 ~ Rul - Si2 85.2(1)
Rul - H2 179 Ru2 -~ H2 172 Sil - Ru2 - Si2 95.0(1)
Si1 — H1 147 Si2 - C3 1.94(1) Rul - Sil -~ Ru2 77.9(1)
Sit - C1 1.88(1) Si2 - C7 1.94(1) Rul - 8i1 - C1 124.5(5)
Rul - Cl1 2.28(1) Ru2 - C21 2.30(1) Rul - Si1 - H1 104.6
Rul - C12 2.28(1) Ru2 - C22 2.23(1) C1 - Si1 - H1 88.7
Rul - C13 2.22(1) RuZ - C23 2.23(1) Rul - Si2 - Ru2 71.02(9)
Rul - C14 2.15(1) Ru2 - C24 2.26(1) Rul - §i2 - C3 109.6(6)
Rul - C15 2.18(1) Ru2 -~ C25 2.31(1) Rul - S$i2 - C7 120.4(4)

C3-8i2 -C7 ©109.6(6)

2 CP1 and CP2 are the centroids of the C;Meg ligands.

23653) A ThoTze TS BT ITRAT 1 v FHEEMIE Rul-Sil; Rul-Si2 LTEEINTHA ZEEHAT
HO. MBOER-pu- ) M R ERBRICHIROAR B OEETH L Z Edbh 5,

Si-CEAOYM. TEIND u-vF UHEK Sc & ELSH, DRIGOHHEE Scheme 3-1 155 Liz. Scheme 3-1
BT, 8k 2 ZHEKT 5 LT C-H HADYIME, THItki -7 1 ERBRICOEELRE TH L EE 2
oMb, ETVIFINY T UL, KEPETHNLEET S 2 LIl k> THEK A DEKT 5. KEO B
Lo THE URIARFEZED S e DI FEE A O [ V5 VENT ) 13 Si-H #4% C-H #E8% > ThFo
TARICREL B 2525, RIC. B B 2o A FIHUT -ALD C-H ¥ BRDIV T =77 LTB1L,
BRI 52 &0k CPERT 5, C-H HADBILMIEN T I LI L > TATF 2 b A EMEEE L,
TOFRER. Bl EAMOMEMDPEL p-r A HlisE (WoF L) MRID 2 PEKTELDEEZ 505,

ERMICIF L OEBERRT AL TEAD - 1o, ZOBICE O TEERRETHS [ KED C-H
& DYIM (w-C-H Activation) | & (-4 A FRisE] CIiO0TRTTIREHDSH D . Scheme 3-1 DR
EXRHELTO S,

Scheme 3-1 IZR UZCBELISNC b Si-Et BEADEMEAIZAIN Lo, KRS IRI AT EIck-Th 2f
BB ONBH. Si-Et A OB KIS BAENICSRFTH O Si-H HAOBALOMINEL D b 8%
THCREENH S L) 1Bbh3,

OIS DFFEM I8 Si-H #EA LD EENIZ Si-C BAVYIMINTO24HTH S, EEEEICELTIE,
Si-H # & DYIMICEEL T Si-C #APHAUAIEBED L ARYSI 5T F12 Si-C HADTINO L DET)

(15) See, for example, (a) Foley, P.; Whitesides, G. M. J. Am. Chem. Soc. 1979, 101, 2732. (b) Ibers, 1. A.; DiCosimo, R.; Whitesides, G. M,
Organomerallics 1982, 1, 13. (b) Kletzin, H.; Werner, H. Angew. Chem. Int. Ed. Engl. 1983, 22, 873. (d) Bennett, M. A.; Huang, T.-A.;
Latten, J. L J, Organomet. Chem. 1984, 272, 189. (e) Bruno, I. W.; Marks, T. J. J. Am. Chem. Soc. 1982, 104, 7357. (f) Tulip, T. H.; Thom,
D.L.J 4Am. Chem. Soc. 1981, 103, 2448.

(16) Wakatsuki, T.; Yamazaki, F.; Nakano, M.; Yamamoto, Y. J. Chem. Soc., Chem. Commun. 1991, 703.
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1
t Bu,
Bu, H—sSi H
H"7 \H EtzSiH; |/ N\
| ] —_— [Ru]—[Ru]
RUI_—(Ry " H
N ~SSi-Et ‘Bu,
H™\ H—Si
Et ZAN
5¢ (A) [;'{u] ,,,,, H"..[l?l\l\]
H \ i
~\. ¢
H,s'\\/Hz

‘Bu 'Bu,
H—sSi° H H—si_ | (B)
| / \l B-Si elimination l / \ / C-H Activation

[Ru) ' H e [Ru] ~———— [l}iu]-....H\.m/[Ru]

| \ J/ - HyC=CH, L
H—-—/Si\ H\\Si’
’
Et H g
2t (€)

[Ru] = (1°- CsMes)Ru

Scheme 3-1 u-v3VEE 5c EVIFUIIVEDRITICOVWTFEENSHE

Activation
(EtzP)oPt ——p (Et3P),Pt + CMe,

(Whiteside, G. M., 1982)

B-Si
Elimination PPhy
H

- PPhg " sitte, CHz=CH, cl.,
RuCi(CO)H(PPhj); + M%Si/\ pm— _— 'Ru—SiMes
PPhg CHCOXPPhs);Ru AL CHy=CH, oc”

PPh,

(Wakatsuki, Y., 1991)

©0-C-H BEDYEE B-7 1 Ttk
FIICHEERUIZ B AR TH S Z &I ab Initio MO EEH ORI L > THXFINTHD Y, 84 2f
DHRT A LT Si-Clethyl) FEADERMICUMI SNzl &E. 22007 =7 AL BRI MBI/ Ui
HETHAZEATETHHDEEZOND, DY eq. 3-6 DRGH 2 DDEE Tl & A AR O BIRE
EWAL. 750D Bimetallic Activation DEBIWIEHITHAB EFZ 5.

HE. u-27 V881K 5¢ &0 T VEEDORUISIZDWTHENTERD, ERL Bu,SiH, BSLEHHOD 1Y
5 TH5 PhSiH, EORIETHES D 1HTO YT VB UE Z—pu- ¥ Y VBEAE SN, SO EMD u-
Y7 UBEEREER - ) VR LKT S ETOPHKEZEZ A ENTES, PREEV 2RV T THD
E4L,SiH, Z AW S Sc @ 'Bu & & DOMANLBRIE DT HIT Si-Clethyl) HAVGIMINE45 &, 2HISHKRET

(17) Sakaki, S.; Ieki, M. J. Am. Chem. Soc. 1993, 115, 2373.
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3% u-Ud ko sEETORE L L URIES

DEBEOERCOVTHLOHRSZ SN, RIGEHIZ DL THRIIIEAPLMIE SN TS 600 Si-H
i%é®@%%ﬁ%ﬁ@%bfSFC%%ﬁ@ﬁéht:&@ﬁ&%%fﬁﬁ:D@ﬂhﬁ%f%b2&%%@%&
FENUERIETH 5 EBDN S,

5 p-v I UBRETEF LY EORIT
(1) u= VIV s p=-EZIVEE KD AN

Cu-v 7 /R Tatm OT®F LY CH=CH EERTW - (ORI U BEMIC -2 Y b5 p- B2V
[Cp'Ru], (1~ ~HSi'Bu,)(u-CH=CH,}(u-H)(H) (12) 52 % (eq. 3-7)o RIGI 4 ATHT L, BROBIEN 5
BaAEE U B 12 BES - KU T RENRETH T, R ¥ v, THF, Bt,0 Eh 6 HER AT
ICh D 12 OFESERN. X SR ICE LSRG o -7 TH, PC, ¥SiNMR LU IR
ARG NV BT BRI ESOT pe VQzerr-7“%Jl/¢/ YV s u—om-E 2R R 12 ZRE L7,

‘Bu tBu
By ‘Bu

H—S8i H
I/ \I 1atm of HC=CH ‘¢ |/ \ b’
3o ~— Ry s H eeen Qg ——
k v
AY

12 (eq. 3-7)

8K 12 O TH NMR A7 MU Cp' EFOE—70% 6 1.98 & 1.60 ICHESEMICEHR SN T, 350k
FU FEALFO 7 FIVEENEN § ~13.17 (br, RuHRu, 1H), ~14.56 (br, Rulf, 1H), -14.83 (s, RuSi, 1H) i

Bbh, 2095 6 -1483 KERINI Y S F MR 2SI LOA y TV v LB 3754 bE—2 PEllEh

Usiog = 59 Hz)o PSi NMR AT MUZIE § 98.8 IZBEEL YVED Y 7F e K REDA T v T aFi-

LREEBREUTBESN gy =572 Ho)s 208 v 7Y V7 EHOKE S5 Ru-H-Si HT2EF 3 4
PREEINTNAZEMH o ES ot 2ET 3 POEADERR IR ARY M S bHRT LI LNTEL
(Figure 3-13), #41K 12 @ IR A7 MV TIE 1581 em™ IKIRHLA R E LT v(Ru-H-Si) DERIX Nz, 1.
KIELL L7k KU FO v(Ru-H) 1HEDCBIRS 2062 em™ 1R Sh .

B 12 O 'H NMR 27 MVT 6 -13.17 & -1456 KBHNI 25D R F (RuH, RuHRu) & DM TE
WRIBISTEET S 2 &2 R YV ERIBEIFEER (Spin Saturation Transfer Experiment) T S0 U7z (72 % decre-
ase)o Ko, ZOK §-14.83 ILBONI 2ET 3 PUEEEBELTHAE FY FOBERE I L THRLT
EMB, £ FY RO site-exchange 13 Ru-H & Ru-H-Ru OB TOAHEI 5 TH5 I Edibino Tz,
2ODEEMIC oA TRIE U U VEBIERING v 7 F VI ENEN § 6.77 (dddd, ~CH=CH,), J,_ =

112, 8.0, 1.5, 1.5 Hz, 1H), 3.89 (dd, -CH=CHH, Jy;_y; = 11.2, 2.1 Hz, 1H), 3.03 (dd, -CH=CHH, J,,_; = 8.0, 2.0
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Hz, 1H) IZ8HZ iz, BCNMR AR MV THEBE=
WEILEDS VT F VI §153.8 (d, -CH=CH,, J_ =
142.3 Hz), 58.4 (dd, -CH=CH,, J._y = 161.5, 145.5 Hz)
BRI, ThoDEIRT TIKREINTHAREBES
WEDHBLVOBCNMR DY IANY 7 M SIS
oy TN TR EELE—HLTHA

31

(Table 3-7), 18-

2D HH-COSY 24 D8k 12 DL FY FEEZIVED
kR EDHTHEAZ RN, BEAELTOT 0 O/
TAy T 7 LUTOA ZENDD -7 (Figure 3-15). 42
BEZNVED o-fLDKFK -CH=CH, & 2ETF 3 PLHEA
R LU TOAKE Ru-H-Si EDM. LUK mOE FY
F Ru-H EEZNVED B-iDKEDHH a-H i cis Db
D (cis-H) EDORICEMBERFALLED - 12 E7, cis-H
EMERRREOI END 6 -14.56 DV T FIIVERRD &
FYRNEREBL. EZVEDRETOT o by LA -
TW5 §-13.17 OV 7 FIVENTZT LBICEE LTS
ERNYFOLDEZBZ o, BHEY VNVEOKRITEZIVED
B-TLDIKEDHH a-H & trans DD D (trans-H) &38LH

187,45

v(Ru-H)
2062 cm™

Transmittance (%)

TL.E3

palassgd

\

.\
v{Ru-H-Si)
1581 em™

2

{

1

3000 2500 2000

Figure 3-13 u-*

1500 (cm-‘l)

YUY u-om-E=V#E [CpRul,

(U-1°-HSIBuy) (u-0:t-CH=CH.,) (u~H)~
(H) (12) @ IR RRY kb (KBr/ cm™)

IR R [z |
BER-TED. TOIEMS n’-Si-HEAE - Y I-@g‘ia.oa“\‘
56.77 F 7 He
CH=CH, #&4RRAUVF =y M a-BELTH S EEX [Er] A e EeH Ze P
. . ey ; . /! A\C// 53'-29
515, Figure 3-14 113 L LD K7t NMR JIE D#E %  O=FlA o Ads A
. unty H'lmu.,,, . ’
\CX-DY bt ELBADE - —niee waBu
DoBonTEk 12 OE LS4 D E—7 % Decouple 51317 \s/l P i21Hz
THIERLIORDIA v T Y VAR LI, " s |
Figure 3-14 #{k 12 OP.OBOEELREED L v 7

UVITEH

(18) Ting, C.; Messerle, L. J. Am. Chem. Soc. 1987, 109, 6506.

(19) Beck, JI. A; Knox, S. A. R,; Riding, G. H.; Taylor, G. E.; Winter, M. I. J. Organomet. Chem. 1980, 202, C49.

(20) Chisholm, M. H.; Cook, C. M.; Huffman, J. C.; Streib, W. E. .J. Chem. Soc., Dalton Trans. 1991, 929.

(21) Ahmed, K. J.; Chisholm, M. H.; Folting, K.; Huffman, J. C. J. Am. Chem. Soc. 1986, 108, 989.

(22) Iggo, 1. A; Mays, M. J; Raithby, P. R. J. Chem. Soc., Dalton Trans. 1983, 205.

(23) Streil, P.; Beck, W.; Stone, F. G. A..J. Organomet. Chem. 1989, 368, 77.

(24) (a) Nubel, P. O.; Brown, T. L. J. Am. Chem. Soc. 1984, 106, 644. (b) Nubel, P. O.; Brown, T. L. J. Am. Chem. Soc. 1982, 104, 4955.
(25) Tarazano, D. L.; Bodnar, T. W.; Cutler, A. R. J. Organomet. Chem. 1993, 448, 139.

(26) Nesmeyancv, A. N.; Ribinskaya, M. L; Rybin, L. V.; Kaganovich, V. S.; Petrovskil, P, V. J. Organomet. Chem. 1971, 31, 257.

(27) Gracey, B. P,; Knox, S. A. R.; Maxpherson, K. A.; Orpen, A. G.; Stobart, S. R.J. Chem. Soc., Dalton Trans. 1985, 1935.

(28) (a) Omori, H. Ph. D. Thesis, Tokyo Institute of Technology, 1991. (b) Suzuki, H,; Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima, M.;
Tanak, M.; Moro-oka, Y. Organometallics 1994, 13, 1129.

(29) ZHE—, B, ERTEAFETEWAE, (1994).
(30) Gree, M.; Orpen A. G.; Schaverien, C. I..J. Chem. Soc., Chem. Commun. 1984, 37,
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Table 3-7 EBE-ZNEEFETIELHEED NMR 7—%

Fntry Compound O (PPm) 3JHa-Hﬂ (Hz) ¢, (ppm) Y, p (Hz) ref.
1 Cp'yTa,Br,(u-H)(p-CH=CH,) * 931 8.7, 11.7 214.7 144 18
2 [Cp,Moy(CO),(u-CH=CH)][BE,] ° 8.89 8,12 19
3 W,(0Si'BuMe.,),(u~CH=CH,) 10.99 6 189.2 156 20
4 W,Cly(NMe,),(PMe,Ph),(u~CH,NMe)(u~CH=CH,)-1/2C,;H;  14.75 8.3 208.0 150 21
5 Mn,(CO),(~PPh,)(u-CH=CH,) 9.27 9.3, 14.6 1783 160.2 22
6 [ReZ(CO)m(/t—CH=CHZ)][BF4] 6.81 11.5, 18.8 23
7 Re,(CO)g(u—H)(u~CH=CH,) 7.18 10.9, 17.2 24
8 [Cp,Fe,(CO) (- CH=CH,)][BF,} 7.72 8.1, 16.4 133.2 153.6 25
9 CpFe,(CO),(u—CO)u~CH=CI1,) 10.91 7.3, 11.8 26
10 cis—[Cp,Ruy(CO),(u-COYu—CH=CH,)][BF,] 11.2 7,12 163.6- 27
11 trans-[Cp,Ru,(CO),(#-CO)u~CH=CH,)][BF,] 10.32 7, 11 27
12 Cp';Ruy(CH,=CH,)(u~CH=CH,), 9.98 6.7, 9.2 188.5 156.9 28
13 Cp',Ru,(u—H)(CH,=CH,)(u-CH=CH,) 7.36 8.4, 12.0 189.4 28
14 Cp',Rux(COY(u~H)(u~-CH=CH,) 6.19 79, 12.0 176.3 137.7 29
15 0s4(CO),o(u-H)(u~-CH=CHCMe,) 7.25 14.0 112.5 1S53 30
16 Rh,(dippe),(u-H)(u-CH=CH,,) ° 9.48 11.4, 18.6 195.6 31
*Cp; nS—CSHS, b Cp'; nS—C5MeS, ¢ dippe, 1,2-bis(diisopropylphosphino)ethane
R
f;' 1
cisH i” | RuHRuU
a-H
| transh LE{'! J| RuH L LLRUHSI
PP
R 5 R

% v a-H

271 transn

ES > —_

. 4 . cis-H

a0 e S

: : gl S—

L & @ — RuH

‘ g g RuHRu

-3 LI S L) =

I o e RuHSI

Figure 3-15 #{% 12 2D HH-COSY NMR XX 7 kb

{31) Fryzuk, M. D.; Jones, T.; Einstein, F. W. B. Organometallics 1984, 3, 185.
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THIVT 0 MR & B I A RSO

(2) u=- ) v s u=F ) 5 A VRO AN - BBIK 12 OBGRRIG ——-

AR 120 MV ERE BRALTTI0BEEEMAT LI EILED u-Y VLY u-TF V5 A U8k
KWRMNkWEQW{M®W4DO$0ﬁ$ﬁT5@q&%ﬁiﬁ\mb&@%KSCQE&bfhtﬁ\Cﬂ
m%7tfvyﬁ@:a:t&&%bﬂéo%@WK%%ﬁ@ﬁ%Kﬁﬁﬂé%ﬁ&ﬁbfbtﬁﬁ§A7D7b
557 4= (FIVIF/ MDY NFF V) ABOTHET S ZEICLY 13b, 5S¢ ZEHES 5 2 EATT ST (13b;
]5%,&ﬂ1%ym®o%W12@%ﬁ%ﬁmﬁﬁwlyﬁﬁ$fﬁﬁﬁ?5€®®\@E&LTIHFEﬁ%#
T (8 B THA{ERILETLED 7. H, BC NMR 27 MWD&k 13b ZREL 7.

tBu‘u %/

H—si
| / \ I toluene, reflux, 10h / \
........ H----"Ru—— 35 -1-Ru Ru
R,
H\<

13a (eq. 3-8)
ml?Uf47%%1%QﬂHNMRXN7bNTiéL%@ﬁMDKCﬂ%@VfTWﬁ@%éhto:
DT DI 13b DS MIE A0 QAT H B I ENERENG, i, £ N FICESCYIFUE 9
—NJ6@JHJ%H=HH@’ﬁﬂéﬂto“%74*Mﬁ?ﬁ%?éﬁ%%ﬁ%ﬁ@@%ﬂTb@hﬁ\tF
U RA 1D LT, 510 Cp EPEMICEHIhicEW ) RED 0T A RE2DDNVT = T LE o-#EAIK
F o TBE LI TH B Db, Fio, A E LOBREN A FIVETHHBEUDER (CpRuly(u-SiMey)-
(pCM@W%DOh)Kﬁhfmﬁbﬁﬁ%$%?—§ﬁ6vavv;Wl%Uﬁ47%ﬁﬁ§ﬁéﬂTﬁb

(ABEB) | 13a EARY MVERKT S ZEI LD 13b OWEZRELT.

MEETF ) 5 A VB TS V7 F IV TH NMR A7 FVTH §3.96 (s, 3H) 12, PC NMR AN7 bV
T § 42.0 (-CCHS), 384.4 (-CCH,) iCBAlS 7. Table 3-8 I T TICHEINTOAREETNVFY 54 /R
(7D NMR F— 4 % 7 U7 At2032-38 4k 13 @ 1H B L0 PC NMR OF —§ BHIGUE 7 VY 7 1 VM
FIEMOTETH Y . B 12 OBMEE ZVEPEETF ) ¥ A VEIFALERENIIEERLTR S,

mﬁ7w$uﬁ4y%%@Am&&bfimﬁe—U?ym&%éﬁféﬁwtfmby@&@&ﬁﬁ~$%f‘
H. FIOLSCUTEONETVEY F A VEKEGREREORIGT 5 2 LI LY it e=Y 7 vk
LEZ B0 ERESHTNS233435, gk 12 ORGBRRIETREBEZVED o-C-H HEH OB
%ﬁMﬁﬁ:otNK\MJ{«@ELU?Vﬁﬁﬂjél&Kiofl?uy4Vmﬁ%ﬁiﬁbttgbﬂ&
A2 ﬁ7w¥Uy4/mu%§A&T57¢&bfi%ﬁm€®fﬁb\“ﬁt NVEORIEELTHEL
WHDTH S,

(32) Lewis, L. M; Huffman, I. C.; Caulton, K. G. J. Am. Chem. Soc. 1980, 102, 403.
(33) Cascy, C. P.; Marder, S. R;; Bruce, R. A. J. Am. Chem. Soc. 1985, 107, 7700.
(34) Kao, S. C; Lu, P. P. Y; Pettit, R. Organometallics 1982, I, 911.
(35) Colbomn, R. E,; Davies, D. L; Dyke, A. F.; Endestelder, A.; Knox, S. A. R;; Orpcn A. G.; Plaas, D. J. Chem. Soc., Dalton Trans. 1983,
2661.
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Table 3-8 FEBE7 VS VEUFEETIELHED NMR =% (ppm)

Entry Compound Ocq ) ref.
1 W,(0Si'BuMe,),(4~CMe) 3153 5.01 20
2 W,(OCH,'Bu)4(0'Bu)(u-CMe) 297.3 4.47 36
3 [Cp,Mny(CO),(u—CMe)|[CF,CO0] * 445 32
4 [Cp',Re,(CO),(u-CCH=CMe,)][BF,] * 371.3 7.58 37
4 [Cp,Fe,(CO),(u~CO)u-CMe)|[PF] 4979 5.12 33
S [CpyFey(CO)(u-COYu~CMe)|[BE,] 5.06 34
6 [CpRu,(CO),u-COYu-CMe)[BF,] 469.7 4.62 35
7 CpRuy(u-SiMe,)(u-H)(u-CMe) 387.7 3.95 ¢
8  Cp'Ru,(u-Si'Buy)(u-H)u-CMe) 384.4 3.96 :
9 [W,P{HC(p7);},(CO),(1-CMe), |[BE,], © 317.1 3.18 38
10 [WPH{HC(pz);}(CO),(PMe,Ph)(u-CMe)|[BF,] 3552 2.66 38

2 Cp; 1°-CsHs, ® Cp's n°~CsMey, © HC(pz),; tris(pyrazol-1~ylmethane, 9 This Work.

o, BEENVEQIFY A VEIFAOERE I, B YNVES n’-Si-H #EDRALAICHINT S -
ERE>T - Y UV VBNANERRINT OB, $81K 5¢ 12 5130 O EDORIEOPT [pu-v 7 v L u-v IV
Sp=Y NV E0D 2R ETD 2R T VOB SRS OBET S J LN TEL

B 13a IOV THE THNMR KBV T A HEDAFILVED E— 7 OBNEBHFERMINTH B, 13b 129
VT b diastereotopic 74 tert-7 FIVED U I FVHRFOBEEE 7T ENPHEI NS, BCNMR A7 bW
BOTHREROFELTRT 5 EBDNSD terr-7 FIVEILET V7LD broadening DVEM & 1172(8 34.6 (br,

- CMe3), & 32.8 (br, CMe))e

(3) == E27 Y VEAD A1k

IR Sc LT T U v EORIEEFR T - 1254 ICHEME E 2 VEMEK 12 DB—E i & L TR SN, I#
FEET (100°C, 24 h) T 12 ES T, pnm-E 27 Y JVEEK [Cp'Rul,(u-n°m -C4HR) (14a; R = H, 14b; R
= CH=CH,) 4G LS HOLAMDEENBHINS (eq. 3-9) LA LENS, KIS%E 1 BITEILS 4, &R
TR LIl A, 0k 12 DERBBERINI, foTs LnlAd R BERLEE. S5RTEFL L EREL
lda, 14b PEK LD EEZ OND, AT L7 0T T 4 —%2F0 BT EICE DK 14a, 14b DREW %
SHDEBHH 58 Lz (14a; 13 %, 14b; 16 % yield by 'HNMR). 7542702757 4 =Tl 14a & 14b
CEDMET S ERTEBD > b, BANDNRY S VIS BREEIT 5 T LI D ponmd=ERT VM

(36_) (2) Chacon, S. T.; Chisholm, M. H.; Cook, C. M.; Hampden—Smith, M. J.; Streib, W. E. Angew. Chem. Int. Ed. Engl. 1992, 31, 462. (b)
ChlSholm, M. H; Cook, C. M.; Huffman, I. C. ; Streib, W. E. Organometallics 1993, 12, 2677.

(37) Casey, C. P.; Ha, Y. K.; Powell, D. R. J. Am. Chem. Soc. 1994, 116, 3424.
(38) Byers, P. K; Stone, F. G. A. J. Chem. Soc., Dalton Trans. 1990, 3499,
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ZHVT = LRI L A A RS HOTERL

[CpRu],(u-1n°-CH,) (14a) ZHES 52 EATE, 'H NMR, PC NMR, IR, FD-MASS 7% 5 TR &
BB EREVRE Ul Fho. HEHITEED - 7208 14b IOV T HEAWO 'H, PC NMR A7 MV B L
IR, FD-MASS & » TRET S Z LB TET,
tBu Bu
T/ \T 1 atm of HC=CH

iy
AU TR 100°C, 24 h
H "H /

5¢ 14a 14b (eq. 3-9)

EZ7 Ve 14a O TH NMR A7 MV T 220 Cp' #id 6 1.703 (s, 30H) ICH MBS, /%845
B Fo1y MIHETLE—Z7IEENEN 6 3.18 (dd, Jy_y = 2.3, 1.4 Hz, 2H, H), 4.42 (dd, Jy;_y =4.2, 2.3
Hz, 2H, H,), 8.95 (dd, J;; y = 4.2, 1.4 Hz, 2H, H) KBRS i, £lo. BCNMR X7 MV TREBEAL T
ST FIVIE 6742 (d, Ty = 155.0 Hz, C)), 95.5 (d, Joyy = 156.6 Hz, C,), 173.4 (dd, Joyy = 152.6, 14.9
Hz, C,) iCEllI hiz, LLED#ER%E Figure 3-16 KE LW T,

.—->H aHsss ,Hausm
* / \
aHquc °H43‘Hc
‘\\ c._—/c(b 782 _,ﬁéc 5,3.35
>
; 5955 308 \
5,318 \ c 6n 7Hz -

Ru >/CH j
\c sc173.4 14b c 6H904 \

14a fa H -

Figure 3-16 £X7 U/ 14 O NMR 7—%

EXT VR FORBOHER C, DV 7 FIVIN§ 173.4 12, Fiz C, EOKE H, DV 7 F D doublet-of-
doublets &UT 0895 KBHIINAZIEND C, 2 DDNFo MTEE L. AVRUHEELTNAI &b
M5B BERIEHEREIIE > TOALR, XEEERTORR S ZOMELXFL TS, . ¢, & C,
DREBICEL TRENLERIETOEL, FOHELHVE5,

K 14a ERFFZAER LT [CpRul,{u-n 3 -C{H,(CH=CH,)} (14b) IZ2\ Tt 14a OZEE R T VIVEAIF D
2-MEDKEDE ZNVERLERINIEETH LI ENHSMIL - 2. H, BCNMR AR MUTIE Op BEE
BETOY T FADEEMcBENI N, FLEXT Y LAy FOMBIKEZVEDHEELREATE L, /. IR X
RT MVTREMLTHREOEZIVED v(C=C) IZ&ED TID 1736 cm™! ICBHISI Nz, FD-MASS A7 b

VZB T H 14b DHIEK CygHygRu, ZFI0LE UILEER D m/z = 578 ICBHIS ., FHBETF -5 07— ik
RE#ME L —F U,

EZ7 UV 14 OEBBEBEUTIEIREDE ZARETHS, 88k 14 37T P E R Rk 1 &7 &F

VO EDRIGTHEDTRHAMEBONS I Ebh » o, F72, 12 LAEFEDOBLEREDOKIS (1 atm, 100
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IF p-v7 vBEOSKEEOUWHBLURIGH

°C) Tt [Cp'Ru(COYu-CO)], (19) PR L T2 85K 19 b7 M EFY FiEA 1 & CcO LORIETHONTL
%o SO 2DDHERING, K 12 DEREMBA LGS, £V ICEBIFEELLVEAIIHE n2-Si-H #6%
L 0¥ C-H #EADBALANTHI LA 13 252505 BN OBOEEIFAT 2 58I Er A RE MG L=
JVEEOETRTNERIEI D, BER 1 BRObDERUPHAERPTRBEULE, ThEh 14,19 £1io1
LEZBIELTES,

68 H/D BRI

EZ-p~V 7 x = by Y JVEER [Cp'Ru(u—n>-HSiPh,)],(u-H)(H) (2b) D n2-Si-H #EA L BMICE S I B
&R Uy EX—u-2Y b /88K [CpRu(-SiPhy)u-H)], 3b) 5% 5, LD L. u-v 7 V8 K [CpRu(u-H)],-
(u—n%n>-H,Si'Bu,) (5¢) DIEHRA B LTS Sc O Cp' £D 7 VTR CEMD R SN T, n2-Si-H AR08
ERIRIIC & D u-2 UV VH D0 u-2 ) U v SEIRITE RIS ST g - Foe

UinL. 81k Sc 2B €28, 80 °C THELE &2 5. FEITY- < D TRHSHPERL LD C-D
A& Ru-H EOMT HD RRICPETTH I EPHO NI -7, 8R Sc Ok N FORTEKELINS
Dickt 2 AMAE LA, £ O Sc-d,, Se-d,, Se-d,, Se-d, 1T ABHDE KU KO 7 F ke hEh o

—1‘1.12, -11.38, -11.64, —-11.90 [CBM I Nz (Figure 3-17) BARENEZ B0 E Y FOE-J Dby
L U7z H® Cp'Ru(u-D),RuCp' (1-d,) & Bu,SiH, EDK

, M,m
AT - 12 2 Ay RIEOHMOBRIETIHE Se-d, ITHE | )
FHEEZSNEE K RDY 7+ UM § ~11.64 [l S ®) W ' W “WW%W

Nice L L. RIGHERTUREBICHER L E L EOH/D

M2 0.26 ppm TOEBENE YT LTV A I EXD

s ) U * ﬁ |
Z)it\ 7 E N PO 40k FY PR TEKER ; WNMMW M

_

5c-d,

KDV LRI Se~d,) ~ Se-d; IKEDRHAARDE -7 o | M |
PEEINT, ThEAERU u-2 7 V8K Sc-d, & M ff WWM
‘Bu,SiH, & DM TERZEDAGEIR »1lchEELS Sc-dy woa,
N5, KB Sc-d, & 10 fEEILD Bu,SiH, LOHTOD - A
H/D Z|FGHER V¥ OBARHRTEPNEI S s
(75 % conv. / 80 C / 24 h)o
‘ ®)
410 -4 o118 122 (W)

Figure 3-17 #{k 5¢ & CD; &M H/D XBRICDH
F (A) 0 h (B) 2 days (C) 4 days (D) 11
days (E) 13 days
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ZHIVT = LRI X BB A FRMOTERA

T8 HFFIMER-u-2 Y NEENOD u-25 VEROEK

AFA VRO E Zpu- 1) VK [Cp'Ru(H)(u-12-HSiR,)],(u-H)* (d4a; R = Et, 4b; R = Ph) £ 7V 3 F+ LIl
HEINTIKEDRIET Y u-v 7 VK [Cp'Ru(u-H)] (-1 n
3-10), &< IT 4b OB AITIERAMERID €2y~ ) U v $51A [Cp'Ru(u-H)],(u-SiPh,){1~SiPh(OH)} (3f) b i
BrC KT 5. J I TEONI u-v T VK Sa, 5b 1E Sc EHANTEWICHER ICAZETH Y . FiR TRERT
THRIFIHBUTUE DY, 884 Sa, b KDV THEEET 5 JERTEUD 7D crude DIRETHE L7 1,
B, 28i NMR A7 MVIZHS & FAE U,

2_H,SiR,) (5a; R = Et, 5b; R = Ph) D& 5415 (eq.

Et

R = Et I/ \I ﬁ // H, {I
————————————3p j& u———-R \\/
sl T "
¢%wa¢g§ __#hosa0; | o on o on
Il-I\S'/I-ll / a—s'/
S “\H
R" R R=Ph T/ \] ﬁ &
4 b Ru—\—/l'?u ‘H
ST AR
Ph Ph
Sb % (eq. 3-10)
AFA WK 4 1REH & U T LIAIH, 2RIGS $ 41O © 2 —p- 2 Y VISR [Cp'Ru(u-n*-HSi-

R)L(u-H)H) Q) BER&MIcEosn (2FE8R) , JORISTR B W72 7 Le B8 UrcRITKE bl U
EEZON, TFA EORIGDREE S TEET 2 EREHOUBEE TN T LA RTRIAEERT AL
NTE D, V7T MR U7 Nu” 27 A BEBET BT, Si-Ph #46 THEAC Ru-Si YKENT u-
VT UERESZ B bOEER SND,

BREBIEA LIy A ZADOREEBIZL S M-Si HAOHAE IhE TR HEODOHEN H B, v IIVE
OREHEBEZTH I LICE Y RSIT-Nu” EUTHBET 20, ZORT A ZOARLFICBI UTH inversion &
retention ® 2 BHIAHEIN TS, BERLICEBSET =4 » LaM™ W EEICHFET 5 b OOBEIET 1 F
VARMEFRRETAZENNON TS, ZOREE N OBEN T A ZRMF LTREI > IEE2RLT
Bo Fho. BT (R)(+)-CpEe(CO),SiNpPhMe DIIKSHRTIEY A EOIMACENRAES NS, Jhit OH DK
BEPEEHOLTED »72#%IC Fe-OH & Fe-Si O TE il (47 THRBERRIC) §AI&IKL-THL
NbOEZZbND, RISHRDER (CO);Mn~ & CpFe(CO),” DEEHDENIL » THI TN TIN5,

u-7 VEEO 'THNMR AR7 MVTRE RY FOY T FIUNGENY 7y PE=27E LT 6 -11.05 (5a, -5

°C), -10.36 (5b, -20 "C) KEBEI Nz, ZhoDr I ANV T M p-Vtert=-7F IV T V88K 5¢ DE R R

(39) Residual solid containing g-silane complexes 5a or 5b could be dissolved in THF-d, without any decomposition at ~78 “C. All of
spectral data was obtained under 0 *C. Dissolution at room temperature, however, resulted in an immediate decomposition yielding unidentitied
compounds, which showed sharp singlet at 6 1.38 in C,D, (300 MHz).

(40) (a) Gladysz, J. A; Tam, W.; Williams, G. M.; Johnson, D. L.; Parker, D. W, Inorg. Chem. 1979, 18, 1163. (b) Colomer, E.; Corriu, R. J.
P.; Vioux, A. Inorg. Chem. 1979, 18, 695. (c) Corriu, R. J. P.; Guérin, C.; Moreau, I. I. E. Top. Stereochem. 1984, 15, 43. (d) Colomer, E.;
Corriu, R. I. P, Top. Curr. Chem. 1981, 96, 79. (&) Colomer, E.; Corriu, R. I. P. J. Organomer. Chem. 1977, 133, 159.
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3T -7 VBEOEHETORES IURICH

1 Q2 R!
iy R\
\ —>  LnM—Si---Nu" —» Si—Nu
B inversion
* R? Nu R3 R3
LnM—Si
R1
R? ;
R? i 2 { R2
LnM—Si —  Nu—=©Si
retention
Nu RS R?

OEBMETOE 6 -11.12) LIEERIUTH S, 88K Se O N FOE—7 ORFMEEREICL - TRE (L
L. #FHTOERY D site—exchange PRI > TWAIEEZRLTH, 5a, 5b DE RY RO Y7+ VOE
I =90 “C THREAEARA ShZh-7ce LU, BITFIOR UFKRIC 5a, 5b 8% 5¢ ERIRRIC u-v 5 vk
THHIEE LMY T VEORIBI &> THOMNIT AZENTEITEY . AR MUDBIEEENLE RS D -
fzZ &tk FU KO site-exchange 4% Sc (ZW~THHE RO IH ERERT D ENTE D,

u-v7 231K Sa, Sb OBET A ROV 7 FIVEENERN § 52.7 (5a), 38.6 (5b) BRI iz, T SEHIET
BEZAu-Y VRO D (2a; § 111.7, 2b; 6 95.1) EHAND EDR Y EHRBEIIRONTED . INETIEEY,
A EBGETOH I AN T PELTHEINTOBHE (6872 - 245.1) EHEL THHEYE LI Ebbin s, ik
5¢, 10 DHED L DI 5a, 5b FTD p—nin?-H,SIR, BEFEENIITT F—7REB N THR LD, JOEFIC
BOEBESAZOT SNV T M u-v 5 VHEEDEEZRE LT 3,

(eq. 3-12)

B A Ph  Ph
H:S\H H—si H
l/ \| PhySit, RN

: _Ru /Ru\/ »- 4 RUmeoeHwem Ry ——
Wik —E— g
H—-/Si\

sa B Et (eq. 3-11)
Ph Ph

§ Ph\ Ph
H—Si H

; I/ \I Ph,SiH, / |/ N \
|8 . F - e Rigrsnin Hruwse Ry ——
k\\/ ;f s AN
H—Si

Ph/ “ph

2b

p=7 VK 5a,5b 14 0°C T 1 48O Ph,SiH, EBFFICRIG U #2595 £ Z—p- 1 VEE K [Cp'Ru),(u-n>-

HSiEt,)(u-n?-HSiPhy)(u~-H)(H) (2e), [Cp'Ru(u~n>~HSiPh,)],(u-H)(H) (2b) 2527 (eq. 3-11,12)0 #ik Sa D

RIETHT 5L FY REE 1 OFET TH -7 bEH ST 2b B2 (B ONTRABERED B 2yt ) VA

2e DHPER UTce TORRIE p-¥ T VBRI EZu-2 VIV REROFRIRTH D L0 5 T EAWMIICE LT

VAR T, u-v 7 VEKRET M7 EFY FEHRL D SEBIISES PhSH, ERIET AL T EEFEL
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ZHNT Y LA & AR A RSB ORERAL

T e B Ropm i Y IVEE RO R SA IR TBEF LT & SITPGTHD u-v7 VEEROERKIT 4 BlHlx
D -Teth. ChiE 2BHORIGTHS 505 2 DERS 1 206 5 DHERIC R THEE IR PREROBE
NERST 5 DERERIETEE DT ELR OIS (2EBH) .




4F 2BIIVTZULTFSERY FEAREE/EFODLS VORI




ST LERIT & B Y A B DI L
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4 LBVTIULTRSERY F$GEE/ L Koy s VORI

E48 2RITFZUAFTISERU FEREE/EFDYS VEORID

Jaith

187 #

QETHNLLI I, EEOEBREEHIKL 2/ T~ RSH, EORIETROFEI DS Si-H #E ORI
MR TR A FRNL T4 AT 2 ESEA B NSO U, Si-H#A8% LD U0 315 » RSiH
EORIG T BEOE FY P -2 YV LaMH)SIR, DR ONADATH 5 (eq. 4-1) . BMEERE 3R 5
vEDRINCE S 2 RALISED ERIE, BIEFE TIC [PYC,H,),PR;] (R'; = Cy;, Me'Buy) Z A7 LI Uhv
EXNTOAL (eq. 4-2)% Uivb. JORIEOEBMOBERILT 7 AR THE VS VRO E Y KToH
b, $lo. Boh 2ROBEEATOREE M FOMUE R XBRBERITE KILL > TREINTHRLD, B
£E Y OFEFERES LU 'HNMR OILFEY 7 M OoRERAD Ty A FB LU Pt OB FEHEEALF->T0D b
DEZEZOLNTHS,

Et,SiH Q,

—RhKCl, -
Et93|/ \ SiEt,
2 (eq. 4-1)
. R,Si----H, PR'
R,SiH NS ot
[PY(C2H,)5(PR'3)] > Pt Pt .

v / ~ /
R';P “H-- -\fsm3

Ry = Me,Et, Et,, Me,Ph, Me,(CH,Ph), CiMe,, Cl,, (OE),
R'; = Cy,, Me'Bu, (eq. 4-2)

U LMo A # EDBE#HED R = Me,Ph OHAITHE. TR 10 % SECENSBMBATEZEICED u-
VUIWRNTFER TS HBRDPEONSD (eq. 4-3)° ML 7 x ZVEDITHA ERIGHMIE L TIRA LY
LINIEINTOEOD, 288k BT Si-CHADTIMINTH A Z EIZf#E N L coordination site LD 1) L
KD Si-C #A0BET 2 BB B T (activation site) K& > THM AN D EZZ B ENTE B,

Me,
. H-——Si
PhMQSIi-—/-H\\\ /Pcy:; A !/ \
R /Pt\ P > Cy,P—Pt Pt—PCy, :
b Cy,P \‘H-/—-ESiMeZPh 10% \Si-{l!l (eq. 4-3)
| Me,

‘ i (1) (a) Fernandez, M.~I.; Maitlis, P. M. J. Chem. Soc., Chem. Commun. 1982, 310. (b) Fernadez, M.-1.; Bailey, P. M.; Bentz, P, O.; Ricci, I.
i S, Koetzle, T. F.; Maitlis, P. M. J. Am. Chem. Soc. 1984, 106, 5458. (¢) Ricci, I. S.; Koetzle, T. F.; Fernandez, M.-J.; Maitlis, P. M.; Green,
I C.JI. Organomet. Chem. 1986, 299, 383.

: (2) Ciriano, M.; Green, M.; Howard, J. A. K,; Proud, I.; Spencer, J. L.; Stone, F. G. A.; Tsipis, C. A. J. Chem. Soc., Dalton Trans. 1978, 801.
l; E (3) Auburn, M.; Ciriano, M.; Howard, I. A. K.; Murray, M.; Pugh, N. J.; Spencer, J. L.; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Dalton
AR Trans. 1980, 659.
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ZHNT 20 MEBRIC L BER A RICEYOIEHAL

INETIEBSEEKIZL S SI-C Table 4-1 &I RILF— (MP4/SDQ; Keal/mol)*
fEG O BE Ll Si-H, Si-Si Caled (onpt) i
HAOEMICH~NS EEHEIZDE D, E(H,C-H) 100.0 (104.8)% E(Pt-H) 54.2
Sakaki © 13 ab Initio MO X2 BT E(H,Si-H) 84.6 (90.3)™ E(Pt-CH,) 39.7

B(H,Si-CH 80.5 (88.2)% Pt-SiH 61.5
[Pt(PH,),] KXt % Si-H / Si~Si / Si-C (SO ( FPSit)

#ta DBRALKIAT I ROG 2 B L T 5%
TARBEBESE L RELHE T

Blbic, OTNOEE bAKRIIER
U TR RIS RE S LS (Table 4 Table 4-2 BLAMRIGBIZICE 5 TR+ —E(t (Keal/mol unit

B(H,Si-8iH,) 727 (74)%

1% #FIC Si-Si #a OB T Transition State Produc
Pt-Si HAD 2 OEHIN A DT, E Si-H (SiH,) -1.6 -25.6
FRORTEADESEBAHOTHAS Si=Si (SizHy) 137 ~46.4

Si-C (CH,SiHj) 249 -14.1

(Table 4-2) 15 OEEALKM IRIED
ERREE LB LIS, ZORELD
BEA I Si-H > 8i-Si > Si-C #A4 D
BETE 5, ZOFFIGEERI RSO
IDPTIZRLTEY, Si-CHAR

* A negative value means stabilization in energy.

Si-H $#4 & ATRYIHII bR A i P
LI R RS, 5 VA AN
Si-H #ATYHENPT O’ £

y BB 30 2= {f Pt

%?%%k%b?mf®rfﬁéwj? A %V//b\\\w

P, A FH L ULBROOME LR oy .
FHOREERERTE b EEX SNTH B ——

5o ZHUTH U Si-Si, Si-C #&0D [ FF

WO | spd BAEH L RBPOEBAERRT DI HIY, 2 OMEEEABBENE LD, ZORBIT sp°
FOEDYMICIEHEE LA NF - LBNI b 0 —TORE AER 7200 (B RNF—] DBELL B,

U EOIREIEETD S Si-H, Si-Si HLU Si-C #ADHP T, Si-C HAVBRNFHHERIC DR HIN
_<m%af%5:&ﬁwéﬁkﬁotﬁ\:@%%uSFC%Q@@MK%?%%E%ﬁ&UV&Vﬁ%@%H
FEES-HTH, LU, EOTRHBD eq 4-3 IR LA LB b BB EEHEE ETO Si-C HAOTKHIICD
LTHBEIN TS, UTIKZOF AR,

(4) Sakaki, S.; Ieki, M. J. Am. Chem. Soc. 1993, 115, 2373.
(5) (a) Golden, D. M.; Benson, S. W. Chem. Rev. 1969, 69, 125. (b) Doncaster, A. M.; Walsh, R. Int. J. Chem. Kinet. 1981, 13, 503. (c)
Walsh, R. Acc. Chem. Res. 1981, 14, 246.
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A 2T ULT M ERY NE&REE/ E Fo v s VEHORIE

(1) »AFETOREERKIEG

&\ AgF &\

Bl«l VA - Ru ,
Mess‘\*‘] e FMq,Si\:‘7 \/[/
B Me (eq. 4-4)
Me\ e‘\\‘\ Me ‘\e‘“ __;E, / o
si— g Me— g o \Si\\_F
B | A J F j Me_
[Ru] ~ R T Ry = [Ry]

Ru] = Ru(n®-C 3.
74 E L TORBERRIG [Ru] = Ru(n®CsHg)(n’-CHg)

QETHENIEI AT A MO ER -V 7 2 Z )Y ) JVEEHK [Cp'Ru(H)(u-n>-HSiPh,)},(u-H)* (4b) @ Si-Ph
#&1 CF,CO07, OH™ DREHMBIC & » TYM S, H72i Si-OCOCF, & Si-OH #& %4 U 5% 7. Itoh
5 [CpRu(n’~C;Hs)(Br)(CH,SiMe;)] & AgF EDRIGIZLD Si-Me #ED Si-F HEWNBEHRINS I EERL
KUTS (eq. 4-4)7c RIS A R F L TORKBWRGIE Fink 510k - THHEINTHSS,

WFNORINCEOTH Si-C #4670 Si-F, Si-0 LV - BN FMIIKREBHEANEEALLTEY . ZNHRED
Driving Force £/ > T A EZEZ bMB, INODORIGTROENL Y Y — b 7oA v EERASRTRISHETT
530L b, BESBICL 2EBIA Si-C HADYIM EEEZ T,

o, M IZBNEERBHEDPFELLORTS Si-C BAREAICUMINE 205N TN 3%, #
AR TYV=NVEEHTHERT A RUEMCE O TSI-ArEA B URETREL L - TRB UM SN D,
INIB LT Sit-C HADHEILLE DT, ZORIGEFERKEFERRICER UBHETEL, KETH B
DEEL Si-C o-#EAD B-HFE BHE) ITLD meta-IOREWA AV OREADFEDIDITT x ZVED
ipso-KFELTRIBEZEZ SNTH A,

Nu
e . {
‘ . " R;Si Mo R,Si R3Si-Nu
E E* E-Ph

P KBTH E* 1243 Si-Ar HE O

(6) Yoshida, S.; Takao, T.; Suzuki, H. unpublished results.

(7) Itoh, K.; Fukahori, T. J. Organomet. Chem. 1988, 349, 227.
R (8) Chang, L. S.; Johnson, M. P.; Fink, M. I. Organometallics 1991, 10, 1219.
[ (9) Elschenbroich, C.; Saltzer, A. In Organometallics A Concise Introduction, 2nd Eds.; VCH: Weinheim, 1992; Chapter 8, p. 94.
S (10) Colvin E. In Silicon in Organic Synthesis, Butterworth; London, 1981.
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THT I LRI L BB A R AHOTEEAL

(2) B-TAEBILS Si-C HEEOTH

FLUT 40D M-HEA~OEA, $HEFOFRISTHD S-rKFKBHE IS EAk 2 SAIES A 7 VORIE &
HoThY. ZLOHNEEINTOS, YVUNMERETAAF LT 4y (E2VPT ) ZRELLUTRAVIES
D MoH BEAD EZ IV Y S OBARIGIEF T, 3IE LT Si-C #EOYIMIIRI 5 Z EWRIE INT
AV
Wakatsuki 514 E =LY 7~ CH,=CHSiMe,R (R = Me, OEt) &7 =7 A—E FIJ Rk [RuHCHCO)(PPh,),]
EDRIEICE DT o I ¥ ) LA [Ru(SiMe,R)CI(CO)(PPhy),] 2 A LT (eq. 4-5)"s JORIETH
Vo T A M-H BAICE LY T U AMEAT B 2 8l d » THER U TIVF VR RIRO 2 ) VDB &8 LiCE
TS0 L LT Ru-Si EADPHK LA bOEEZLONTH A, &1z, BEAITH S [Ru(SiMe,R)CI(CO)(PPh;),]
EIFLUORIET. £ FY Nk RuHCI(CO)(PPh,), & E=JVY T~ CH,=CHSiMe,R B 6 NIt 2 Mo,
(M=Si BEA~DA LT 1 v ORA/B-4r A Ele ] FAH SRR THS LMY oMIE N, JOMGHA
L7 4 Dk Fov Y IMEOBRICEIAT A EZ VY T v OAEROBE R LTV 4,

Me,SiT X
[RUCI(CO)H(PPhy),] [RUCI(CO)(PPhy),(SiMe3)] (eq. 4-5)
CH2=CH2
SiMe,
MegSi SiMes insertion B-Si Elimination SiMes -CoHy
[Rul—H ~—= [Ru]——I( =——= [Ru] = [Ru]—-” -_—= [Ru}—SiMe,
— MegSi ™ B-H Elimination insertion CoHy
B-T A FREBE LV M-Si H#ENDF LT 1 Y OfRA
(3) B-HOr A H# D Si-C #a DYk
SiMe, SiMe,
L\ ) L\ ) H L\ > L ~
/Pt —L’ /Pt\ 2 T /Pt —— Pt
L j Me \gi Me W Me/ 7
SiMe; Me, MSi~_-SiMe, ,\,,ef:i\/sn\ne3
(eq. 4-6)

MY A FIL YL A FVERET 5 ALK [PL),(CH,SiMe,),] (L = PMe,, PEt;, PPhy, PPh,Me) QOE# I

(11) Wakatsuki, Y.; Yamazaki, H.; Nakano, M.; Yamamoto, Y. J. Chem. Soc., Chem. Commun. 1991, 703.
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ETHT AR LEOAFIVES Pt EKBET S Z LITLY [P1(L),Me(CH,SiMe,CH,SiMe;)] DVERT % (eq. 4-
@no:@ﬁmﬁspMe%ﬁ@@%u;of74%&ﬁ%@@uiﬁﬁééﬁotyuy$%%ummmqag-
SiMeg)(ﬂ 2_H,C=SiMe,)] P L 210°S 5 —FHD M-CH,SiMe; #HARIHRAT 5 L0 DB THHA SN T B,

2LV [R,C=SiRY,] E¥ U LV [SiR,] R, BRISOERTEALEL W THENT, EBEEICK
HARBIELEVEER 0~ Y VI ERE UTEET 5 E0TES. ZOHIEE CRALD, LIRD (LD
bAZLOBRE (Db U8 KEY) RIEHRIECEIDAKINTO S, Berry 5 - L VK
Cp,W(n2-CH,=SiMe,) & 2¢ FF— L (CH,=CH,, PMe,) EDRIE T, ¥ VI AT & Cp BERFLDIAILY L
CUDHEA LS CpW(n'm'-CHSiMe,CH)(L) DVEKT 52 L2 HEL TS, &ios JORIGEAENTH O . I
#g 5 I LILEY Si-C(Cp) FAVEIMTEINY L VEERAHATH I LR THRELTOD (eq. 4-7M

~

H
& SiMe,
H <ﬁj\
\w,m Mg \ /ci L 4 /
W —sime, W

Q/ CH,SiMe,Cl Q/ A ,-L % \L oo

B-TLDr A REDAFNVENGMINLTREEZR LTS EEZ 6N5 -Si-C TIRT 4 v VHEEIER%
Ffo T8 AAY Cp,TiCl, ET VT 225 Me,SiC=CPh L DS THEIN T S (eq. 4-8)%; ab Initio MO
BIC L BEETI Si-C 40 n>-FNC L D 15 Keal/mol DREALNEOND EWESH TR0, Fi,
Cp',Zr(CH{CH(SiMe,),} & AICI, DRIGTHRT A FLEDAFNED S L 1 DPERICERINIBEDIHE SN B0,
ZORIGS M-C-Si HEMEMEREOATA M UHTEAEZRETETTEH0LEIONTIS, TUADOLT IR
T4y P HEEA LI AFLET Qr WEBRBBRNICHR -1 bDEEZ 5N TS (eq. 4-9)7:

Me
+
]
) Me,Si-C=CPh ~C—FPh
szTIC|2 L Cp2T|—~C
MeAiCI, | -
\SiMe, [AICI,]
Me (eq. 4-8)
SiM SiM . + -
s HOT W smer Tt H_ SiMe 1" [AL,ClgMe]
C—SiMe, C—SiMe, ¢ c
\ AICl / AlCl /N cr .
Cp 2Zr\ — Cp'Zr — Cp’zZr\ SiMe, — Cp'ZZr\ /SIM82
cl Cl—AICl, Me  [ARLCHT Cl (eq. 4-9)

(12) Thomson, S. K.; Young, G. B. Organometallics 1989, 8, 2068.
(13) For a review see: Raabe, G.; Michl, J. Chem. Rev. 1985, 85, 419.
(14) Koloski, T. S.; Carroll, P. I; Berry, D. H. J. Am. Chem. Soc. 1990, 112, 6405.

(15) (a) Campiop, B. K.; Heyn, R. H.; Tilley, T. D. J. Am. Chem. Soc. 1988, 110, 7558. (b) Campion, B. K.; Heyn, R. H.; Tilley, T. D. J. Am.
Chem. Soc. 1990, 112, 4079. (c) Campion, B. K.; Heyn, R. H.; Tilley, T. D. J. Chem. Soc., Chem. Commun. 1992, 1201. (d) Campion, B. K.;
Heyn, R. H,; Tilley, T. D.; Rheingold, A. L. J. Am. Chem. Soc. 1993, 115, 5527.

(16) (a) Eisch, I. I.; Piotrowski, A. M.; Brownstein, S. I.; Gabe, E. 1.; Lee, F. L. J. Am. Chem. Soc. 1985, 107, 7219. (b) Koga, N.; Morokuma,
K. J. Am. Chem. Soc. 1988, 110, 108.

(17) Horton, A. D.; Orpen, A. G. Organometallics 1992, 11, 1193.
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(4)  aPAFE a-AFVBEBERIGICL S Si-C HEDOHHE

BagmnB@CWGM%mﬁﬂgmﬂ)&M%$H&@ﬁmfSFMe%ﬁ@W%%@%bt@q4&®mc&6
liM%ﬁH@SFH%%ﬁ@&%KHM?%C&K&oT&Dt%UX%NVUW%L@IO@X%N%ﬁLL
7 MNEBH I LI L DEROY Y LU ERIERS N ABEERBLTH S, LLLEDS. FAHEAND OTE O
KR & - T 5 R EGATER LI ®ICr A B ETERRNGIRI S LI BEERNT S EHTET,
AFNVED [1,2]-V 7 MEBIZ DO TRED TR,

Sille, oTt
Me3SiH > Cp{(L)Ir Mo
Cp'(L)Ir*—SiMe; — Cp'(L)lr\
Me: lMe Me
> CpY(L)ir*-Si—OTf (L = PMey)
oTt I\Ill
© (eq. 4-10)

FiF. Girolami 512 & » T 248k ETO a-r A ZHBICL S Si-C A DUMRICHERES NI Y. Bol
[CPRuCI],® & Mg(CH,SiMe,), EQRIGIZE Y REGTEROL LT MY A FIVY YIVEEGT S 2 MiSaik [CpRu-
(ﬁM%mkdgmkqmqu%%t@q44no&&%%Kchf@%ﬁﬁamﬁ\hctﬂﬁﬁbtRw{Hﬁp
Me, #AFT Si-C HAVEIM I b D LB 6NS.

Tt WO AN Si-C HAD B/ HE | 2GARTORRI L > T AFIVY Y NED 2 1AL
ABETAIE%E NMR JIEICK VAL T,

Hé __SiMe,
H
Mg(CHySitles), l N /Cz\>
12 [CpRuCl)y —— —Ru\ pu— —— —Ru—Ru
cl
cl (eg. 4-11)

SiMe,

4
Ru—Ru
Nof” ™~

H Sites H
/Cz\ /C*:lz ~ /Cz\ ‘Z
——Ru\———/ﬁu - _ N = Ru -Ru
cl ] - | e

SiMe, Me,Si

2RSSR ED MU XA FIND Y IILEDISE

(18) Burger, P.; Bergman, R. G. J. Am. Chem. Soc. 1993, 115, 10462.
(19) (a) Lin, W.; Wilson, S. R.; Girolami, G. S. J. Am. Chem. Soc. 1993, 115, 3022. (b) Lin, W.; Wilson, S. R.; Girolami, G. S. Organo-
metallics 1994, 13, 2309.

(20) (a) Oshima, N.; Suzukd, H.; Moro-oka, Y. Chem. Lert. 1984, 1161. (b) Tilley, T. D.; Grubbs, R. H.; Bercaw, J. E. Organometallics 1984,
3, 274. (c) Fagan, P. I.; Ward, M. D.; Calabrese, J. C. J. 4m. Chem. Soc. 1989, 111, 1698. (d) Fagan, P. I.; Mahony, W. S.; Calabrese, J. C;
Williams, 1. D. Organometallics 1990, 9, 1843.
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(5) C-H HADERALITK 7 A F— REHS OYIM

BHARSERERIBREH A J LI K- T C-H HAZYMT 25 A 1k 1980 FRIN S BAKFREINTH
%o ZO& D BEAALFAEFRKICL S Si-C HADTMIZ DL TH#OMHEIN TS, ThHDRIETIE Si-
C EAOYIMICETLTEI S C-H #ADRMAEELKE 2 BT EEZZ 5N T A,

v x i
P ’ P b .
N N MesSiR N /SIM82R
P{ —— Pt _ MeSR -
N -CMey e n N
/P>( H R (R = Me, SiMes) » ’PX Me
T L7 i 7 | (eq. 4-12)

Hofmann SEE&NYHRRT ¢ VEALFAHNS I EICE D RPTRAAREFE [Py(dibpm)] (dtbpm; bis(di-tert—
butylphosphino)methane) #RAE I #5 ZLIZHEH LT 5. JOHREORMALIIELT M7 A F VYT 2 Me,Si
D Si-Me f& A= EHTYM L. [(dtbpm)PH(CH,)(SiMe,)] A EEMNIZEZ B (eq. 4-12)2, NFHAFLI Y 5
Me;SiSiMe; & DIKIETIE Si-Si #E TR Si-Me HEOHPVEROICYMINTD ¥ 5 ZLERSHE SN 5,
CHERWIC YRR 4 VA NERWI2H. Si-Si 58 Tk CRNITEAS - TORL C-H AR
BRI LABELMEA U R EZZ SN T 05,

B ILEROFEREICE VT C-H#APERTLE o-BRERKT 2 L RNSNTHAD, eq. 4-12 12
RULRISIEBO TS o- B0 RS TIGEET UL O EEbN S, LI Pi-C/ Pi-H #8454 KT 5
&0 b Pt-Si/ Pi-C # & E LR U ONBAFMIHRIIIDI. o-8KFT C-H #E TR Si-C #A0H
MW I EEZ oND,

3FT/RUI Et,SiH, D Si-Et #5& OYIW & LRM B EHIC & > T Si-H #A0B/LAMONIE S h. {b D
KERWD C-H #HEADRMT A EIlE->THEBIIN LD ER DN S,

UL IhETICHRE SN TS Si-C #AYUBBIGIC OV TIBL T &7, (2), 3) Tz C(B)-Si(y) 5
L Si@B)-Cly) #EA DM FTRICRT L) UM S n A A OME LB AL H 5, ZH S5DHEIKT Si-C o-
&L M-C(a) #EH syn-coplanar ZALERHEE 5D EBEILED d 9iEHS ¢ (Si-C) HAKE TO#¥tS
BRI Si-C HAVEIMENE b DEEZ SND,

(5) I ULTe RIS T C-H #4 D pre—coordination 2% Si-C #ADOYMICH U TEEA KA L E- LTS,
CDEI BT b E—EHEENUE D C-H HADBALNMIR IS B THBITRH ST 5, 5K
BAKED C-H#EA LD BRUE L D C-H BEADHALINFE —DHIAE . BAFMITLRELELTHS

(B(RCH,-H) = ca. 98 Kcal/mol, E(CgHs-H) = ca. 100 Kcal/mol)o UL EEEWRT VA LD C-H #4 ORI

(21) (a) Hofmann, P.; Heiss, H.; Neiteler, P.; Miiller, G.; Lachmann, J. Angew. Chem. Int. Ed. Engl. 1990, 29, 880. (b) Kakiuchi, F.; Furuta,
K, Murai, S. Organometallics 1993, 12, 15.
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SEUVF L LRI L AE RS 1 RCAHMOTER(L

WA s

M M

e 3

EDHR LD C-H A DB HERNICE (BRI TS, C-H EAOYIMNI LD, C=C .
T AR BLT n-BEEBRLIBICATHTR E /0 C-H HEIIHans EEZONTVS (18R

|’ 2

-- H
Lnm--H v

/

LnM + © = LnM@ = O = Lnl\n\®

RUEVD C-H #EOB{LHFmRIc

DB hF b I E K KB CpRu(u-H)RaCp' (1) 400 E FY FRELTOI b 20k E LTH
wiéckuib\%¢T2@@M&Kﬁﬂ%%&&?éc:@ﬁ\m&xﬁﬁﬁﬁzomﬁﬁbtﬁﬁim\b
@%ﬁ%@@ﬁU%u&Uéo:ﬂé@20@%&%@@%ﬁ%@%&%§mﬁ%?é:&K&b\&m%ﬁmu
HUREREINTOREAE DYMT S Z EAAREEL D,

0% 3ETIE2MLT D200 Si-H A 1106 LT ORBNICBRENNIT S J 2B LT
%to$ﬁTu%%1&3ﬂ9§>&®&mK$HE\2&%@LT®SFC%@@W%EOhT@%LtO3&
957&®ﬁmfﬁ\ifSFH%%@@%%HMﬁﬁ:EC&ﬁ?@éﬂéo&h?&&btva%K&E?
%&ﬁ@*@@%guowf@%ﬁ%tnée%EtbfPmﬁﬁpmeﬂLMM%ﬁammyﬁ@Himg%ﬁ
M?F?tFUF%%l&@ﬁﬁ%ﬁﬁbto%@%%\hfﬂ@%ﬁ%SFC%%ﬁ@%éﬂé:&%%hﬁb
2o

28 Si-C(Ph) ¥4 OERLEIFIN

ORLF o W5 b T b K Y ik CpRu(u-H),RuCp' (1) & b 7 = 22T~ PhySiH LORIETHE EA-p-

(22) (a) Jones, W. D; Feher, F. I. J. Am. Chem. Soc. 1986, 108, 4814. (b) Jones, W. D; Feher, F. I. J. Am. Chem. Soc. 1985, 107, 620. (¢
Jones, W. D.; Feher, F. I. Inorg. Chem. 1984, 23, 2376. (d) Jones, W. D.; Feher, F. . J Am. Chem. Soc. 1984, 106, 1650. (e) Jones, W. D
Feher, F. 1. Organometallics 1983, 2, 686. (f) Jones, W. D.; Feher, F. I. J. Am. Chem. Soc. 1982, 104, 4240.

(23) (a) Omori, H. Ph. D. Thesis, Tokyo Institute of Technology, 1991. (b) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y; Moro-oka, Y.
Organometallics 1988, 7, 2243. (¢) Suzuki, H.; Omori, H; Lee, D. H; Yoshida, Y.; Fukushima, M.; Tanaka, M.; Moro—oka, Y. Organo-
metallics 1994, 13, 1129.
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97 2 2V ) U K [CpRu(u-SiPh)(u-H)] (b) EEJ -V 7 2=V U L /A [CpRu(u-H)] ,(u-SiPh,)
(152) PEBLTC (eq. 4-13)0 #5fK 3b & 152 DRFHLIRIEHRMITL > TAE CEAL LT, 3.0 f5EVD PhySiH
LORIETI 3b/15a D 43 70 h . FEILD PhySiH 2 - < D LK 1 OFRICH P LB AT 3b &
152 QAR FIC 15 L7z, 85K 3b, 15a ZHEEL . &~ 'H, PC, ¥Si NMR £ LU IR, FD-MS A7
MV SNSRI A SO TRE Ulce oy EXp-2 ) UV 8K 3b KO0 TR BB EEREEL 2L
PTE, XBEFHRICEY FOMEEEA L (B .

Ph P Ph Ph
\Y Ph,SiH
- ——Ru//\ e - —Ru —Ru—Ru
i Hz CeHe \\/ /
Ph Ph
3b (eq. 4-13)

RIEHD TH NMR ANX7 MIVTIER U RIS E D C Cp BO Y7 A% 6 1.59 & 6 1.40 KM hic,

BIRAHK LI 3b DARY MVEWETH I LIk (2%, SEBR) | 140 KBHllahicy 7 F IV aERu-
YL UHEEIL DLDOERB UL, #ER3IOE Y ROV I FIUIE 6 -19.70 12 Cp FITH L 1/15 DEE%
Botiy Y /Uy bE UTRIIS M |

159 BN Cp £V 7 F MG u-v ) U /R 15a DD ERE LI, 2D u-2 ) L 8K 3b &
15a A & b ERBEICHATH 21D, CORETHE#EZSHMTHIERTEDL, LML, 3b & 152
D5 B 3p KHDBBETKEERG U R 7 VICER ER-p- Y IVEE R [Cp'Ru(u-n2~HSiPh,)|(u-H)(H) (2b)
EREMICHALZEDHOMIE -7 22T, THEFIML 3b & 15a DIREH % 2b & 152 ITRBL . RV
F KT ABBEOEEZFIN LT 152 ZHEEL T (56 %)- _

#K 152 D 1H NMR A7 MW op'k, E R Y FEGLT, 7 22 VERICEERT AV 7 FHNENEN 6 1.59
(30H), -13.10 (2H), 8.6 ~ 7.3 (10H) (RIS Nfc. 2D DRMET A KWL FEHT 5 3b CHRT S L 152 O
FU RERLFD 7 FViE 3b DO LY ERBICEDND, 1K 15a O IR AT MU v(Ru-H-Si) I&5¢
1750 em ™ FHEDIEEORIL. 725 TN v(Ru-H) 1K< 2100 em ™! AR EOH OIRIUIBHIENEh -7, 20
RN OEK 15a 1 p-¥ T VA M-HSIR,H-M. $5 01t 4~ Y VE M-HSiR,-M OV THTH TR I EN
PID, FAED2ODINF oI LE o-$EETRIE LT p=- VB M-SIR,-M TH S Z ERER S N,

p=2Y L 85K, 3b, 15a 1 Ph,SiH @ Si-C #Ea OIS NI RE UTER LI LE@HIATH LD, 74 5%
LT 2 2 VBEER B EUTIEEL T & THF-dg PCRIGEBST S ZLick DRI Nz, BT 2
S, U7 225 v OERIZFERINT . #K 3b, 152 DEBIIH > TNV E v BEXLKEDRL (§ 4.51) D
BUNE NI Thoto, T, RUE VDK GC-MS AXY MV T bHER SN (m/z = 78).

B/ —pu- Y U VSR 152 BERTI Ph,SIH SRIELREV. - T\ 152 BEZ-p-2 ) L 2§tk 3b ~OF
MAE TR, ik 15a & 3b 51 » ORIGEBIE > THEB L bDEEZ SND, TRINSKIGHEL

95



SRIVT G LRI L B A RILRMOERL

Scheme 4-1 107 Uize 14170 PhSiH ARAEL LTy 5 Rk A T Si-C EEOYKIRINE 152 BEK
F2. —Ji. A KbS 1 HFO PhSH HEAT NS HEE D 24U, 351C Si-C HADUHART 3b DR
?%oAbﬁﬂiD%ﬁiéﬁmiﬁ%%T%D\:@&%TE&%ﬁR%éﬂé%@&%Kéﬂéo:@ﬁi@
U5 BRI T AEAR 2 ATOY T VR UL 3b BEEBMER Y HITBERITHLTY 7 Y 0ARL

TWAEAKRIAFOUST v EDRGILE > THONS 15a BEAENERD L VI FREERELC—HL T

5o
Ph, T Phy Ph
P . N2
L | I §
HH PhaSiH AN i - :
Rl ———> [Rul—(Rul — [R\ul—/u;ul —— [RU]—[RY] Ril—Dhul
P -H P | “u” Vg
HH H” O H 2 H™ H Lo e
1 A B c 152
PhgSiH l-Hz
Ph, Phy Phy
. ) si—C >
PhsSi  H—SiPh H )
VA \ [, / H\ / H\
[Rul—Ry] ——= [RUI—[AU] —— [RUI—[RUI —_— [RUI——IRUI
e AR VA
H H oS Si
Phy th Ph,
[Ru] = (CsMes)Ru D E F 3b

Scheme 4-1 2HLF=94LF b5EFU KK 1 & Ph,SH ORGOFEENIHIE

C®ﬁﬁ®ﬁ%%&%ﬁ#@spH%Q®&m%ﬁm N T Si-C HATIBIh TN A8TH S, BILAIT
Iz UTARERE S Si-C CBEBETARETOIL - TERLIh, ZUTUMShizbDEEZL 51,
Bimetallic Activation EFRITAEDLORIETH B0 RIGOYBRETO Si-H #& OB INO BRI H K
1 & Si-H E4 4720 PhSiMe; E04 S RIS LD EDIEEN O bR TE D, £ 7o, Si-Ph R OHIRTH
7 2 ZJVEDE L SR 2R A Sl - THERIENIEEZ 6N %, Scheme 4-1 DRREE C
55 E RIS Si—C A DI 7 x Z)VED pre-coordination 12& - TVF =7 L&l A RO IR
FAERDEIICE L. ZO#E, Si-C HAWYMIhibDLEbNS.

UAFIEZIVYF Y Me,HSI(CH=CH,) &7 b5 £ FU Pk 1 EORIG TR Si-H #a &7 AR EOE=
D 2 DDNF = ML ENER n2-BL Ut pu-E =V Y T V8K [CpRu(u-H)],{u-n*n"-HSiMe,(CH=CH,)}
(16) BBHNT B, Hik 16 OFIRETFICL » TRESNTOBH, FHEANY MVT -8 5L OHED

BANTz, 1K 16 1T Scheme 4-1 1R LI PRA C E DETIMALAWERLET I ENTTE, PhySIH DT ==
WVEES 16 O =)V 3 & RIRkIC B Ui D MR A - b DEBR 515, Fio. 4K 16 D Sic

{24) Amako, M.; Takao, T.; Suzuki, H. unpublished results.
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Me Me

u-E=I S Uik 16

vinyl #HERMBT 5 L ->THW N, u-2 Y VBRI TFE5A5 () .

HETHRNILITT ) =AY 20 Si-C AN » TRETFREIL » TABICONENE 2 LB h

The KRIGKBNTO T A KD B-EEERLUT. A A VHOPBEERERHTAIBIELEZ LI L LTHETH
- B NvERE THE PTORIGEREICI EEDED > 72 28D 5 Si-C #HEDYIMNE Scheme 4-1 1TR LT
L IS ntROEREBTERT B LD AL,
g 2HNTZILT M ERY PR 1 & 25 BEND VT 22V A F VYT ¥ PhyMeSiH & DRIE TIEE R —pu-
7L;wx%wyuvyﬁwumkmmﬁmmgw4m2@m@mWM)@ﬁ%ﬁﬁ%@ﬁ%%ﬁ%éht@q4-
14). 851K 3d O 2 FEID VAR, syn K& anti REZTNTHBBT 22 L TEEH - o, EET 'HNMR
BIBAATIE) JEIZED. FNO6DANT MVAEGEE U TERT A2 EMTE (5ESR) . 'H, °C, PSi NMR
LU IR, ED-MASS AR MUZEDSO TR 3d 2REL .

Ph Me Ph Me
I //\\ Ph;MeSiH A )I . A
. - .
SR e R VA
Ph Me MePh
3d-syn 3d-anti (eq. 4-14)

L R 1 & PhyMeSiH DRI THE -2V L v 85K 15 DAEKE L BRAlShEh -7, ZHi Ph,SiH I
BT PRMESH NSO AFTH BRI, 2AFHOY 5 U ORIMERIE T - LR EEA SNB, OF
5 ;1 9\ PhySiH ORIHC BV TIE Scheme 4-1 (R L7 A SR ICRAR > TOBIHIZ 24 FROY T Y
L ORMAERENE) -t L 81 158 SRS BOICH L Ph,MeSIH EQRISTIE A KL 3 1 4T0
L USUBEML D EBTE A Y LY BEVERT 5 bOLBL BN,
i ? YUNHEAE D HE0E EDSEZX-u-v ) UV 8K 3d DEKT HRETES Si-Ph #EEOYIMHE 50
B BIENAES KT 2SO n R - T Si-C SADBNAIIRIEAT YA FSATH Bl b
ABN5,

3@ E= IS UEORIE

2BNVFZU LT P ENY REE 1 EEZNVY T VREDRIGIIE FITL - TEMICKE SR TL B 0%, &
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AT T ESVEER TS 3B T Y Me HSI(CH=CH,) &#fk 1 LORIE T Si-H #a L7 AR EO LIV
BENFNOINT 209 MTEL Ut u- B2V 5 V38K [CpRu(u-H)], {s-n*n’~HSiMe,(CH=CH,)} (16) D5
NIz (eq. 4-15)s IAFIVEZNVY T VNS RGFTH LI bDD 53 R 1 L 1A F UG L,
S AU 2 R L 1 A U TR R A A L O VRN B D LK > T 28T HO Y T » ORALEN
BUkicH EELON S,

Me Me
Sl
I
H/
// \\ ‘2 MezHSl I/ ,’\
\ // /Rli\/?u
\ H H
! 16 (eq. 4-15)

40k 16 14 fluxional THY. 3OO NV FEH T3 FREBE LT 5. 40 °C THELZ 'HNMR ZA
g MM RIEES 1 RO E—2 ELTRAAKE RY FO Y7 IUE, =70 “C TR 6 -19.93, -14.45, -8.76 D%
ﬁﬁwso@%wﬁ—ﬁmﬁﬁbtoit\:m°CTM%LtHH4DSYx&7bwmua-MAS@tPUF
L AE LD AFVEEDIIHENS S ZEHDIY. 6 -1445 DL N Fe 28+ 3 FusEAFERL TS
ERY RERE Uiz, 854K 16 KB TEKEN TS 2E T 3 dul Ru-H-Si HA/EAHE IR (v(Ru-H-Si) = 1943
cm™) B LU PSi NMR ARZ MV (m, 8 115, Jgyy = 51 Hz) (KX OFER SN BEF6 DD AFIVIKFEESD
DERY REDRE VLI - THIE 16 ® PSi &7 FIVITEHL multiplet & UTBRIIS A A FIVKE
EDRAE SHEETER (ca. 6 Hz) %3 LB S ERE DA AREERY REDA v T VIREERDI. 32Dk
R RER FRIOGRBROIHIE PSi v/ FVEZETRNERE LTSN G, Tl BMTOAy VAN
UH&H?E@U$H®U3®@&%iBﬂ\%@X&?FW@B%%I6@J%H%X®tO

SRAFG 2B Uiy A H Lo VEQT 0 b YD Y 7 F Vi §3.83 (dd, Jy_y = 14.5, 11.5 Hz, 1H,
4}#CH@4ﬂ7@”&$=145Hz1H-CH{HH)4m(dLFH=U5}Q1H,CH4MH)KﬁMéﬂtO
F. BONMR 27 MV EZVIEICHET S 2RO ¥ 7' F IV § 62.7 (1, Joyy = 154.1 Hz, CH=CH,), 68.0
@, Joy = 136.1 Hz, CH=CH,) IZZNENBRIS N7,

44K 16 14 Si—Ph AT OTIRKTH S 7 2 ZVED n>-RUEOETNVERBTI LN TEHH MATH

K&D16®SFWwH%é§7liwﬁﬁﬁﬁﬁk%KﬁMTéc%%16@%»17@%%Mﬁﬁélkﬁi0
@O%Nlh}16@n1$4{%%&SFWmd%%ﬁ@%éﬂnmyUpy;WJ?UE4V%WUbRﬂﬂk
Sﬂkﬂp@M@W%D@%)ﬁﬁ@ﬁ%%:%bﬂt@q44®o%LBQ”$NMRH&UHLH}MSX&7
MLk & OTE RIS T &S 132 ZRE LT

Me Me Me Me
o o
Si—y 1
H/
l/ ,'\ 80 °C, 1h, > 90 % /
/Rl{\/Ru > - —Rl\leRu
) / . X
HH / He H\<
16 13a

(eq. 4-16)
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FrAFRECEBRELEUT tert-7 FNVEERORE LT V) 5 A V85K [Cp'Rul,(u-Si'Bu,)(u-CMe)(u-H) (13b) i3

p-E=Iv ¥ U VEK [Cp'Rul,(u~n~HSi'Bu,)(u~0:7~-CH=CH )(u-H)(H) (12) OBAMRRIGIZL - THON S

(3EBM) . 15T eq. 4-16 IR LIRS 16 O Si-Vinyl A OUMNI L A ZE EZIVELH T2 RHED
EFARTHET Uy IROTEZNVERLF ) 74 UAEHIN D EEZ OGNS,

54K 13a © C NMR A7 MUCIE 0 387.7 (5, CMe), 40.0 (q, Jo gy = 124.9 Hz, CMe) IBUELF ) 51 &
u%&ﬂ@f; VTPV NI Ty THNMR AR MUTHEEF Y 51 VIZERT 597V 63.95
KERbh I,

%72, 1K 13a ifluxional THY, Y1 EED A FNVED V7 F b CEINBROFEAEHERTE /., -90 °C
THIE U78ER 132 @ TH NMR AN FUVCEEE T AR EQ A FVED Y T H VL 2KDEREDE—7 &L
TEHINAH (S 0.75, 1.75) #EREL LTS ZEICED 200 E— Z7I3RILICIEY. 60 °C THA (coalesce)
Ufc. BABETOBERO ER(LT 2 VF —134 14.9 Keal/mol TH T, TOERERIETE FY FOSFA
BEICHAbDEZEZTOEH, BEVY L R OB L 2O Wi B TE/50 (Scheme 4-2),

(A) Hydride Migration
Me Me Me
7N 7N N
[R§1]-—/[Ru} P [Ru] }?u} — {Rul—[Ru]
H” si-R! '_L Si RZ\Six
’ [ 2/ \ Rl1
R? R® R
(B) Ru=Si Rotation
Me Me Me
N 7N N
lﬁvl—/[Ru} == [HU\]-——[RUI = [Hu}——;[RUI
- -~ 2
H ?i—ﬁ’ H Ju H ?i,R
R2 A7 Rt R'

Scheme 4-2 u-TF U %54 vk 16a DEENAE

481 Si-Clalkyl) ¥&OBE/LETM

T VEARTLH 3BT ThHD PhySiH, Ph,MeSiH &7 h7 & RV Rk 1 EORISTH Si-Ph #8680
BRALOAHIMC £ 0 - Y L VSR ER Y U ERT A Z EMIH SN o 72, T, Ph,MeSiH EDRIGI B L
THEZ-p-7 22V AFNV Y LUk 3d PALOAE BT C BN T, Si-Me #8132 CRISIEESLTH
B Ebhote, UL L. 722 Y AF VYT PhMe,SiH 2HE E UTAOZHAITILEBRNY Si-Me
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TR AR L DT A RLAHORBRAL

AU BIEIN T,

QHNTF = AT b T R Y REEK 1O MV VBRI 2.5 f5E)LD PhMe,SiH 2EBTMA 2 & 2 AL Bilko
RO R OREAN LB U, RISE 1 BETRT U, BEEARIERER LTS Z L0 L W BROL R0
RamEB. BANO ) BELEMNI N OREARERO EXu-2 Y U V8K [CpRu(u-H)],(1-SiMe,)(u-
SiPhMe) (3e) &+ 3e DRI LIOKRERIET 5 2 SIS L O LR LI EZ-p- Y VK [Cp'Ruly(u-n~HSiMe,)(u-
n2-HSiPhMe)u-H)H) @h) TH-7co 7o METHESD 503 Si-Ph #5E DA YU S N 72 [CpRu(u-SiMe,)(u-
H)], & [CpRu(u-n’~HSiMe,)],(u-H)(H) BIFET 5 2 LDRAND FD-MS ARY ML O SNl -7 (%
BRIESE) . 7. Ph,MeSiH ORIGERBRIZE ) —p-2 ) U VERIEER L TO RN I Edbiv o7, Thig
PhMe,SiH DVAEMICEDNSERFTH Y SHIEHAISH U TR 2 4 FO%ELE - RITE 2t %25
h5,

H H J / \
A PhyMeSiH /H.,
‘ﬁ—ﬁ'u//\ﬂu )I —2—I> -|-Ru ‘Ru—+
4

- Hy, - CeHg §ﬂ7

(eq. 4-17)

B R —p— U IVEER 2h DERRZIHS S 7eDICRRIGRPTRIAE LIk EE LR ET20ELRH 5, £ 2
TTNT YRR T TRIGETEO. S oMK E P ERERK L A0S 0°C TRIBETE 572 (eq. 4-
17)e Z DR ERX-p- ¥ J VEEEROERETLIMHT 5 Z ENTEL 90 % OWETRALEEE D EZ—p-
U L o gEE 3e %137 (by 'TH NMR)o 54 3e HBWICARETH D, Flok « ZEIHM U THARETH AL
PHAT L7 AT N T 74—l BHRIETEED 7, U U, RUZ VEBRPN ORI EE ZEI2ED 3e
A BT 5 C EATET, $HK 3e i 'H, UC, PSi NMR B LU IR, FD-MASS A7 M V12 SN TLRHTEI
BT Lite £ XEEFIEC L D 8568 e OHREE Y51 Lc ()

HETHE U 88K 3e D THNMR AN MU A FHEDIBBO A FIVED Y 7' F IV 6 1.20, 1.02, 1.01
ERlshic, o0 ERY RREACETIC VT FVBIBEOE-2 L LT 6 -20.64 2H) 12, $hrAHF LD
7;;w§@y¢%wual6~luﬂnKZE%&LT@MéntO”ﬁNMRx&ﬁbw*ﬁzxwyffwﬁ
d§ 112.3 (u-SiMe,, W, = 9.8 Hz), 107.9 (u-SiPhMe, W, = 6.4 Hz) IKBIRII Nic, SMEEE X CRREDMEL
HILE—7 OREWONIT B EJTELD 1, 2KDE -7 OFMER W, 21T 52 &tk . #0%
NAERE Ul u-SiMe, D7 A RO/ u-SiPhMe KHANT I EL DKEEA » 7Y v/ BlbicE—7 D%
KOMEIRIEC HBBDEZEZ SN, WH>T 61123 DY I FIVE u-SiMe, 12, 6 107.9 % u-SiPhMe EIRE Lo

RATERIE Z—u-2 ) U 8K 3e W5 FAICHBRLA B SOBETH S0, 2ODREE K Figkeqs

KBMENS. UL, ZRTHZELZ THNMR AN PVICIE FY FIZES U7 IVIIBER 1 RO E -2
LT NN, BETE THNMR AEIZE D 2. O N FIIGFRNEBEHLTHEIEAWOMILE
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5 EER) -
<%Z3emﬁ%%%ﬁ@EXjkVUUV%%T%D\%@%ﬁ@é%@3e@%%74%mﬁ%ﬁ%ﬂgﬂ5%
121+ —H Tid PhMe,SiH @ Si-Ph #£AH. i T Si-Me HADBROIEM ShcZ LHHOOTH B, L
U BAED EZARIGCEIICET 20 RIEHE SN THE L,
40K 3e IO EX—pu-Y Y L v 8K 3b~d EHND EBICARETH 5. 8K 3b~d DIERE ML v BRikE
ETTREHMBLUTHERu- U L U8 EIEIL AR UL, LU 85K 3e iMBUC LD B MR LTz,
it\%%3e@bwlyﬁﬁ§?wj7§@ﬁT\—m°cf@ﬁbf%%bﬁﬁ@ﬁﬁé\4@ﬁﬁgmﬁbt
LA LT S0 % BT 3e H2HOF I E KU RIS CpRu(u-H) RuCp' (1) AEGTKFEDILANOR
emESZ1.

Pl k. Ph,SiH, Ph,MeSiH, PhMe,SiH, Me,HSi(CH=CH,) & 28IV T AT b E N FEERORIGIZBNT
Si-C#RPIMENG Z EXM SN -~ Tc. THODRIGDR S EEL AL Si-C HAOYIMD Si-H #5408
LRIFINC & > THERISNTNE LW HTHSH, 8K 113 Si-H #EERFIZIL YT~ PhSiMe, &i3£¢
RIGUED -1 L0 FENS S Si-H #AD [ pre—coordination ) 1 Si-C #ADYIMIZ L » THETH B &M
bbb, INODORIGTR 2 D207 29 LPLD ) H—72 binding site & UTIEAL. &5 —FD Si-C #4
DOYI¥CHED > TH Y Bimetallic Activation DM IEHI L1 - T %, |

581 ER-u-2 UL Uitk 3b, 3e DIEERIT

ER—u-2 ) U 84K 3b, 3¢ O XEREERITIC DO TO XEEERITORE LM, L RS ¥HF — 4 % Table 4-
3RE LD, WTROBHALHIER 23 °C THHEL., MELLT—F DI B 30 UEOBELRE M K% A
DT U7, HIBET2D0N 72y AEFOREZ KD, 7 ) TERKIC XD AFRUNOLETF OB BE
Us Full-Matrix BUNBRIEIC L OB U, 85K 3e OE N FOMBRFETE M- LD, ERpu-V 7 2
=NV U gk 3b DIV MR U7 22D KRR TOMER 7 — ) TAKO BB THRETA 0T,
KEUNOLTORTIIESHICERL. AT ACRM Uk FY RIS U TREAFMICER U, BT,
TNENDEERDHEE IOV THERS,

[Cp'Ru(u~SiPh,)(u-H)], 3b) OB, N7 HLORHIELECOT Y ALRERBOTER -V 7 22
WL gtk 3b O X EHEERITR4T - 1oe © OWEER Figure 4-1 1R Uize $ho, BFHESLELBDS
LEE S D% Table 4-4 K LT,

VT = LEOEREE 26650) A TH Y, EZ2-u-U 7 2=V JIVEEK 2b D 3.0019(6) A LT 5L 10 %
BEEV, JOERIIVT oY LAOZEESOERICHYE U, £/ Ru=Ru BAEZ 25 LI &Y ik 3b 122
MfafE%, 7 AF - VT LEOEEE 236 A (av.) THY, THRBLEIN TS Ru-Si BHESER
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Table 4-3 ${k 3b, 3¢ DHRFM T — & LAERH

3b? 3e”
(a) Crystal Parameters
formula CuHgRu,Si, CyHeRu,Si,y
crystal system triclinic triclinic
space group Pl Pl
a, A 10.771(3) 14.602(3)
b, A 11.286(4) 18.901(3)
a A 10.728(4) 11.238(4)
a, deg 120.48(3) 94.45(2)
B, deg 92.98(3) 90.57(2)
y, deg 113.09(2) 99.32(2)
v, A3 980.5(7) 3050(1)
Z 1 4
D e gem® 1.421 1.422
ternp, C 23 23
% cm™ (Mo-Ka) 8.44 10.84
(b) Data Collection
diffractometer Rigaku AFC-5 Rigaku AFC-5R
radiation Mo-Ka Mo-Ka

(& = 0.71069 A) (A = 0.71069 A)

monochrometer graphite graphite
scan type » /20 w /20
2, 50.0° 50.0°
scan speed, deg/min 6.0 16.0
refins collected 5181 11201
independent data 10740
independent data obsd 3193 6270
(c) Refinement
R 0.0284 0.049
Ry 0.0330 0.039
variables 229 595

2 Data processing of 3b was performed on a FACOM A-70 computer by using the R-CRYSTAN data collection program system.
® Data processing of 3e was performed on a IRIS Indigigo computer by using the TEXAN crystal solution package.

(2.288(11) ~ 2.507(8) A)¥® OFIHNTH »7ee 7 A REKFDOHDEHET 2.2903) AThHh, ZOMIIZEET
ORI EVEBREE L 0e Fhoy trans KERAUIT AR EOI 380 A BEHNTE Y. A ERICbRART
WEFZO6N S,

25DV F = METFE 200K 4 FTHRIN 5 NATEO WA 360° THY . 4 DD FRIFEEICR-F
B RIS LTS ZED s, 12, Ru-Si-Ru OFEIE 68.703)° &\ sp? HORFLELTEDEHHKE - T

(25) (a) Straus, D. A; Tilley, T. D.; Rheingold, A. L.; Geib, 8. L J. Am. Chem. Soc. 1987, 109, 5872. (b) Straus, D. A.; Zhang, C.; Quimbita,
G. E.; Grumbine, S. D.; Heyn, R. H.; Tilley, T. D.; Rheingold, A. L.; Geib, S. I. J. Am. Chem. Soc. 1990, 112, 2673. (c) Campion, B. K3
Heyn, R. H; Tilley, T. D.J. Chem. Soc.,, Chem. Commun. 1992, 1201. (d) Campion, B. K.; Heyn, R. H;; Tilley, T. D.; Rheingold, A. L. .J. Am.
Chem. Soc. 1993, 115, 5527. (c) Crozat, M. M.; Watkins, S. F. J. Chem. Soc., Dalton Trans. 1972, 2512. (f) Einstein, F. W. B.; Jones, T.
Inorg. Chem. 1982, 21, 987. (g) Klein, H.—P.; Thewalt, U.; Herrmann, C.; Siiss—Fink, G.; Moinet, C. J. Organomet. Chem. 1985, 286, 225. (h)
Brookes, A.; Howard, I.; Knox, S. A. R.; Riera, V.; Stone, F. G. A,; Woodward, P.J. Chem. Soc., Chem. Commun. 1973, 727. (i) Edwards, J.
D.; Goddard, R.; Knox, S. A. R.; McKinney, R. I; Stone, F. G. A; Woodward, P. J. Chem. Soc., Chem. Commun. 1975, 828. (j) Howard, J.;
Woodward, P. J. Chem. Soc., Dalton Trans. 1975, 59. (1) Harris, P. J.; Howard, J. A. K.; Knox, S. A. R.; McKinney, R. I; Phillips, R, P.;
Stone, F. G. A.; Woodward, P.J. Chem. Soc., Dalton Trans. 1978, 403. (k) Djurovich, P. I; Carroll, P. I.; Berry, D. H. Organometallics 1994,

13, 2551.
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Table 4-4 EZR-u-S71=/L ULV 3b OF
LERFRIER (A) L&EAH (Deg)

(a) Bond Lengths (A) (b) Bond Angles (Deg)

Ru - Ru'  2.665(0) Si - Ru - Sf' 111.30(3)
Ru-S8i  2.364(1) H-Ru-H 79(1)

Ru - 8" 2.360(1) Ru - 8i - Ru' 68.80(3)
Ru - H 1.72(3) C11 - Si - C21  107.2(1)

Ru-H  1.733)
Si-C1l  1.891(3)
Si- 21 1.885(2)

Figure 4-1 ER-u-J7zx1=/bi ULk [CoRuu-
SiPh,) (u-H)l, (3b) DAFHEE

VB, FARERAIT £ ZIVEOHE C11-Si-C21 1F 107.2(1) EHSMT sp® HERLTE D, “ERAUD
HEFRICL > T2 20M7 20 APLNECHEMI T o N, £O#ERE LT Ru-Si-Ru BEAICE 70D LR
bhs,

HEDB o INC SN 4u-2 U LV EEROFIEZ 0D, LTNOBHEA S M-Si-M HOAEN sp> HOFETELT
NS (70 ~ 80°) DB TH 5 (Table 4-5)°77. BB - EBHAILL - T2OOEBEPRHTHFO TS
DI M-Si-M HOHERSGEHIZE -1 EEZONTE P, FRIZSBMIGEAHOHILERPELE L
54 (Table 4-5, entry 19)** HEDAEERE CHD sp’ HOFFOZAUTEDC, Fo. £BMIC ZEHELH
FETAHAE2OOEBPONL DM CETHI oh iR, M=Si-M O EIL 70" LI FIC7 % (Table 4-5,

(26) Simon, G. L.; Dahl, L. E. J. Am. Chem. Soc. 1973, 95, 783.

(27) (a) Cowie, M.; Bennett, M. J. Inorg. Chem. 1977, 16, 2321. (b) Cowie, M.; Bennett, M. 1. Inorg. Chem. 1977, 16, 2325.

(28) Crozat, M. M.; Watkins, S. F. J. Chem. Soc., Dalton Trans. 1972, 2512.

(29) McDonald, R.; Cowie, M Organometallics 1990, 9, 2468.

(30) Ciriano, M.; Howard, J. A. K.; Spencer, I. L; Stone, F. G. A.; Wadepohl, H. J. Chem. Soc., Dalton Trans. 1979, 1749,

(31) Ueno, K.; Hamashima, N,; Ogino, H.; Organometallics 1992, 11, 1435.

(32) (@) 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.

(33) (a) Coleman, 1. M;; Dahl, L. F. J. Am. Chem. Soc. 1967, 89, 542. (b) Stevenson, D. L.; Dahl, L. F. J. Am. Chem. Soc. 1967, 89, 3721. (c)
Dahl, L. F.; De Gil, E. R.; Feltham, R. D. J. Am. Chem. Soc. 1969, 91, 1653. (d) Connelly, N. G.; Dahl, L. F. J. Am. Chem. Soc. 1970, 92,
7470. (e) Connelly, N. G,; Dahl, L. F. J. Am. Chem. Soc. 1970, 92, 7472.

(34) Herrmann, W. A.; Voss, E.; Guggolz, E.; Ziegler, M. L. J. Organomet. Chem. 1985, 284, 47.
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Table 4-5 £ u-v U LUBEO M-Si-M DAEE (Deg) &2EMBERE A)

Entry Compound M-M (A) M-Si-M (Deg) ref.
1 Mny(CO)s(-SiPhy) : 2.871(2) 73396) 26
2 Re,(CO)g(-SiPhy), 3.001(1) 757(3)  27b :
3 Rey(CO)(H)(u-SiPhy) * 3.052(1) 73601) 2 ‘
4 Rey(CO)(H),(u-SiPh,) * 3.084(1) 74.95(7)  27b
S cis—[CpEe(CO)],(4-SiMeSiMe ,)(u-CO) 2.622(1) 69.593) 31
6  [CPRu(CO)u-SiPhy)l, © 3.113(2) 81.6(4)  f
81.5(4)
7 [CPRu(CO),(-SiPh,)(u-CO) 2.846(2) 7331 f
8 [CPRu(CO),(u-SiEt,)(-CO) 2.872(1) 73.949) f
[CpRul,(H),(PMe,)(u-SiMePh) * 3.015(2) 791509)  f
78.90(9)
10 Ruy(CO)(SiMes)y(u-SiMe,), 2.958(3) 746(2) 28 -
11 [Rh(CO)(u-SiHPh)(dppm)], ¢ 2.813(1) 735(1) 32 v
12 [Rh(CO)u-SiHEN)(dppm)], 2.814(1) 73.62(6) 326 ;
13 [I(H)(CO)u~SiHPh)(dppm)], 2.879(1) 7572) 29 :
14 [I(H)(CO)(u-SiPh,)(dppm)], 2.8361(9) 7S1 29 7}
15 Pt(PCys)y(0-C=CPh)(u-0:n>~C=CPh)(-SiMe,) © 2.703(1) 7011) 30 ;
"6 [CpRul,(u-SiPhOMe)(u~OMe)(u~H) * 2.569(5) 67.53) 35
17 [Cp'Ru(u-SiPh,)(u-H)}, 2.665(0) 68.703)  f :
18 [CpRu(u-H)],(4-SiMe,)(u-SiPhMe) * 2.659(1) SiPhMe; 69.20(9)  f f'
...... SiMey; 68.830) ...
19 [CpMn(H)(CO)],(x-Sit,) 4.306 1244(3) 34

2 Hydride Ligands were not located. * Cp; ns—CsHs, °Cph n5~C5Mes, 4 dppm; 1,2-bis(diphenylphosphino)ethane, ° Cy; cyclohexyl,
f This Work.

entry 16 ~ 18)>,

[Cp'Ru(u-H)],(u~SiMe,)(u-SiPhMe) (3e) D&,  Mixed-Bridged £ R-u- VL 85fk 3e O XIRHEIEHHT
KRV Y L) SR REOESERV . 7 TABRIKE DTV T =7 ABICEB L2 D2DE Y
ROMEARTET 5 Z EHTERR LA, ZR7 MVF— 105 b 3b EFEOMETHS - EAHB Lz, 340k
3e DEAMRTRICIE 2 BEOMT HAFH 2 DTOREN TV, FALRABNICREA—ORELTEY., 8
D L EAMICE L THAREDMEZ R U, Figured-2llEZN 509 b—H D4 FHEEE R Uiz, 72, bt
B SN A0 BEEA 0% Table 4-6 1F W1, L
Figure 4-2 D GBS ML 1T, 3e 12 3b L34 £ LOBRAOEEN R4 5L, R UHETH 2. €
3e—1 ThE Sil EiZ. 3e-2 THE Si3 L0 7 = ZVEREE L THA 7w, 3b EHRD ERTFORTHIEN,
. Si2 (Sid) BENTIEH B4 Rul, Ru2, Sil (Ru3, Rud, Sid) D SR INLFHHA TN EZAILH S 4
SORTH ORI NAMAEONA OREEN TN 358.9° TH- 7

T, AT S NCEAREICE LTI 3b LAREDEATR L TH Y. £ OBMIRLEE BT 215
FoBBERoNED T,

(35) Campion, B. K.; Heyn, R. H,; Tilley, T. D. Organometallics 1992, 11, 3918.
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Cig

C
C

12
} cin
1
QS
Clo

Table 4-6 $#{k 3e OELEFRTREER A) L&EH (Deg)

Figure 4-2 Mixed-Bridged EX-u- U L Y8k [Cp'Ru(u-H)],u-SiMe,) (u-SiPhMe) (3e) D4 Fikik

Rul - RuZ  2.659(1)

Rul - Sil 2.343(3)
Rul - Si2 2.350(2)
Si1 - C1 1.88(1)
Si1 - €7 1.89(1)

Rul - C10 2.21(1)
Rul - Cl11 2.22(1)
Rul - C12  2.18(1)
Rul - C13 2.23(1)
Rul - Cl4  2.17Q0)

Sil - Rul - Si2
Sil ~ Ru2 - Si2
Rul - Sil - Ru2
C1-S8it - 7
(SR Ru2 - Si2 - Ru2
e C8 - 8Si2 - 9

Ru2 - Sil
RuZ - Si2
Si2 - C8

Si2 - C9

Ru2 - C20
RuZ - C21
Ru2 - C22
Ru2 - €23
Ru2 - C24

111.0(1)
110.9(1)
69.20(9)
106.8(6)
68.83(9)
104.3(6)

(a) Bond Lengths (A)

2.340(3)
2.355(3)
1.90(1)
1.90(1)
222(1)
2.18(1)
2.19(1)
2.19(1)
2.19(1)

(b) Bond Angles (Deg)

105

Ru3 - Rud4 2.661(1)
Ru3 - S$i3 2.337(3)
Ru3 - Si4 2.362(3)
Si3-C30 1891
Si3 - €36 1.881(10)
Ru3 - C39 2.18(1)
Ru3 - C40 2.17(1)
Ru3 - C41 2.22(9)
Ru3 - C42 2.17(1)
Ru3 - C43 2.22(1)
Si3 — Ru3 - Si4
Si3 - Rud - Si4

Ru3 - Si3 - Rud
C30 - Si3 - C36
Ru3 - Si4 - Ru4
C37 - Si4 - C38

Ru4 - Si3
Ru4 - 5i4
Si4 ~ C37
Si4 - (38
Rud - C49
Ru4 - CSO
Ru4 - Cs1
Ru4 - C52
Ru4 - (53

110.8(1)
111.0(1)
69.17(8)
105.8(5)
68.87(8)
102.4(5)

2.351(3)
2.344(3)
1.90(1)
1.87(1)
2.20(1)
2.18(1)
2.16(1)
2.25(1)
2.19(1)
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5% u-V) LUBHOEEE LT ONYE

F£0E p-YULVEROEHBELUZOME

181 #8

FARERMLTELUTHT 20 EBSBEAI Wilkinson 512k - T 1956 Ficamanricl, #hllk,
BELEDETHEELE OAT A ZRHEPARINTELDL, ZORIGHIZOW TEODE LN BRIZ I - 120
HERAEA LT 4 DE KoV IUMERIGORRLUBO ZETHY . RIS, 1 EHEOLEN S 10 EBRD O
ETH-13 D%k, b Fo v VIMERIGOEELERBETH S Si-H A ORIE IR I B3 5 —E K
F7LHFFEAY Graham, Schubert, Corriu HIZ& - THANA & RY F= VY VEHKOWE ik 4 L8 ST X iz,
X 51T, 1980 FEMRHE LTI Harrod®, Tilley® 510 & » THIENERLBA B MBS L DKEEARK
GOSN M-Si #EDORIGHH A VILEBERE LTO A RBMTOEBIH L TL ) —BOFOEL IS
bhB LI -1,

2ODERBEICTAERD o-HATEB U u- ) L U8KRIZ. 2LORIGTHEEREZEZ SN TV BENRE
(VU V2] SR, ZRAGHRTI A RUADDORESE, TNEBBEBLICEALLDDEEZ NS, 4
YU LU BEOARAI 1960 HRICE TIHOIFH I ENTEBH2 ZOABIKIIAL B4 A T AN OREI
Lo TUTFIRT A - D 04580 IKHHTE 5, |

A 2HRERBLIRY S VEEROIZAK
B.Si-H#&8%FT5VY 7~ RSi-SiHR, #AL A
C.No T M7 A 3 R,SiX,, R,HSIX 2 AT G

D, Si-C 4 DBRABNIC X5 A

D b EEEAO RAEE O RIG. 2HEREEUEMBERLORIGICIETS I EHNTEETHEH, F
DRIGHERINF U TEITT R E£Z 5NB, ARV TR —8BEEAO 4 ) L BEROA R
BHEINTL 20, BT UbRIGORICEE - REHAPRN INTHE DI TR Y¥5 ¥ Me,SiSiMe,H
EIBD KT A7V A=K My(CO),, (M = Ru, Os) EDRIE Tk 3HHERRF SIS, €8  £BEAOHN
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THIVT Y LRI L AR A RALEYOTE AL

PR o FdE R, 2HD u- ) L VK [M(CO),(u-SiMe,)], DANE 5157,

FORREOEISE I RR T 4 VR FPE R FEER L > T2oDOEBNER SNABAEORIETH ST,
:h6®%%fm\ﬁm®%u20@%%bk$§ﬁﬁﬁ?%:&a<%%&%ﬁ%uﬁﬁ?%:&ﬁ%%éhéo
&mmﬁmmmag*dBmzmﬁébm1ﬁv5y&2&%%&@&%?20®spH%éwﬁ%%ﬁ@m%Hm
Kiofwﬂuvyﬁwﬁimtél&%%ébubk(2E§%>ob#b\2&%5h@%&&%%?@%§
DEMALICEET BTFIIDE . Z O 2 A A A 4= ) L U BROGEIC OV TORE BB TSH
%o

A 2BELEIEY S VEEAOEAE —— 2ERED Si-H A0 ——-

TEHANE2HYT VD200 Si-H EAD 2 DOEBHFNCBLICHIT 5 J &Ik D 2HERIEHT
75 BRI B b u- Y U VSRR S NG, Si-H EADBRLAITHINT 2 7201 R R LG LICRChLA S
FEA ST 5 2 EDBETHHHN eq 5-1 (R LI RIS THEIEORENC X » TAVRZ VA 2B S B, R
U TR A BRI AT ST A%, BHOLOBH I A VA VR AT B Sk LIS R AR R T S
W5 AR EETH Y . FREFEREOTEL O p-2 ) UV BEIEHIN TN SS, Eio, HEROE LR
HOBARIETIH2ET 3 Pl M-H-Si #AZH TAHAENBONS (eq. 5-2)% 2BIBREDRIGITDONTH
2EOHE THICRRIBY TH D (2EER) .

Ph,
Si\
PhySiH, /- CO
Fe(CO —_— T,
[Fe(CO)s] — (OC),Fe /Fe(CO),, (eq. 5-1)
si
Ph,
R
17
[PUCH) PRy — P22 pop py Pt—PR',
(eq. 5-2)
si—H
Ry
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’ 5E u-3) L USROS LU OMH
B. Si-H #&%H 75V V7 v RSI-SiHR, & A AK

Si-Si #iA b Si-H & ERRICRRE AR ICRILICHINT 2 S LA oNT 5. P27 ¥ RSi-SiHR,
BHOIEA. Si-H A OB LININITES Si-Si HAOUNMED 5. ZOBRIZ. VY72 VIED -4 %O
[12]-¥7 M k> T ) by hlEDBER L. 2R TET B &> T p- ) LY BEDIE 5N EEZ
LNTH5S (eq. 5-3)1%

b ) |8 Mezflci)
, Me,Si-SiMeH . imerize oc Si SiMe,
[My(CO)yal — > MeasmiMez—ﬂ(CO)4 — | Ve |\In-(c0)3 s >
-co Si -Hy Me,Si | ! co
oo (M =Ru, Os) Me3 c M82 c
r - ° 0 (eq. 5-3)
g SR AR B AT 52 ) LB LaMeSIR, (7 1 K EOBREOTARKIEY, 55112
| f S L UBBIG RS Ef e BRSO PRIGEELZ S TE Y. £/ Rochow DEMEEDPHMAEL biEEENTH

§ f7 5B, ZOFEECODVTHE D SREINTELS, V) L Vv HKRARDAZES DD HIRHETH Y
: : HEBEZOFEEDNREND I EREH 7%, U L. Zybill™, Tilley,”® Ogino'® 512 & BN LPFRDER,
’73 DU L UBRIRRRICEREIN, ZOEEANTRINS LYY U U EROHES L OWENR e LSS
it e . RIEE LTV U VBHROTRIGCED -2 ) LY BFOERICOVT S BESNTL BT,

Ogino, Pannell 513 u- V¥ 7= V8K [CpFe(CO), ), (u-SiMe,) DIERIGILL > T u-v ) LV BEEIB OIS
EEHOMI LR, CORIGTH —HOLREEICY ) L VBN A DB RS NICRIC Fe-Fe #AMMER LI EE
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BT 2 NI & B A AL

ZON T3 (eq. 5~ Ogino SETAHRLIIA MU EEZFTH VYT = I)VEEK CpFe(CO),{SiMe,Si-
Me(OMe),} DHRIGI & » TEETLREL IN/RD (Donor-Stablized) £ A ¥ L 8k CpFe(CO){SiMe,-0
Me--SiMe(OMe)} AU (eq. 5-5)10. FEDRIGD Y ) L PR ERA L TETTS I LEH LI LT,

L3 weme O _ 5\/&%\/@

cFe SI Sl Fec — Fe Fe - Fe Fe
I Me ‘Me \co &v

Me SiMes
C } | : ;l Me Q 7 Me,
4
Fe k¢ — \Fe/Sl\Fe Fe SI\Fe/
¢ SN e ¢ sime; 1 G ¢ s b
o o (o] o) o o Me, o
(eq. 5-4)
- -
Me OMe Me OMe
L Me OMe / OMe Sl
Fe— SI—SI Me —— \ —_— Fe’y ~OMe
h . L7
£ I Me OMe v c/ Si—Me Si
o (0] N{ o Me,
: 3 e ] (eq- 5-5)

C. NOF T AR RySiX,, RHSIX EH &K

FARLIART VEFTHYT 0 RSIX ET 24 VHEOER SBHA M [LaM|™ (M' = Na, K) EO#AKIE
&% M-Si #EEDEMRIGIIER R — 7 A REELERT IEHBENHEDO—DThHS, ZITr A& ED D
R 2OV E. MERIGRTARELODOEERTREI Y, u-v ) VIV 8BEEEL I ENTESY, LaM-
| SIRX &7 VAL ORDHARETY u-V ) LV BENEShBD,

Tl MESE ARV Wurtz BORIGUS T Si-X #HEDBLIAIC & - T M=Si BEDERKT 5K
BHEINTHS (eq. 5-6)%L

o o} o
c C c, C
Fle _SiCl PRy n,,ln\l:[e /s\F]e _ PRy
R ———
oc” | “sicy, oc” | >si” | Sco
c Cl c
o (PR3 = PMe;, PMe;Ph, P"Bug) o o (eq. 5-6)

(18) (a) Ueno, K.; Hamashima, N.; Shimoi, M.; Ogino, H. Organometallics 1991, 10, 959. (b) Pannell, XK. H.; Sharma, H. Organometallics
1991, 10, 954.
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1979, 34B, 929.
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5% u-vY VUSROS KE LU OWH
D. Si-C #8 OB LA L 285K

Si-C #aOUME/ND u-2 ) LU VEROEBUC DN T eq. 4-2, 3 ITRLICH (AESR) | 2OMIcb T
=V T Me,Si(C=CPh), D Si-C #ADBIHMAIMIC LS u-v ) L VRO EEMREINTNS (eq. 5-
e RICEEREICBET 5 skl A TH 5%, C=C ZER-EN a-BE LRI 2 2D A # - 5=
MEEDYME NI b DL b,

Ph
//C
Me,SI(C=CPh), Ral;‘\ / .
[PY(C2H,),PR;] - Pt Pt—PR,
PR3 = PCys, PMe'Buy, P'ProPh c///c si ‘ (eq. 5-7)
Ph Me, :

PEDHECL > TINETRECD u-¥ ) b VEBRDERINTE T, TARDRAKREKTH 2 REDELULA
W u- TNV BRIZ OV TRARE EBIL. ZORIGHICOOTHEE COREFINH B2, THIH L. p-
V)L VERICETABREDIIEAENEREZTOREIIOVLTTHY . EBLY:, BMLFHLRSISOPE
DETH 7. TOLHRISHIDOTORFEERICDR L BB HICEE Uy A RRALT OXE) - HE
KT AHREBACHEONTOHRNEE > TEBETIRE L,

Ph X
\Pt/ PhSiH; / \
/N 2Na/THF \ / \PE X Yo,
Et,P ¢ Et,P” s B X=Y=ci,
Y Ph C; X=H, Y=c¢l (eq 5_8)

UL LIRS, 2 DDLMEN A RELF2A T AP T ICARBOHEE BT 2O FHET S, —
RIS, ERX-u-v ) V8RO 2 DD A K OB 3.6 A ULTH Y. 74 ROMIIIHE GHOMEER LT
EUEL, UL, BOTHREFITERS AN, BB A HHOEMNIEEIEO SRPHEE SN T BT, o,
5-8242 IR U SA R DIRK DRI THO A RREEEE (2.575(15) ~ 2.602(4) A)) THH . O A R
BWEINTOS Si-Si BHEAHER (233 - 2700 IS T 2, ZoMIKs TROSEHER 3.973(0) ~ 3.997(2)
Ay, THMI Si-P1-Si (65.93) ~ 66.5(1))) ., [P1-Si-Pt OB DHEKA (113.6(1) ~ 1142(3)°)) Loz
FEPET oM. 0WDWBERu-v ) b v SR BOAHAEELT0 5, TholdERu-2 Y L ke
WOEDVRELA u-V YV VU EBREE S IZIDEYTH Y . T FHEREICL » Thr A ZROH A O
EEHOFEN IR IN T A%,

B UIAMERRT LM 13- 7 0V voF v [RSiO], BH A, ZOBE DT A KEOERIT 231 A
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ZHVT Y AERIL X BB 1 RMLADOTEEA

%/ R R

St %/
//m\\

LnM---~ MLn LnM ' MLn

\\§//

Si SN\

S\ R R

R R

p- Y LUtke u-v o L UK

LoSioSi HEEAOMHEITHY LT AY, JEHICHEL cross-ring O4 A FIIHEEHT D LT A K LERFEOMTM,
HHVEBE LOEMTETFHORRE O HPNINTE OB, Iy AKMOA » TV ¥ 7 REOFHFEI/N
XN ED S BT A EMI o-HARBELELENE VDN TN S (g g = 3.8 ~ 4.0 Hz; of. g g in Disilanc = 80 ~
MH&”%LﬁﬂnathoMOﬁ%#%ﬁumwwmwd&%hm%%@ﬁ&%ﬁ%éﬁfﬁbw\74%@&
{1 & DR BEAEAOFEIET 5 AR B ETE L,

o] 2.306(3) A

Mes,, / Mes

/SI--——SI\

Mes Mes

i3-vravvoxyy

ZHETICD Berry™ $ 50003 West? HICL» THEO U Y U VEIERAKSNTO S TOGRIES
(@) B-r A FEOBBEEEFIEHC (eq. 5-92) HAHF (0) RPTRELILY YV CHEABBSESEREHOTH
T3 (eq. 5-9b) Lok HETH Y. Youngs HICL» TREENT u-V ¥ LV ERAE ) 7 2 (PhSiH;) %
N LT OO D e . ZOERSLIAE (R D, Youngs HIZd» TRKIN -V L v BikIEE
BERBK L TON AL TAEA YT VI RIBOEF LAY E UTRET IENTE ., MENERY 7Y
LEAEZLHETEETHY ., $BELHLEEDNS,

eq. 5-8 IS Ute - V¥ UV 8ERIZ I DR ERIE [PY(PEL,),] & PRSIH, BRIGL. ZADRALT S L
kTSI b DEEA BRBe Fhibby o T AR U E g &) L Y DI | REA TR
AP LT bDEEL GND, —FORELTO u-v ) U RFORTHBIIC L > TY Y LU U
DELZAZELTELN, p-v ) VM THO RTINS S &L 0. BuhBECc 57 A R -7 A Fig
OEFIEFNEAS TIRE L, ERY VBN S VYT v N B uii S 2 RIS B FRISEEICARTS
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5% u-vY L UBKOSER LU OWE

@ &\ | ClSiMe;SiMe,CI &\ H ccl, “ _ci g &\ SiMe,
AT  siMe,Si W~ site,sitte,ci W=
Q/ Q/\ iMe,SiMe,Cl % iMe,SiMe; i/‘; SiMe,
i () PhoP  SiMes),
o [PUPPh),(CoH)l 4 (Mes),Si=Si(Mes), /Pt——”
o PhyP Si(Mes), (€q. 5-9)
AEEZONTE P, ELEBCYUY S VORI BREEAERN U WidEmicdin,

LA S BITRAREY VT v ORTHRERIGS . KBRERANTH 2 ELT, Fed s LI
DHITE D CEHEFETH B, Tilley HILBRICHEAT S Me,SiH & 02~ L V85 Cp'Ru(P'Pry)(H)(n*~CH,=Si-
Ph,) LORIGDHE /) & ) IVEER CpRu(P'Pr)(H),(SiMe,) 215 T A, JOKY YT Y Me,SiSiMePh, MEJT
M iEEd 5 2 EABE LTS (eq. 5-10)*% Youngs 5 HMEEED u- 2 U V5K [PLy(PEL,),(SiPhH),] &
PhSiH, DRIED6A Y TV T v AAB LTV AY, Fio, Fryauk 613 280 0 U7 LK [(dippe)Rh(u~H)], (dippe
= 1,2-bis(diisopropylphosphino)ethane) & Ph,SiH, EDRISH 5 Ph,HSiSiHPh, AR ICH 6N 5 Z L2
LTah, ZORE Z-u-Y) L8k [(dippe)Rh(u-SiPh,)], WHERT A Z LA THRE L T A Wil
DEHED Si-Si HAOETHNELERICFET S Si-H HaOBANAmc - TREINTLE D EEDN

5o

= =z — = 7

Rlu Rl Me;SiH Rl Me;SiH |

. —_— u —————— u

/5‘\\3"’?'2 AN SN - MesSiSiMePhy /NN

PryPly 7 'PryP SiMePh, WJ;\SM% ng\sm%
H, Ph,MeSi H H H
(eq. 5-10)

WRLETr AR - ARG EEKT 5 ETERGRAERIT u-V 0 U BRORBRRE LT EA-p-2 Y U
VSRR Z LA BT AERATROAN v 7 VI RIGIC OO THERIR D LHLEHS, RO X
N u-v ) UV BEERDIIS TS KOS A R T OEB I DL TOWRBHE LD EBLE L OREEY
AREMTOWE I DO TORABEN BARAHR L LEEETHIERREOI L EBDN S, UEORRICE DX,
AETHE u-2 U U ERDERK - WES S IS IOV TR L

28 u-vULUEEROER

INFTIBRTELLICZHEDONT =T LT T & FY NEER Cp'Ru(u-H),RuCp' (1) & 2HH LT 3D
VI VBEDRIGIZE » Ty 220N T =) LI A ED oA TRB LI E R—pu- V) U V8K [Cp'Ruu-

(33) Sakaki, S.; Ieki, M. J. Am. Chem. Soc. 1993, 115, 2373.
(34) Campion, B. K.; Heyn, R. H,; Tilley, T. D. J. Chem. Soc., Chem. Commun. 1992, 1201.
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ZENAT T AR L B3R 4 RSB OE AL

SiR)u-H)|, 3) BEE ) —u~-¥ Y b 85k [CpRuu-H)J(u-SiR,) (15) BB Sz, RETIEENS O ARHIC
D0THI 1EFED S, DTNORIGD 2HEROFH TN UILRIETH D 2 2D ERBHFNT K B HFEL
BHE OEMAL (Bimetallic Activation) %BETHIENTE 5,

(1) n°-Si-H A OB ——— Si-H/Si-H @ Bimetallic Activation ——-

R! R2
R R? I
H—si H
"\ At /)
L Rugrs Hu Ry —— - > “RUL L -RU
N/ o "/
R! l‘Rz ISl\
R' R?
2 3 (eq. 5-11)

2BDINT =T LT b Tk FY R Cp'Ruu-H),RuCp' (1) E 28y 7 VHEDRIGIZEL » TR ONS ER—p-

¥ VB IR [Cp'Ru(u-SiR 'R, (u-HYH) (2) DBSHERIG T #K 2 O n2-Si-H #4 OB I Tk
RO FORBENEID. ZOHERE Z-p-¥ ) b v §5K [CpRu(-SiRIR?)(u-H)], 3) BB 5N S (eq. 5-11)c
OIS A F EICEF K IMERE (Ph, p-Tol) AT A ENBETHD . 51K 2a R =R* = Ef) D n>-
Si-H & OBRAKMMMRISEET LS, 74 R LOBHREOERIC L » TN T2 RIGH I ROICE
BAEN, RIGEOEZEBNT =T LB DOEFOHFLEORIIDEVICERNT AEZL 0N, Y1 HZLEDOE
BEDTNVFNVEDHELET ) —NVEDGEETHREDHPER TLNSDETOFEESEZIIRT I E ) BH
HITZEERNE o N1, i Lightenberger HIZ & » TSI 317 2e-3¢c Mn-H-Si #EEDHHE 8T 5

(2&ER) 3,
(2) B#Y 3 v EDRG ——— Si-H/Si-C D Bimetallic Activation ~-——

7 MZE RN Pk 1 &3/ T 8 (PhySiH, Ph,MeSiH, PhMe,SiH) EDRIETIE Si-H #&AOBALAIA

128EC Si-C #HEADYIMICE > TEZR -V U /88K 3 DB SN 5 (eq. 5-12)0 LTNDHEE D Si-Ph #5E8D)
MrEN T A5, PhMe,SiH EDIJETIE Si-Ph #SOYIMICIA Si-Me #EAOYIM bRV | BABBHOL

A-p- ¥ b v 8K [CpRu(u-H)],(u-SiMe,)(u-SiPhMe) (3e) B3 61 5 (4EBBIR) ,

Ph,SiH & DKIG TIZEE 3b EREHIE ) ~u-2 Y L v 8K [CpRu(u-H)],(u-SiPh,) (15a) bEKT A5, Ih
HAWY ZUDERORDIZ2HFBO Y SV ORMINEHINIBRELEEZ SN A,

(3) AF A UK [{CpRu(u-n -HSiPh)(H) }(u-H)]* (4b) DL A F L TOREERKI I

(35) () Lichtenberger, D. L.; Rai-Chaudhuri, A. J. Am. Chem. Soc. 1989, 111, 3583, (b) Lichtenberger, D. L.; Rai~Chaudhuri, A. Organo-
metallics 1990, 9, 1686. (c) Lichtenberger, D. L.; Rai~Chaudhuri, A. Inorg. Chem. 1990, 29, 975. (d) Lichtenberger, D. L.; Rai—Chaudhuri, A.
J. Am. Chem. Soc. 1990, 112, 2492.
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Ph Ph Ph Ph
% ¢ X4
Si Si
PhySIH A\\ / \
[ -Ru_ “Ru + —Ru—/Ru—
«Hy, + CgHg \H/ \H\HI
Si
A 15a
Ph Ph
3b
Ph Me Ph Me
N N2
Si Si
H H
7NN . Ph,MeSIH A’> ) A’>
—Ru\\ /’Ru 3> —Ru\H_Ru—- + - 'R‘kH—R“
N - Hy - CH \ / \ /
Si SI
1 A £
Ph Me Me Ph
3d-syn 3d-anti
Ph Me
’
Si

PhMe,SiH A"\.
—_— ~Ru_ 'Ru
- Ha, - CeHg, CH, \” /

3e (eq. 5-12)

T I T72Z)VARV— N BPh,” BHT =AY EULTHTAAFA HOEZ—pu- VIVER [{Cp'Ru(u-n>-
HSiPh,)(H)}(u-H)]*[BPh,]” (4b-BPh,) & 1 HE®D b V) 7)Ao M8 (TFA) £ MV PTORIETH. B
BIER O EZ—p-2 ) b v #1K [Cp'Ru(u-H)],(u-SiPh,){u-SiPh(OCOCE,)} 3g) "B 5N 3 (eq. 5-
13y, ZORIGHE FICRT L) BBETETT L ZERTEMIIL > TH OIS N ToA Y RBRIGIC
& > THEET 5 PHEK 4b~CF,C00 DANEFY 57— b T2d UHKEOREEE &IV T LR Uy u-
ANEF YT — MK [CpRul,(u-n>-HSiPh,)(u-SiPh,)(u-OCOCFE,)H) (A) 457 5%, S 5IC A BV TRAL
PANEFYNVED T A FNDREHBERIZL > T AF LD 7 2 2 VEDHVRF VEICERIN., 3g bk
KT 5 (2EBH) .

Ph Ph Bph‘ Ph_Ph _" CF:C00

ﬁ_ I\ b {X Iz f}
,\ /l nion Exchange l\ /I
Ph ph ’ ) ’ Ph Ph 'Hz\*

4b-BPh, 4b-CF,c00 H—Si_ _Si H
<I\//\\ / _ZI
- —-Ru,”’v \‘\‘R{'
\o e o\
Ph OCOCF, \(
si y Phy Ph @ CFs
/ \ si”_Si-, . A
[H.,) \ /s Nucleophilic
-Ru_ _Ru “— o -Ru o "Ru Displacement
\H / - CgHg | ", [ at Silicon
/ O “H H .
8 (eq. 5-13)
Ph Ph ME
3g B

(36) Yoshida, S.; Takao, T.; Suzuki, H. unpublished results.
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(1) 2BOE= NV T v EDRIE

R R Et
Si—_ R
H7N\ TR Olefine Si
/}'1\ RHSI 7 \/H ! insertion / \‘]
-|-Ru Ru » | Cp'Rut “pucp > CpRu RuCp' -Ru—Ru
\\ﬁt -H, N [N /‘L Reductlve \/'
H® H gHElmination 1 H Elimination
1 15 (ea. 5-14)
Me Me Me I'Vle
1/ %
H/Si-—\\ Si
// \\ 42 MegHSl I/ ' 80°C,1h / \
-|-Ru / /RL{—/Ru _ - ~RL\IQRU
Nl .
Wi N Hy H\< (eq. 5-15)
13a

16

FRSERY R 1 &EVE FOEZLY 5 RSIH,(CH=CH,) (R = Me, Ph) EQUETRIFVEEHT S
%) —u-v) b 31K [Cp'Ru(u-H)],(u-SiBR) (15b; R = Me, 15¢; R = Ph) 21135115 (cq. 5-14)"7, 5k
15b,c DERD B E = VEKELS NI FVEES > TS, Si-H FAORAMAIIICHENT7 AR EOE
SJVES Ru—H EA~NTEA L. S5 FY FEOMTRETMICRAETS I LIl L » TEZVEADKRIDED -
FEEEOND, $h. PEATEZVEOREDH B0 24 TFRO YT v ORI S, HRI/NS Y
5UEDRBTH - RICBHED OTE) -V UV BRPER L2 O L bbb,

3MY5 U THD Me,SH(CH=CH,) EDKIETH Si-H ## & Si-Vinyl #ED 2 20 o-#GNYIMTSI A p-
YUY u-IF Y 5 A V8K [CpRul,(u-SiMe,)(u-CMe)(u-H) (13a) 73 6115 (eq. 5-15; 1EBH), £=
WS U Si-H EA E C=CEADEH A BNTIVT 2 ASICEBRM U p-E= VY T ik [Cp'Ru(u-
H)], {s-n’n’~HSiMe,(CH=CH,)} (16) %Rk & L CHEET H J LI & h. Si-C &M OB A RER T 5
ENTET, o, JHEEEK 15 ERRICE B IV EDKGRIL, m SN 3y T v EORIGIZE A Si-Ph
AT ORBEA T b0 EEZZ B ENTES,

PR L A B OFEC L > TE ) -V Y VY BEOE Z—pu-2 I L RO NA T EEH oMU T
WEFTHEB O p- V) LV SBROARFH T —F BLUORE I D0 TS,
3F p-Y VUL UEROME

Table 5-1 (AL TERLNIE Zu=V Y LUK 3 D 23 °C BLT 50 "C THEL 7 'H NMR 7%
A7 Lle 5k 3 Ok FU FREFO V7 FLEOThOBEd 20 ppm FFEBRE N, 4AFETRE Z-u-

. (37) Amako, M.; Takao, T.; Suzuki, H. unpublished results.
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5% u-VY L UBEROAEELUTORYE

Table 5-1 EX-u-¥U L ik [Cp'Ru(u-H)],u-SiR'R})u-SIR®RY) (3) ® 'HNMR 7—%

R H NMR (23 ' C) H NMR (-50 °C) AG' (Kcal/mol)
3b*e R! = Ph Cp' 140 (s, 308y e
R? = Ph RuH{  -19.69 (s, 2H)
R® = Ph Ph 7.9~7.2 (m, 20H)
R* = Ph .
3e® R! = p-Tol Cp 146G, 30m) 0 e
R? = p-Tol Ruff  ~19.74 (s, 2H)
R® = p-Tol PhMe 225 (s, 12H)
R* = p-Tol PhMe  7.9~7.0 (m, 16H)
“"3d-syn ¢ | RY = Ph Cp 155 (s, 30H) Co 157 (s, 30H) )
R? = Me RuH  -20.2 (br, 2H) RuH  ~19.50 (d, Jgy = 5.8 Hz, 1H)
R® = Ph Me 1315 (s, 6H) ~20.73 (d, Jyy = 5.8 Hz, 1H)
R* = Mec (Ph) © qu) 1.39 (s, 6H)
Ph)©
3d-anti®| Rl = Ph Cp 1.54 (s, 30H) Cp' 155 (s, 30H) S —
R? = Me RuH  -20.29 (s, 2H) RuH  -20.17 (s, 2H, Jgy = 19 Hz)
R® = Me Me 1.324 (s, 6H) Me 1.39 (s, 6H)
R* = Ph (Ph)® (Ph) ¢
.......... I v oy VYN ST
R? = Me RuH  -20.64 (s, 2H) RuH  =20.13 (d, Jy = 5.8 Hz, 1H)
R® = Me Me 1.20 (s, 3H), 1.02 (s, 3H) ~20.81 (d, Jy = 5.8 Hz, 1H)
R*=Ph 1.01 (s, 3H) Me 1.27 (s, 3H), 1.10(s, 6H)
Ph 7.6~7.1 (m, 5H) Ph 7.6~7.1 (m, SH)
3rd Ri=ph Cp' 1.43 (s, 30H) Cp' 1.42 (s, 30H) 12,6 (0 °C)
R% = Ph RuH  -20.28 (s, 2H) RuH  —20.04 (d, Jy = 5.8 Hz, 1H)
R®=Ph Ph 7.7~6.7 (m, 15H) ~20.50 (d, Jg = 5.8 Hz, 1H)
R*= OH Ph 8.2~6.7 (m, 15H)
.......... S R T e —— )
R? = Ph RuH  -19.65 (br, 2H) RuH  -18.81 (d, Jiy = 5.8 Hz, 1H)
R® = Ph Ph 7.8~6.9 (m, 15H) ~20.36 (d, Jg = 5.8 Hz, 1H)
R* = OCOCF, Ph 8.2~6.9 (m, 15H)

*benzene-d, ° toluene-~d,, ©mixture of syn and anti, ¢ THF—d,, © Obscured by the resonances for solvent. ' Could not be estimated
due to the obstraction of the signals for anti isomer.

V7 22 L U 3b ERAEBEOE Z-u-2 ) LY 8K 3¢ OHEERUIH, BUEE RY FRALTR 2
DO AFENT LY MEE NN ET A 2 EAP O MUl IR ANY MUZEAmICRA LI E R Y
NOMBERE v(Ru-H) b7 TZAT 1 v 77 v(Ru-H-Si) (%D CiLARE BRI NT, - TE FY PR
TFHATZI AHICEE LT A bDEZEZHNA,

FAFZLDOBHREICL - THTOHIHLED S IH. 250k N NEM FORKHRENSMEGE LHE
BRBEDBEBTFET B, 851K 3 OHEED C,,, Cpy HBVE D, DEBCEENIHAR. FFOHBLAE
Bk 2 o0k RY FOBEREMEL Y MERECHEL E R FO Y/ FVESEN—ADE-7E LT
BEIND (ex. 3b; Dy, 3¢; Dy, 3d-anti; Cy)e ULy THEAOHAIE 2 20 FY FORKHREICHZEDY
HUBIcH, ERY ROY7FIVERERL 1:1 0RO E-7 L L TBEINAETTH S,

=50 °C TR L7z TH NMR AR7 b IVIZHE 3d-syn, 3¢, 3t 5L 3g OE FY POV FE 200 “ERE
UTEBRISII (yy =58 Hz)e LU, BIEBES L2180 =7 HRILIKA D, WIhoEad 0°C ff
FCTEIA (coalesce) L7co & SICHEREAR B D &L WIEK > 7o E— 7 BHO—FKD Y I FIUANERAL U, &
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ZBVTF 20 LRI L A BT A R AN OB

AA AB A
] ] :
i Si

A A

Cay

Dy, (3b,3c)  Cyy, (3d-anti)

AA
2/
S

Ru

5/

(3e, 31, 39)

ER-u-2 U L oshik 3 O

(3d-syn)

AB AB
Y x]
) Sl\ Hy SI\
fﬂ"ﬁnu - I Ru
R /\ ——— pi—
NV
/ N\ /4
Si si®
£\ £\
AB AB

—_—
B el

Scheme 5-1 ER-u-2U L Uik 3 ORI

7ow OB, MIEREICEEREC Cp ROV FVEFHILEN—ADE -7 & LTEEIN, Figure 5-1 12K Z-
p=-7 = VA FIL Y L VK 3d-synjanti DREHDE K FEEO 'H NMR A7 MVERUID, syn &
DEFY FOYTFNPZADSG—RDE=INEEMU T DITH U anti KT EDHFEERE THHEIHL

—KOE—/DEEThHoTeo ULDHEREDSEZ-pu-2 1 L
VHE 3 TOBMAROEEDPRH S &L 72D, Scheme 5-1
WRUICRICERDO T OHGEE N FABET AL &I
& o T site—exchange WEZBH D EZEZ SNB, HFHITH
Wil a2 FFDE R -u- V) L V851K 3b, 3¢ ¥ £ U 3d-anti Tl
AR MVOREEFHEEASN G720, ERNY RO
BPE > TOHOOTRELS KL E FY RO%E[TH
A7) NMR THEMBRNMEE IN G- cbDEEZ S
5,

EX—p-2 Y U 285k [Cp'Ru(u-SiR,)(u-H)], (3) DLEEY
A FBEOEMIH 3.9 A THY. A ERICEAHOHEEER
RETELB . T AU 2D OB | FIRMTA Ru-Ru #iC
B UTHWI trans TRALLTWABHTH Y., 4 FRICH
HIYEMERTCE 57201 cis KTHE I EVRTEELS, L
Uy B Y FRIEFIRBRIZSTHREBETE 272012, IS
cis Fe R U EUTOBNFHIRENRTE TH S trans h
EEGICEBNTEIENTFEING, #-T. cisBOE
R-p-2 VU VR EAET Blobicide Y RTdsd, v
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ERepy-7 22X F U Lok
[Cp'Ru(u-SiPhMe) (u-H)], (3d-
syn/ant) OEETE 'H NMR
AARY kI (500 MHz / toluene-dy)



5B u-) b UBHOARE LU ORE

kAT 4 VEALF DL L0 rigid BEBRATERHOAIEPBREEEDN S,

BB A R F5 L D USRSV E ) w1 U v 88K [Cp'Ru(u-H)],(u-SiR'R?) (155; R! = R? = Ph, 15b;
R! = Me, R? = Et, 15¢; R! = Ph, R? = Et) ® IR A7 MU v(Ru-H) LT v(Ru-H-Si) (TR 2RI
#HEXNT, B 15 ICENTH 3 ERBKIC 2208 R FRMEFOVTFZT ABIZZE LTHA Z LTFRIH
Bo BTN u- A FNZFIVY Y U UK [Cp'Ru(u~H)],(u-SiMeEt) (15b) OREEN XX bVihs FREENIZ K
HSILIDDZEY Y U VRN 2 DOBMEE N FAFT BHEETH 5 T &% Xl ks BTl o Mo LY,

u- ) L USRS DBEE B FRALFO Y7 P IMEER-u- Y b V88K 3 O b DITHANTIRES (6 -13.12
~ -14.69) KBRS 117c (Table 5-2)0 $1K 15 FUET A RLLTF 2 1 DUDRAZNDICZE L FY Figwd
AMTERNED 3 OBFALHETA LB EZZ o, ZOEEBIIL » TE— /P ERSICBEINLLDOLE
bl %, |

APPSR AT 58K 15a D200 b FY FREME—RD Y 7 F)L E UTERA SN, BRRbER T
34 15b, 15¢ THRBEL 1:1 KD ZEHE U THEMICBA SN, 81K 15¢ @ 'TH NMR AX7 FLE 70
CTHELIEZA, ERNY ROV FIEEOEROETETHY. T/ u-v VL8R 15 DL FY Fizd
¢ &H NMR DF A L2y — VA TRGFAEZBEILAEWI ERR OO LR - T,

EZ-u-Y VUV BIREE ) -V U V8RBT, WAL B ARBEBFT o-HATRBLIEET
H5HIEEFHEN, FLXBHERNDO O DR TA I ENTE . Ru-Si HAOEMICEIL TIHFICHICE
<, 8K 3b, 3t 5L 15b KEWTW TR REDMEER L7 3b; 2.362 A, 3e; 2.345 A, 15b; 2.359 A)o
L L. PSiNMR ARY MVHIEN S, ERA-pu-V Y LR 3 EF /) u-2 ) LBk 15 ETHEBY 1% L
DEFREORECEBDLENWHONER ot ER—p=-2 Y LV BROBBr A FKD Y 7 Ut §137.5 - 97.1
OHFICEEINAD, T/ -u- ) L 8IKTIE 6 310.8 ~ 265.0 EHFITERGCBRAINI,

MELBVTLE - 2BHBANEELAVLEUIRE LGS, 8B 3 0Ty Ahibid &2 16e £ DK

Table 5-2 €/ -u-Y L ik [Cp'Ru(u-H)],-SiR'R?) (15) @ 'H NMR F¥—#

R TH NMR (23 "C/ CgDy)

152 | R'=Ph | Cp 1.59 (s, 30H)
RZ=Ph | RuH ~13.11 (s, 2H)
Ph 8.6~7.3 (m, 10H)
15b | R”*=Et | Cp' 1.77 (s, 30H)
R?=Me | RuH -14.60 (d, Jy = 3.7 Hz, 1H)

~14.69 (d, Jpyy = 3.7 Hz, 1H)
Et (<CH,-) 143 (g, Jyg = 7.7 Hz, 2H)

Et (-CH;) 171 (t, Jyy = 7.7 Hz, 3H)
Me 1.32 (s, 3H)
15¢ | R!'=FEt | Cp’ 1.66 (s, 30H)
R*=Ph | Rul -13.41 (d, Jy = 3.9 Hz, 1H)

-13.43 (d, Jyg = 3.9 Hz, 1H)
Et (-CH,-) 170 (g, Jygy = 7.4 Hz, 2H)
Et (~CHy) 1.83 (1, Jygy = 7.4 Hz, 3H)
Ph 8.4~7.3 (m, SH)

121



MM S LA X AR 4 RALEHOTERAL

15 Tl 15¢ &7 5, B> To #4415 OB D 3 KN T LV RAERBHTH 51D FELOERFOPBHED . 7o
$:ﬁ?%@ﬁﬁﬁ@%ﬁmé<§ot&%i5:&ﬁfééobﬁb\iﬁﬁzwﬁﬁﬁﬁﬁﬁT5®ﬁ§%6

I A 120 Ru-Ru B4 OHEOHE, 50 Ru-d BB L Si-d BLEQEL D L ELBRITRARE ST
S THERE RTINS JEDREEEZ SN 5,

K 3 & 15 1R U A BRI TR T ASBMICRON AN, TNOOWEIRIAS CERL LI LD VT-
NMR 75 5 N2 29Si NMR JED S SMIT B 2 EDNT &, KELBTHEL (B H, EXp-2 ) LU E
REE ) -1 U VAR EORICIRBUSEICB U T b REEDH 5 J ENBESNI, T/ -V LK 15
FEZ-u-v Y U VBRI EORMARITH 2 bbb o TRIBHERZ L. ER—p-2 Y LV SHDR
SHICELOEE Y PR FREBB LY <. 2O#EEE UTERE RICREASERENLE L, ThPRIGOH
—Bpg L1 5> THE L ORIGVETT A EEL oN D,

48 KREDRIEG

EZeu- ) U 85K [Cp'Ru(u-SiR,)(u-H)], 3) H 1 atm DR ELRTHEBIIRIG U METHEZ-u-
2 1) JVBEIR [CpRu(u-n2-HSiR)|(u-H)(H) (2) 254 % (eq. 5-16), "OIISIEIAE 2 OB RIGIC & 5 851k 3
HEROFRIETH O n2-Si-H #60 [BCOn] & THETlbEE) OmEs & bICBETS LT mY)
THIERTH S, '

R1 RZ

\ / R1 R2
St H—si H

{I A\ d 1atm Hy, 1t <¢< }/ \‘ b»
- —Ru\ H ‘Ru— 3> — Ry o By —

\/ N/
Si H—S8i
I\ R! R?

R' R?
3 2 (eq. 5-16)

2 BETHARIEIC, 85K 2 O n2-Si-H HAOBMMANRIGOERERY A FLOBEBHREICI YRS CEL D,

ZOHMBTH DA 3 LKKREORIEL AR LOBBREOTE LTI, BAENOEZA-u-2) L &R
[Cp'Ru(u-H),(1u-SiPhMe)(u-SiMe,) (3e) A FITIKHE ERIS Ly MIGT A B ZX—u- 2 1 IV K [Cp'Ru,(u-n-
HSiPhMe)(u-n2-HSiMe, )(u-H)(H) (2h) 545 (< 1h; 1 atm Hy; rt)e 356K 3e SROBICIEIE UIokFHEE %
AABETZHERH D, TIVIT VRR T TRIGETEOEBOEEITEEZRu-v VUK 2h bRRICAERT S
(AEBH) o Fho EXp-T 2 2V AF IV U VK [CpRu(u-SiPhMe)(u-H)] , (3d-syn/anti) & 1 atm O
K& WEHAS WIS U M6 5 Y VIV 2d-synjanti 2525 LU, 880K 3b 5L 3¢, 3g & 1 am
DKFEEDRIEET T IHAHITE 24 BHUELETH 5.

G5k 2 D n2-Si-H #8% 2 DOMBRHEE A, B OEBRKE EEZ 1G4, ThENDOFEDHERT AR
DBHEEILL > TREXZT 5, 4%LK%}&$&@E%E%%X%K%h2%¥S*bﬁﬁ@%ﬂA@%@
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5% u-v) L UsROSRE LUTORE

DU BICETRT RS 2100 FY K -2 YLl B OF54KE {725, Lightenberger 1374
yDE Y F= Y LK CpMn(CO),(H)(SIR,) DIEF ANRY MV EHIET 2 L&) BRIIEREOTE
&> TRBHPODS o' Si-H) ENDBTOEEENRE Y . ZOHEE R F- VYNEOFLENKE (725
ZEEWHOMILTLAES, KBTHONIHRRESOERER LKL TH Y. Si-H HRORMNE ST
K 2B 390 M-H-Si AR OREAERT 5 LTHHICEEANANE ohic b0 EEDNS,

H_&F H---oF
N N
M M

A B

BAREADEAu-2 ) U VK 3e EKREDRIGTH OGN E Z—pu-v U JVEIA [CpRu],(u—n’~HSiPhMe)-
(u-n*~HSiMe,)(u-H)(H) (2h) i 3e LRI AOICTZETH 5 1 HICHlET 5 2 LR TEAD -7t 'HB LU
298i NMR A7 MVZESOTEZOMELT S Ui (RRESE) . BAEGHOE A-u- ) b v ik 3g
EDRISTHEONIEZu-2 ) U v 8k [Cp'Ru],(u-n>-HSiPh,){-1>~HSiPh(OCOCF)} (u-H)(H) (2i) iZ20
THHFANXEEEE O TEORERE SN Uy 28 O MY 7t nAbRF VLD equatorial 1% 5% 5
T EEB SN LT,

—H B - ) b 8K [CpRu(u-H)],(u-SiPh,) (15a) REBTHARERIGET, MBAELEL Ulc. L
DUy BONTACBIIIRIET B p- ¥ T V36K [CpRu(u-H)],(u-nn>-H,SiPh,) (52) TREC L FFZEFYF
851K CpRu(u-H),RuCp' (1) TH 72 (eq. 5-17)e SUCHEICH U TIZEMICAF LTS, BUSED TH NMR
A7 MIViN S hydrogenolysis £B#ITH % Ph,SIH, DERKIZHAD SNAEH - Foo 5T RIETARE LY L2
[:SiPh,] ELTHRIMIEE L, AV T —LLicbDEEDN 5.

Ph F‘h

H H ‘2
‘&"R‘\‘\/R"_& 10 atm Hy, 100 °C . ‘@“R“// \\Ru q
J; - [:SiPhy] N
W (eq. 5-17)

58 PUXFIRRT 4 VEER-p-T 22 AFINVY LUEEREDORIE - BET A REUTOEE ——

7 b7 FY N8k 1 & PiMeSiH, EQRIETH S B R-p-7 = 2V A F )b Y VS [Cp'Ru(u-n’-
HSiPhMe)],(u-H)(H) (2d-synfanti) D% % O SEEWKIZ, RV & AT BEMEOEEFRLTHETL L
INTEI (2FBI) o UL, ik 2d OBSRIIETH SNz ER—pu-7 = 2 A F VY U L V3K [CpRu(u-
SiPhMe)(u-H)], (3d-syn/anti) DIMARWKIIHEHT 2 2 LI TEE, F—HOMAEEMAE 2d-syn (or 2d-anti)
DAVEENLFEEMBLU TS, BONIEZA—u-2Y L v #IKE synjanti BOBEAWTH > 72 (eq. 5-18)0
DFERD S 2d-syn & 2d-anti DEICITHOELE TS 2 ENRTEEINE, -80 ~ 100 "C ORI ERFHN
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IRV = AR L ST A R oERAL

TO NMR BIEN S M EWA RO EELICHBERENMEZBET 2 L3 T SR> o, 85K 3d-synjanti DR
BHME PMe, EDRIGICBOTEWABTOFE MR THI LV TEL,

Ph Me Ph Mo
Me |
H—Si
I / \ I toluene reflux, 10 h, - Hy
_— ! Q'H?Ru— - - Ru
Ph Me M‘é Ph
2d-syn _anti
-Sy! 3d-syn 3d-anti (eq. 5-18)

SR 2d @ syn RE anti RDIFIE 1: 1 DEAWE PMe, EORIGTHEL 13FD PMe;, B—HDNVT =7 L
IDAHELL U EEMA LR P LERT S ERX-u-v Y U v 85K [Cp'Ru],(PMe,)(u-SiPhMe),(H), (20) DM 517z
(cq. 5-19; 82 % yield)o #E4K 20 ® 1H NMR AR MWL Cp' #D ¥ 7+ § 1.85 & 1.22 ISEEM BN
N, FE RY FOY 7 HUE § -13.02 IKBllshic, E FY FOY 7 HM 3P LOXE VAN HREI NI
Mofel Eho., 8851k 20 OE FY FEALTIE PMe, HERMAL TOANT 27 AERRBRODIN 727 MIEA L
TWBIENHSNIE 5Tz, oy 220k FY FPAEMICEA SN &0 5 81K 20 i Ru-Ru #EEHN
BHEAR D, I51I22208 FY NEIOHEEARATET cis-BRAELTWAHEZZ Shb, £ FY FOY 7
HENEESICEEIN, ULhd IR AT MV TG TEAL U7 Ru-H OMPFHEIRENICEED < S0 2036 cm™
KEEINZED S, 20 OE FY FEICRESHOMAFHIEFE LB L, 74505 20 B4 FKRERTIEL
CHAIMBEIE FY FMERTH HEEZ 5N,

“si’\ Me M
/ . MesP g; Si
/H., 2 equiv PMey, it 1
{X—Ru\ y “Ru bbb > RI“/Ph/ Ry
~ / H
\V e G
Si H

3d-syn/ anti 20

(eq. 5-19)
2ODEBE N FUKKRMFLE UTHAORB PO LICBH LI JEE, E2u-V ) Lok 3 AETO
ERY FREFOBEBEOFEETET 2D THS. £ FY FOBET S LTk » THE U R A SRR
PMe, 7SRl USSR 20 AR L2 bDEZZ Sh, KREDRIETS, £ H-H #ED PMe,; EFKIC 2e-
RF—&E LT—HDEBPNIIN Uy o855 UL BICBIRIARE . - 12 82X 50 %, cO (B ,
HC=CH, CH,=CH, (6%£R) A R,SiH,*® LONISSAHAIFEEZREN U TETTIbDELEL oMb, o
T 8BR 20 EERp-2 ) UV BERORISOF B TH UAEMEL PMe, IKL > THE LD DERLT I E
WTE 5,

PMe, EDRIBICBOTHOI LY U EHED 50 % 1 anti (RTH - LL bbb od| Fonliik 20 32T
syn KTH - 1o &0 ) SIEKRED, H, BCNMR ANY MV A ZEOBREE S V7Vl 1R
PEEINT. T/ 8 NMR ART MUNISEETF A RO L 7PV 1 BEUMBEI NG -7z (6 205.2; 4,
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H

5% p-VY VUSBEROSEDE LU ORE

Jsiop = 20.5 Hz)o S5 OGP T — 5 138544 20 & Ru-Ru #42 SOWIEE G TAMEE R D, - T4
REOBRE syn ORI EFTEZ ERFET 5D TH b, Hild 5 & 5 I XBREPEIC & > THE 20 O
ir A # LOBEBED syn ORFMEE TS EERR L1,

BAIK 20 ICRALUTC PMe, BIMBAT A2 EICL > THRBICHEEL. b EDERu-v Y U v 81K 3d-synjanti O
REWEEENICEL 5, JORRE. I syn DS anti RBBOND ZEERLUTE D syn KL anti k&
OETHEIFET B2 LETFRT DD TH 5B BAGr A FRALT O RO I BIT 5% EER AL R BB
BETEBONTOELS, INETIKHEINTOWAREDNG 2B OBELEZ 5 EHTES (Scheme 5-2),

(a) via Terminal-Silylene Intermediate

R! R? R? R? R?2 R’
%/ i R? iR %/
Si Si i Si
ZHT\\ ~ “H-. T~ _H- ~ /Hx
Ru =Ru = =Ru Ru H-- Ru == =Ru
{b) via u-Silyl Intermediate
R1 Rz 1 R? R2 R! R? R!
R, - / Y 5/
H Si Si
/ \ =/ = \1 = /W\

Scheme 5-2 EX-_u-U L Uik 3 ORBS 4 ZRMFOEET

Scheme 5-2 13 UTc A 1 u-2 U b iV BREEERAL 20 & RIRER AN S B B) U72741C Ru=Si AT TolET 5 2
LK TRILT B EVIBMETH B0 %D 2 DA VR Z VA [CpFe(CO)(u—CO)], KW TIHIEEAZE 1BC
NMR BIFEFIT L > THIVAZIVELHL T4 Bridge-to-Terminal OBE% £ EMAL LT3 I &4 Cotton HIT
Lo THERINTOEIE, TOBBEMRIE LT Tilley 51 pu-¥ U L Y #{K [Cp'Ru,(u~OME){u-SiPh-
(OMe)}u-H) DEWALIZE T p- Y U VB F KRN & 78 o B ICEET B &0 I BHEAREL TS (eq
5-20)0 F7oy pu-AIV N EEA [CpRU(CO)),(1-CMe,)(u-CO) D cis/tans DEWALRIET b u-71 N\ D Bridge-
to-Terminal ODEBPREINTLEY, JOBBOEELRR THLLBTLED M=E (E = C,* $i,"

(38) (a) Adams, R. D;; Cotton, F. A.J. Am. Chem. Soc. 1973, 95, 6589. (b) Gansow, O. A.; Burke, A. R.; Vemon, W. D. J. 4m. Chem. Soc.
1972, 94, 2550.

(39) Colborn, R. E; Dyke, A. F; Knox, S. A. R.; Mead, K. A.; Woodward, P. J. Chem. Soc.,, Dalton Trans. 1983, 2099.

(40) (a) Brookhart, M.; Tucker, J. R.; Flood, T. C; Jensen, I. J. Am. Chem. Soc. 1980, 102, 1203. (b) Schilling, B. E. R; Hoffmann, R
Lichtenberger, D. L. J. Am. Chem. Soc. 1979, 101, 585.

(41) (a) Ueno, K.; Masuko, A.; Ogino, H. Abstracts of papers of The 30th International Conference on Coordination Chemistry, 1994, July,
Kyoto, Japan. (b) Lee, K. E.; Arif, M.; Gladysz, 1. A. Chem. Ber. 1991, 124, 309.
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THNT 0 LRI L A ERY A B AH OB

Ge*d) “EHAIY TOMEII LTI ThENFEMIERINT S (Scheme 5-3), A5 E M=E #a7H
M*-E- Lo Bk A LA HICAETE A0 E8bN5, LU, Z4E-FO Bridge~to-Terminal D%
KDVTH u-WR VBRI DO THASH TN A DD (eq. 5-21)% u-¥ ) V VEMFOREEM Y Y L
VEMF Ln=SiR, NOEHALTBM I N TOE L Kiid ) U VBEPRRIHFETH I EVHLL L I BRE
ZEUIEEIC u-V ) L U BN FOD Bridge-to-Terminal OZYELDRIIZ DO TIHEEH RS

N
cn, o\"p u
N4 R,CN AN c
Mo Mo 2co2 R Mo\/ "
0c;/ N c/ \ of c/ \ N
o © o o © ‘N=CR, (eq. 5-20)
MeO Ph Me Ph OMe
s Q en s
A\ ﬁ( A %J( \
-1-Ru——Ru— . -Ru——Ru -—Ru——Ru
{I W W WNd
Me Me e (eq. 5-21)
== ==
th Fe /Ha pm—_— Phg /Feigc My
\
th Hb Foh, Ha
Me Me Me
L wes \ é NEL, L me
| ~ LY
/Q TNEt, ———> {g — W/Q I,INEtz
c ’ Sl__M ¢l peSi
o A o'c M\
o Meb ‘ S e o Me®

Scheme 5-3 M=E &5 0O[Ex

BB Tl u-vY VUENFEE FY PR T-EOMTETHBEREANR D I SITAE Ui p- 2 ) VB HLF
BT L LAEBET ALV IBRBIDBEE D, EXu-v ) L itk 2 EKFEEORISD 5% Y ) VL
FiBoNTEY Gk . $ 2B LETO Y VIVEDBENCI DL TH Girolami SIC&L > TEDIFEDH S0
IENTNS (eq. 5-22)% IHODORIGIIEM B DTN ThOERBISHIEL TR Y. [Exlik/ £8 Lo
BE | BHEOFEZBRCXFT 0D L8NS,

(42) (a) Koe, I. R,; Tobita, H.; Suzuki, T.; Ogino, H. Organometallics 1992, 11, 150. (b) Lee, K. E.; Arif, A. M,; Gladysz, J. A. Organo-
metallics 1991, 10, 751.

(43) (a) Messerle, L.; Cuttis, M. D. J. Am. Chem. Soc. 1982, 104, 889. (b) Herrmann, W. A.; Bauer, C. Organometallics 1982, 1, 1101.
(44) (a) Lin, W.; Wilson, S. R.; Girolami, G. S. J. Am. Chem. Soc. 1993, 115, 3022. (b) Lin, W.; Wilson, S. R.; Girolami, G. S. Organo-
metallics 1994, 13, 2309.
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5% p-vY L /BEROARELUTOHE

¢ \/S; Ry
- —-Ru/\\/Ru = ___Ru//:’ -
c i N
cl Me38|

SiMe,

(eq. 5-22)
2 Y LIAIT b Ogino HIZd » TRIBANT M-M HADHEEFUBENZL ohb, Kol

u-Y L R [CpFe(CO)],(u-SiMeSiMe ) (u~CO) (2D TEMALRIS DIEWALT » y W E—ZF/~B Z LTk
0. RIGOHEEEMEE Fe-Fe MAOHATHD . LRI C 1> TEITTA LML TL DY, [k
BSOS +7»#U?y%%KmRQOw4mgm4m)mowfgﬁ%éhfmé“oL@L\Exw_

AN Y e

VYLK 3 OBAIRE RY FbE

THMBREL T2 4 DHEET B72. 12D D 3 D RKIGALHIC

U712#1Z Ru-

Si HEATHET & - I AEN TR VLS ICBbN A,
(c)
0 Me
0 o s: (d 9 =Fe(j
/ /\Fe '\s
I \S|/ | C
c c 5 \ o
0 \ o Si
Me Meg
M_ea Meao Mes o
Si (d O Si ¢ Si SCCO
¥ i;e S \F,e/\c‘/sF'e\, — ¥ et e
c Si4¢ ¢ si l si” X
og \ o 5\ LJ s Y Lj
Me Me Me

M-M #EORE%EES Btk

[Cp'Rul,(PMe;)(u~SiPhMe),(H), (20) OHfiE, LAy~ b v 8k 20 O XEEERTICENY 7 2R 4D
apth SEEBEO T XLGERO, #aldEMRICE L. ERBT P20 TH -7, BERHE S L UHE&H T
T — 5% Table 5-3 ILE EBle. 7— ) TERORETHEK 20 D250k N FERAFOMERRET 5 Lk
TEUM STty RFEN T = 7126 LT =T Al ) ORARED 5 2 D0k R Fid Ru2 KR L TH5 &
FATe 23 °CTHELLT =5 D55 30 UL EOMEEFED 3949 DMNLRH T — 5 % B TR Ulc, BT
2DDNT = LOHLERKD 7= ZEKIC & D KELNOLEFOMEARE Uy Full-Matrix &/ BRIEI
L O U, Figure 5-2 IZIZEK 20 OO0 FHEEE R Ulc, Fio, 851K 20 QR IR S ITHEEAD

LEEL HOF Table 5-4 ILE LD T,

(45) Ueno, K.; Hamashima, N.; Ogino, H. Organometallics 1992, 11, 1435.
(46) Altbach, M. L; Muedas, C. A,; Korswagen, R. P.; Ziegler, M. L. J. Organomet. Chem. 1986, 306, 375.
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Table 5-3 #{k 20 DHERFHT— 5 LHTERG

(a) Crystal Paramcters

formula Cy;Hs,PRu,Si,
crystal system monoclinic
space group Plin

a, 11.242(10)
b, A 18.45(1)

o A 18.065(7)
a, deg

B, deg 92.09(5)
¥, deg

v, A3 3745(3)

VA 4

D goqs gem® 1403
temp, ' C 23

4 cm™! (Mo-Ka) 9.37

(b) Data Collection
diffractometer
radiation
monochrometer
scan type

20
scan speed, deg/min

max

refins collected
independent data
independent data obsd

(c) Refinement
R

Ry

variables

C30

Ru2

C35

Rigaku AFC-SR
Mo—Ka (A = 0.71069 A)
graphite

/20

30.0°

16.0

7189

6825

3949

0.060
0.057
379

c34
\ c29

Ve
:

C37

Figure 5-2 [Cp'Rul,(PMe,)u-SiPhMe),(H), (20) D5 FHhE

Table 5-4 #k 20 OELETFRIES A) &S5 (Deg)

Rul - Ru2
Rul - Sil
Rul - Si2
Sil - C4

Sit - C5

Rul - C18
Rul - C19
Rul - C20
Rul - C21
Ruil - C22

3.015(2)
2.359(3)
2.358(3)
1.93(1)
1.95(1)
2.321(9)
2.330(10)
2.271(9)
2.269(9)
2313(8)

(a) Bond Lengths (&)

Ru2 - Sil
Ru2 - Si2
Si2 - C11
Si2 - C12
Ru2 - C28
Ru2 - C29
Ru2 - C30
Ru2 - C31
Ru2 - C32

2373(3)
2.387(3)
1.96(1)

1.901(10)

2.12(1)
2.29(1)
2.29(1)
2.25(1)
2.20(1)

Rul -P1  2262(3)
P1-Cl  183(1)
P1-C2  184(1)
P1-C3  180(1)
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(b) Bond Angles (Deg)

Sit - Rul - Si2  98.25(9)
Sil - Ru2 - Si2  97.06(10)
Rul - Sil - Ru2  79.15(9)
C4-Sil -C5  96.5(5)
Rul - Si2 - Ru2  78.90(9)
Cl1 - Si2 - C12 94.0(4)
Rul - P1-Cl  124.1(4)
Rul -P1-C2  114.0(4)
Rul - P1-C3  114.7(4)



SE u-V) LV UBkROERE LUZTOHE

V72 AR O#ESERIT 3.0152) A THH . JOMIEHEE SN TS Ru-Ru BHAHEROBHANTH Y,
BIR 20 DA THHZEMONT 2T ARICHEBERPUEEALY, $/ Ru-Ru BAEZER I LILLDE~
DONT =T LidRefifafis 25,

VT = LErAHKEOHDERE 237 A (@v.) THH. ThETIEEINL Ru-Si BEEATEBORMANT
Holee Floy &4 OERBHPOOEAMBEAEIT. Rul T LI M. Ru2 TH VIITHY . 854 20 HEL 5 0H
DEEPLERT HREFEFMBERTHL I LD S, 2HTENI L HINT =7 A LOEFREDEVE Cpf
RKREOHBMELE TSI ETHRATE 5. LU, 50K 20 TIHEBRBICE SN Rul & Cp RKERED
DR 2.30 A (av.) TH Y. Ru2 & Cp BIKRE DS (av. 223 A) LD bEL. ThETOHERFEL
IHERNE RIS, ThidEREY O & PMe, EOBONARRHEIL L bDEZL NS,

Cp' # & PMe; DMK RIS SN L I8k 20 BHEEICEAS - F A LTHD | Ru-p 4
1) ORBAEES CREEICL > THEINTOS I LA THNMR BED SR TS/, @%. SRR Uk
PMe, DA FV7'0 b i3 M-P #4608 HEEIC L DEMBMsNh, UL, #k20 0 v oA FIVER
FEiRTIREL 2: 1 QWG 2KDOE -7 & UTEBME NIz, -40 "C THIE L7z 20 D 'H NMR AR MUzl
8 135 (d, Jp_yy = 7.9 Hz, 6H) & 1.11 (d, Jp_y = 7.9 Hz, 3H) D 2 KD v FF UHBE I, ThoED2ED
E— 73R L% b 5 IO ERIZ7E D, 60 °C L TARA (coalesce) Lo, ;

Figure 5-3 {2884k 20 O TE43% space filling €7V TR U, U v ED 1 DD AFIVE (C1) 2322054
FLEDAFINEDOHIZEE D Ru-PHEATOBHOENHEINTOEHELI OB, Elo. JOMKRKFEET A
RELOBEHREOHDHAAIIOEELER T0h, u-V ) VY BROr A HLOBREOHOHELERO op°
DHD EREBOE (102 ~ 109°) ZFTH 1K 20 O Me-Si-Ph FIOFAE I 95 (av.) & sp® HOFE T L LT

Figure 5-3 ${k 20 D 784D space filling €7V

(47) (a) Churchill, M. R.; Hollander, F. I.; Huchinson, J. R. Inorg. Chem. 1977. 16, 2655. (b) Nucciarone, D.; Taylor, N. I.; Craty, A. I;
Tiripicchio, A.; Camellini, M. T.; Sappa, E. Organometallics 1988, 7, 118. (c) Parkins, A. W.; Fischer, E. O.; Huttner, G.; Regler,D. Angew.
Chem. Int. Ed. Engl 1970, 9, 633. (d) Bruce, M. L.; Cairns, M. A.; Cox, A.; Green, M.; Smith, M.; Woodward, P. J. Chem. Soc., Chem.
Commun. 1970, 735. (e) Howard, J.; Knox, S. A. R,; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1970, 1477. (f) Howard,
J.; Woodward. P. J. Chem. Soc. (4) 1971, 3648.
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ZHIVT I LRI L DR A RAEOTE AL

FHFEIHE T 5,
74%L@§@%49ﬁéf7;:»§@3b&PM%u&mﬁﬁi20&@%@%%@%6h@@oko:nm

3b T 3d EHANTIRMEEER LD RELBY, ZOIDI PMe, ORUIDE RN - 127 EZZ 6D,
FBIC, KDNIOHTFTH D BILRE, ARLEREHIC 3b ERIET 5o

68 —BLRF EORIT
(1) YHVEZI; EZp-2 ) v 851K [CpRu(COYu-SiR )] (17) DEHK

E2—u-U7 22 Y L VK [CpRuu-SiPhy)(u-H)], (3b) & BALRELDIUETIE, 25050 BLRED
Ihﬁh@:ﬁbﬁh:d&MﬁbkEX1kVUU)%%d&lbﬂddﬂ&ﬁ?hb@ﬁ%ﬂ»ﬁ%@ﬂt@QS—
23), $1K 17b 1 E R—pu- 2 U VEE K [Cp'Ru(u-12-HSiPh,)],(u-H)(H) (2b) &—RILEFELORIGT O/ SNHA
450K 3 & CO DRISDERTEITT HDIZH Uy 2b DEIGT B DI MBDLE TH >72 (10 atm CO, 150 °C,

4N)o T ODFE BRI 2b ORIGH 3b ARALTENGTS JLERELTLEHDEELHNS,
Ph Ph

=/
Si
’ —RA'>RU 1atm CO, nt > # _~Si- \RQ}
~H” ] \s/l
\/ C pPh \ o ¢
Si 0

Ph

N\
Ph Ph
3b cis-17b (eqg. 5-23)

MV VKRS IEESEE A0 T 170 OXEBHERITATE) Z&ICED. 1T D220 Cp &
Ru-Ru @A G4 FROR CAICHE LTS s BTHH I EPHATE I (BB » £, 8 170 © PC NMR
ZRY N VCIET = VD ipso-tRED Y 7 HVN 2 BRE A NG &P 5 (O 147.6, 152.2) ERREI
HCBIRBT D cis BIOHRINTWA LMW o -7,

2D 71 VK ZVEEA [Cp'M(CO)(u-E)], 121 220 CO @ M,E, BANDERE DAL > T cis K E trans

< Cis> < trans > (? é)
M M
f \E/ \: fM\E/hQ fM\E/M /M\E/M
c c c c c
o o o o o (o}

[CoOM(CO)u-E)], DERBEET 5 2 B ETOA VA= VERT OXFHRE v, EFAFED v,0,
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5% u-v Y L UBKROSRE LT OUE

cis-17b ‘cvi.-;~17c cis-17d cis-17f trans-17d  trans-17e
Vasym Vasym ﬂ (\/
1814cm”* 1903 cm’!
v
‘::2}’"7 ! Vasym Yasym
- VISEHN T 910 em 1903 em”!
Vsym
1955 cm’'
Vsym VYsym Vasym
Vsym 1932 cm”! 1938 om’! 1899 cm'™!

1945 em™*

Figure 5-4 JHLKZI : EXu-L U LVEIE 17 O IR RRY ML (KBr / em™)

DIRD 2 FERD EWEDELET B0, IR AR MINZB O TANRZ )V OMBERE OXRE v, LIRS
Vygym DIEXBEEFNRD Z LI L > TEDEL SDEHD JENTE Do —fRIT, vy DI v, KHINTHE
HANCBRI N ZEDMONTHADNS, ZOB, ThEFNOREOEE 1 QR Isym) / I(asym) % HET
Bl cis KT Isym) / Iasym) 1E 1 ULETH Y, trans KTHEZDWHEIT 1 LT EN S, 8K 170 O IR AN
7 MVIZEARIGRAL U7 A VAR ZVERRL 70 CO MhHEHRENIC X 2800 TS 1955 em ™ ICEIHIS uic, el 2O
BROAUITE E—2 (1922 em™) BBHIS Hice T OOBRRENEN v, v, ERETE Tho OME
Ko d 17b 0 cis RTHA ZEDHERATE S (Figure 5-4), RO WIVRVEEROEHE ELXD & Iisym) 12
X5 Iasym) OEREFEL VEOD THIEEEK 170 OANKRZVERF42 D& b Ru,Si, BITIHTEEICA
UUTOBIHEZZ SNHSE, MFRES S ICHEMHRE OME1E 2 DO A VR ZVEGLF ORI O 7 b
IVOFOBFICIFIT 5720, WEOEDOAENNIVIFAIE Iasym) BT HIEPAONTO S, HEUZ
trans K THAR Y PVOFIHE O &7 21D FMEENCE S R BRI S h L,

SHTRUILER-u-v Y LU VKL PMey EORIGHSHBT AL, 3b & CO DRSS 14T CO 237 T;
DT =7 LR U7 PEIA Cp'Ru(COYu-SiPh,),(H),RuCp' M L T#TT S EEL 6N D, JOR, 55
NI 1T W cis KTH -T2 I e S, 2407 HO CO DRALIE Ru,Si, EIZBLTI4FHD CO LHUARN G
B S ERMENTH S, K 20 TR 0- FF~TH % PMe, PEBPLOBFEELED. R FHRE
[l - v 1) 2 RELTOeh s =T 717 2 =L LTOBEIMH L co BEMLIBEIRERPLOEF
FBEDNTDHIHI. 2208 FY FAVkFEE UTECICHE L EEZ 515 (Scheme 5-4). £72. CO X
PMe; EERTNIWIHIZ 24T BORMDFEE DT E BB 615,

RIS cis- DU ANVARZIL ) EZu- ) L 8RO E Ry ) U VIR E 7o E R -V VB IR E—TRAL
BEREDRIGD S b3 Shic, RATMEEID B2~ ) L v #K [CpRu(u-H)],(u-SiPh,){u-SiPh(OH)} (3f) &

CO DIUETFSNT cis-[Cp'Ru(CO)] ,(u-SiPh,y){u-SiPh(OH)} (cis~17c) ® 'H NMR A7 MUiZiE Cp' #D

(48) See, for example: Cotton, F. A.; Wilkinson, G. In Advanced Inorganic Chemistry; Sth Eds.; Wiley: New York, 1988; Chapter 22, p. 1021.
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THNT LT MBI L BB 1 B POERAL

Ph Ph
- 4

si Ph
/\ \ Phn

“RU“H””’RU ‘R /'Shl‘Ru/
“HY e
S Ph |
si o 0
Iy Ph

Scheme 5-4 FEINBEE 17b DERKE

VTPV LAUDBRIENT, 72 IR AXT MITHE v, Vg KRBT &2 2RO BRDER SN,

TR ERY F#ERL 1B T Y EORISTH [CpRu(e-n>-HSiPhE)],(u-H)(H) 2)) OHBAEHT 524
DREEMHEONL. 28T VREDRIED SBHET 5 & 2§ AR AR LI Si-H BEEATHERp-2 )
WA EEZ SNAN, K2 DEBEDPPHTE T, AR MV BEHTH L LHIRAETACRE - TA

o U Uy —BILRREDRISICL D BEOEBI & & DI cis BIOIAH KRV ; ERep-2 ) U V85K cis-
[CP'Ru(COY(u-SiPhH)], (cis-17f) MG 6Tz, HEHINEE 35 % L& 7o cis-17E DR oI ED S b 2
DER-pu-2 VIERTH D EDTREI NS,

ERA—u-7 £ 2V AF IV Y b o8k [Cp'Ru(u-SiPhMe)(u-H)], (3d-synfanti) ¥ & NEAEAEED [CpRu(u-
H)],(u-SiMe,)(u-SiPhMe) (3e) &—H{LKE ED IS TH trans—[Cp'Ru(CO)u-CO)], (19) PER U 7z, 4k 3d
RO 3¢ E—BLRREDORIETH p-VR VBT E2HT AR EELEHOEBTNIE SN,
LTa= b7 74 —ICEBER, HAVITERUIELD EZX—u-2 ) L V881K cis-17d, trans-17d B £ U trans-
17e ZHEEL /2,

IR 17d KOO THT A R LOBREORMEIZEL > TH AR MDEEEZT 25, Bohi 2BEO LA
MEH IHNMR ANRT MU Cp BICHETAE—7 B 1L AULOBRIINE D -T2, - T, Botibdtid
cis-17d-syn 73 6N trans-17d-anti DOTNNEL DM, NMR MIED SR EL DA HET S LI TER
Dotls U U IR ART MV & > TENENZHRBICKAT 5 T ENTE . Figure 5-4 (07 U7 HRIC cis
{M‘&i 1932 em™, 1903 em™ (sh) IZENEH v, v oo KED CBNOERM SN, trans A TH 1899 em™ iC
1ZEED BRI SN2 TH - e,

asym

|
CMe SV ¢
0 \ o

iMe Me
cis-17d-syn trans-17d-antl

ER-u-2 ) U V85K 3e E—BRALKHE EDRISD S trans DAV R ZIEEE trans—[Cp'Ru(CO)),(u-SiPhMe)—

(u-SiMe,) (trans-17e) M3 O T2, $51K 17e O THNMR A7 MU Cp' O ¥ 7 F VoS MIcERE h (0
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1.61, 1.74)y 72 IR ANZ MV v, 4% 1903 em™ KBS 1z (Figure 5-4)0 ZOI EMNS 17e i trans
RTHHZEBHONTHAD. TO trans ROEBFITE MBS DETH - 1o #K 3e 5L 2h DREWEZER
T—RRILIKFEE RISS B EZ AL K 3e THERLILBOD trans-17e DEFITED SWIEh -7,

A VR ZIVESLFHY cis BLL U7 $51R cis—17b, cis-17c 1EMBAL T trans BANREALE T trans AL LI
DT AFZLICTVFNEEFETLY) VBRI OO TDATH -l BT RIIMEOFEEIL L > TEREPLLE
TARED d -d, BEEADBRES 2 ERALNTOAR, I TEEINL cis - trans DEELITOVTHE
B A ZEEORIPEBEEZ TOA RS E . L L. 3d, 3e ORIGTIRARED BAERD b KEILH
SNTH Y. BohIcfik 17d, 17e DHEIC DV TIEHI TS 20, TORICBEIC O W THRT 5 Z LB
PETIEE L,

(2) u=HNWEKRZN ;=) L RO AR

E Xy~ VIVEEIR 2b E—BRILIRE EORIGTH, MBAT A EIL > THER LI EZA -2 Y L 8K 3b B
CO ERIELIEZZ 6N D, LUy BHCH O LIRS A R EOBREST VFIVETH - 1LHEITHR, £
DBEFHHDEDIIE R VKD n2-Si-H HARBLONMERIAL (2B51) . KBS, E2-
p- T TF I 2 VSR [Cp'Ru(u-n2-HSIE)],(u-H)(H) 2a) &—BLKEEDRIETIE 2b, 2f DRIV AIVRZ
Vi EZp=v ) U V8K 1T DEIRETEHONS ZERAD -7, UL L. R, —BUREFEAIT THET
BIEIED u-NIVERZN  u=TTF IV Y L UEEIK trans—[Cp'Ru(CO)],(u-SiEt ) (u-CO) (frans—18a) Z1F7C

(eq. 5-24; 10 atm CO, 150 °C, 48 h)-
Et Et

vak «
. (o]
YRRy 10 atm €O, 150 °C, 48 h . ~Ru= C- /=R’Iu
N/ ¢ s g
H—Si\ o \
Et” Et Et
2a trans-18a (eq. 5-24)

51K trans—18a O PC NMR AR M UTIBEE AR =)V, Kifgh VR JVEALTO 2 73 VA 6 263.1, 203.2
KEhEhBRIN, $io, M £ZLOZFIVED BC v 7+ § 9.9 (-CH,CH,), 16.2 (-CH,CH,) IZ 2K
BRSO, 7R ART MIVITHE 1910 em™ 1 v, (KRBT S 2B S8 S N7 (Figure 5-5). JOAS
R S8R 18a {3 Ru,Si B LICHHE AT T 515, THDE trans KTHE bbb, oy XEEFHIZ
L DK 18a WY trans K THB Z EEHER Ui (Bab) .

PHNVRZI s ER-p-2 ) U 85D 3 ~ 6 R ORIGFM TR SN2 DI Uy 18a DERKIC IS 48
PEBETH 7, Flo, 81K 2a ICOOTRENT I ER-u-V ) UV BERPBONTHNEN I, 18a THREE
TAERLOBBEL TN ERERZETHE, 2a & CO ORIGH 2b LRULARIGEHTETS5LEX oNb,

[IGEEN €V PTHED, 2a D7 ARVBED L) SR Thil LicEH~IE I A RICEDERICIHER
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SHOVT 2 LS & AR 4 AN

THH-RAITFIVYS VO Si-H I P cis-18a g

k95 Y7 FIVD S 3.85 (quintet, Jy ;= ﬂ\\ )

3.6 Hz) WWHIM 4172 (ca. 3 % based on : fl\'

2a) E72. 0480 Il 1,1,22-7 b I T

FNUYS VAR T HEBPNB YT

VHBHEl XN (ca. 5 B)o ER-p~
v VESKE C D, EDOMT H/D MK hscsid

v{u-CQO)

Vsym

JEAR T BRI E Licl ) 12 Vasym foss e’ wwCo) ol
(2FER) | ZORICRBHTEC. K

FROBERICIBEERIILOLEELS Figure 5-5 trans-18a, cis-18a LU trans-17a ® IR ARJ b
Nb. £RELT 22 D4H HDEFY F (KBr, cm™)

FERPICHE 10 % BEULMER->TOAEL

TEMS, 2a DB ABEERY REPZFN YT v EUTTHRA, FITKEEY U L2 [SiB,] & UTHE
LTWBIERTFEING, ULy ER-u-v U L V8K [Cp'Ru(u-SiEL)(u-H)], (Ga) EB 6NN T EM S,
dissociative 73 2b OIGEREN Y —~BIKKROBIIZ L > TKER STy A ROBEEIF ISR I IS

associative TEHHEIC L > TRIGHENT TS D EEZ 6N 5.

Et C (o]
/Sh \ /C\ -
R
| \
CE
0

Et

trans-17a cis-18a

RIe% 30 BRIRE TR T3 LEIA, YANKRZI; ER-pu-VTF IV oY U V8K trans-[Cp'Ru(CO)(u-
SiEt,)], (trans-17a) % HEET 5 ENTE/ PEEWETSH of:bi\ 'H, PC NMR 25T IR A7 MMIC
HEOX trans KERE Lo, PCNMR AR MWZHY A R LOZFVERICHETAE—7 B LA LMERIEN T,
FP IR ARY MU 1906 em™ 1T v, 10D CRIUSBI S NI (Figure 5-5) B8 7 VR= VO ik
B LA RIPUE B SN - T, _

THF R CRIGEITIED Z EILED trans-18a DEWKRTH S cis-18a 2B, AT L7 0= 757 4 —%H
W\ Ctrans-18a & cis-18a % BE L7, ZOWEIIEC (< 1 %) 2TOGRFNT -5 2BH L TER
Motze ULy IR 27 MIVITH cis ARICHIG7E 2 A0 BRI S (Figure 5-5: vy 1949 em™, v, |
1914cm ™) FRBEANVARZ VAL FO v(u-CO) 1HD3 CRIA 1742 em ™ IS Mo 2 ED S cis B TH
LERB U o, cis-18a HINEAC £ 0 24#4L Ul trans R 5A 72,

851K trans-18a UL 7REEEXH T 5 trans-[Cp'Ru(CO)] ,(u-SiPh,)(u-CO) (trans-18b) I$E ./ —u-V 7 2 =
V) b 8K [Cp'Ru(u-H)] (u-SiPh,) (152) E—BRILIKAR EDRISICE DB A I LN TE, XBREHFEL ST

ERSAFRRIL D T OMEATERT 5 JENTET,
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P, BontANKRIVERDSLTFNT —F % Table 5-5 IF &1 RETTIZEK cis-17b, trans-18a
B L trans-18b DREEIZDWTEN B,
Table 5-5 ANKRZI  u-2 U L o #iK 17, 18 DARBEHT -4

Compound vsym_(;CO) vasyyfl('CO) v(“L_‘g)) dy Cp' 8¢ 'CO 6.#CO & ZSi
(m7) _(cm”) (m™)  (ppm) (ppm) _(ppm) _(pprn)
cis—[CpRu(CO)(u-SiPh,)], (cis-17b) 1955 1922 1.46 "‘b 204.6 2114
(1.52)
cis—[CpRu(CO)],(u~SiPh ) {u-SiPh(OH)} (cis-17c) 1945 1914 1.64 * 2050 205.2
193.7
cis—[Cp'Ru(CO)(u-SiPhMe)] , (cis—17d) 1932 1903 1.36 2 205.6 —
cis—[Cp'Ru(CO)(u-SiPhH)], (cis-17f) 1938 1910 188" 204.7 —
trans—-[Cp'Ru(CO)u~SiEtL,)], (frans-1Ta) 1906 1.81° 204.9 ——
trans—-[Cp'Ru(CO)u-SiPhMe)] , (frans-17d) 1899 . 1.58° 205.5 —
trans—{Cp'Ru(CO)],(u-SiPhMe)(u-SiMe ,) (rans—17e) 1903 161°% - -—
1.74
cis—[CpRu(CO)],(u—SiEt,)(-CO) (cis-18a) 1949 1914 1742 1742 ————
trans—[Cp'Ru(CO)] (1~ SiEt, }(4—CO) (trans-18a) 1910 1753 1.78 "’b 2032 2631 2212
(1.86)
trans—{CpRUCO)) (- SiP)(u-CO) (rans=I8D) evererrnee B b Do b8 203, 2002, 210
trans—{CpRu(CO)u-CO)}, (19) 1933 1746 171% e o
(1.84)°

* measured by benzene-d, " measured by chloroform~d.

(3) ANRZI  u-v ) U v 8RDIEE

ANEZNVERAFEHTD u-Y UV 8HE cis-17b, trans-18a 5 £ U trans-18b 12T D X ks it A E AT
DIFERMB L VR FHT — 5% Table 5-6 ILF EBic, TNLHMER 23 "C TRV, WELLTF-5DO 5
30 LLE DB A B OMAE A O TR U, BEET2O0N T2 LETOME %KD, 7— 1 ZEMIC &
DKZUSNOLFET OAEZFRE Ly Full-Matrix BN BEREICL DR Ui, KRUSO2TORT-RIFEFENN
WWEM UM, LT, &2 DHEDOHEEIC DL TR,

cis—[Cp'Ru(CO)(u-SiPhy)], (cis-17b) DR, VANV R =)V EZXp-V 7 2V Y L V8K cis-1Tb DX
SHEERTICIE MV UBRP L) B IR EEO T Y X LGEHO T, Figure 5-6 188K 17b D FHEEL
Table 5-7 I3 EFHEMEEGHO ) BEEL LD EE BT,

SK 170 O 2 DONT =T LFFE 2 D0 A RITL » THEEN A0 E Ru,Si, DRADTIE 360" THY .
4 ODBEFREFELIFET 5. 220Kz VRN FiE. JOEICH VAU oRMLTE D cis BT
HAHZLDbns, T, BRI ERERETHY . 2O ED 0 bNToT ABICHEEGOTFENRRENS
JVF = AEOFEGERE 3.113(2) A TH Y. APFFETH SNICHROPTRR DASLEER Lic, LOREN
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Table 5-6 #{& cis-17b, trans-18a, trans-18b DFHE¥HF—5 L ATERHE

cis-17b trans-18a trans-18b / 0.5 x 19
(a) Crystal Parameters
formula CyHso0,Ru,Si, Cy;H,qO;Ru,Si C,5HssO4Ru,Si
crystal system orthorhombic monoclinic triclinic
space group Pna2, C2e P
a, A 34.741(6) 34.182(8) 11.197(4)
b, A 11.709(2) 9.840(4) 18.943(5)
o A 10.215(1) 18.584(4) 10.954(2)
a, deg 99.39(2)
B, deg 115.65(1) 90.02(2)
Y, deg 75.51(2)
v, A3 4155(2) 5635(5) 2217(1)
zZ 4 8 2
D gy gfom® 1.428 1.515 1.544
temp, ' C 23 23 23
& cm™! (Mo—Ka) 10.80

(b) Data Collection

diffractometer Rigaku AFC-5R Rigaku AFC-5R Rigaku AFC-5R
radiation Mo-Ka Mo-Ka Mo-Ka

(A = 0.71069 A) (» = 071069 A) (A =0.71069 &)
monochrometer graphite graphite graphite
scan type w /20 w /20 w /20
26 1ax 50.0° 45.0° 50.0°
scan speed, deg/min 16.0 16.0 16.0
refins collected 5385 5548 8243
independent data 5385 5548 7809
independent data obsd 3920 2849 3290
(c) Refinement
R 0.0594 0.0541 0.056
Ry 0.0710 0.0594 0.046
variables 468 299 505

BERET%HT 5 [Ru(CO)4(SnMe,)u-SnMe)],* TiZNT =77 LD EREE 3.116(3) A THH. 17b KHBL
T cis AL 2DDEE W Cp' £E4DD7 2 ZIVEDUKRFEDIZHIZIVT =7 AOESEI S 725 O
EEZOND, Ty V720 AEICHE DR L OBEITIV T =7 A OB X S1IH0) . [Ru(CO),Br,),
THZTOERT 375 A KETET LI LB REIN TS,

Ru-Si DA BEEL 2384 A (av.) TH Y. NETRHEIN TS Ru-Si o-#4 D EDFHATH 720
/2. Ru-Si-Ru MM Ru-Ru BEDEEDLBHIC sp® OB T & LTHNSHEER U (av. 815

trans—-[Cp'Ru(CO)],(u-SiR,)(u~CO) (trans-18a; R = Et, trans-18b; R = Ph) O u-HIIVE=IV; u-
YU L 8K trans-18a O XEHERRTICE PV P LD @S BIEBDO T Y XLFEERA IO, Fio, ik
trans—-18b O XFHGERIMIZIINY 7 v XD BH IR T XAGEBO LY, BoN ST 18b E2HO A

(49) Watkins, S. F. J. Chem. Soc. (4) 1969, 1552.
(50) Merlino, S.; Montagnoli, G. Acta Cryst. 1968, 24B, 424.
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Figure 5-6 ZHIR=Jb: EX-u-2 U L/ cis-[Cp'Ru(CO)(u-SiPh,)], (cis-17b) D5 FHEE

Table 5-7 #{& cis-17b O LEFRIER A) L&EH (Deg)

{a) Bond Lengths (A) (b) Bond Angles (Deg)
Rul - RuZ  3.113(2) Sil - Rul - Si2  98.6(2)
Rel - i1 2.382(5) Ru2-Sil  2383(5) Rul-C21 1.81(2) Sil - RuZ - Si2  98.4(2)
Rul - $i2  2.385(5) Ru2-Si2 2383(5) Ru2-C22 183Q2) Rul - Si1 - Ru2  81.6(2)
$i1~C23  190(2) Si2-C35 192(2) C21-01  115(2) €23 - Sil - €29 102.9(8)
SiT~C29  1912) Si2-C41  191(2) C22-02 11502 Rul - Si2 - Ru2  81.4(2)
Rul -C1  237(2) Ru2-Cl1 223(2) €35 - Si2 - C41  105.3(8)
Rul - C2 Ru2 - C12 23002 Rul - C21 - O1 168(2)
Rul - C3  237(2) Ru2-CI13  2.40(2) Rul - €22 - 02 165(2)

Rul - C4  227(2) Ru2-Cl4 2322
Rul -C5  226(2) Ru2-CI5 22002)

JVRZJVERTR [CpRu(CO)u~CO), (19) 75 2 : 1 DEATHAT ARG TH - 12, 8k 19 DHEIL DO TRHEE
BEINTHEDS, KB TRZOWEL DO THER LA EET 5, Figure 5-7 ICIE#51K 18a, 18b DFEE
%R UTce E/o. Table 5-8 (ZId 72 1 HIME#EZ O T AAER LT

Figure 5-7 26 &8 578 & 5 (Z88K 18a, 18b FL TN G trans RTH D . 22D A VA ZVEALFIE Ru,SiC
OEET BFED L THORM LTS, 74 FEDOBHRIED 18a THZFNVETHD | 18b TRT7 z ZNVETH
HEOIEODH BN, MEDHAERS - MICEAARREBEDHEER U,

V= LD #IE 2.872(1) A (18a), 2.846(2) A (18b) LWL Th b#E I T 5 Ru-Ru B S H MO FIHH
MOMTH > 720 Eho. Ru-Ru BEAEEZ 52 LItk > TENENDL T2 ASTAKIRE 755, sp® KOS

(51) (a) Davison, A.; McCleverty, J. A.; Wilkinson, G..J. Chem. Soc. 1963, 1133. (b) King, R. B; Igbal, M. Z,; King Jr., A. D. J. Organomet.
Chem. 1979, 171, 53. (c) Steiner, A.; Gornitzka, H.; Stalke, D.; Edelmann, F. T. J. Organomet. Chem. 1992, 431, C21.
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ZHVT L AERIL L A B 1 RS HOERAL

(A) trans-18a

}\L

C u C“.)' )
\5}9
25 - “()

’7(:19
LN

o3

(B) trans-18b

Figure 5-7 u-RIVAR=Jb ; u- U L 28§ trans-[Cp'Ru(CO)u-SiR,)(u-CO) (18a; R = Et, 18b; R = Ph) D54

B (A) trans-18a, (B) trans-18b
Table 5-8 ik trans-18a, trans-18b DX LEFRES ) L&&% (Deg)
(a) Bond Lengths (&)
trans-18a trans—18b

Rul - Ru2  2.872(1) RuZ - Sil  2.389(3) Rul - Ru2  2.846(2) Ru2 - Sil  2.385(4)

Rul - Sil  2.386(3) Ru2 - C1  2.06(1) Rul - Sil  2.382(4) Ru2 - C1  1.99(2)

Rul -C1  2.03(1) Ruz - C3  1.85(1) Rul - C1  2.04(2) Ru2 - C3  1.84(2)

Rul - C2  1.85(1) Cl-01  117(1) Rul - C2  1.77(2) Cl1-01  119(12)

C2-02  1.14(1) C3-03 1131 C2-02 12002 C3-03 11400

Sil - C24  1.90(1) Sil - €26 1.91(1) Sil- G4 1.92(1) $il - C10  1.93(1)

Rul - C4  2.32(1) Ru2 - Cl4  2.22(1) Rul - C16  2.23(2) Ru2 - €26 2.26(1)

Rul - C5  2.340(9) Ru2 - C15  2.30(1) Rul - C17  2.23(2) Ru2 - C27  231(2)

Rul - C6  2.27(1) Ru2 - C16  2.32(1) Rul - C18  2.29(1) RuZ - €28 227Q)

Rul - C7  2.252(8) Ru2 - C17  2.32(1) Rul - C19  230(2) Ru2 - C29  2.27(1)

Rul - C8  2.278(9) Ru2 - C18  2.27(1) Rul - C20  2.23(2) Ru2 - €30 2.21(1)

(b) Bond Angles (Deg)
trans—18a trans—18b

Sil - Rul - C1  99.0(3) Sil - Ru2 - C1  98.0(3) $i1 - Rul - C1  97.6(5) Sil - Ru2 - €2 99.1(5)
Rul - Sil - Ru2 73.94(9)  Rul - C1 - Ru2 89.1(4) Rul ~ $il - Ru2 73.3(1) Rul - C1 - Ru2  89.9(6)
Rul - C1-01 1362(8) RuZ2-Cl-01 1347(8) Rul -Cl - 01 1321 Ru2 - Cl-01 137(1)
Rul - C2-02  175(1) Ru2 - C3-03  175(1) Rul - C2 - 02 174(1) Ru2 - C3 - 03 178(1)
C24 - Sit - €26 102.7(5) C4~Si1 - C10 96.8(6)

FEUTRSMA7 Ru-Si-Ru HOHE (18a; 73.94(9)°, 18b; 73.3(1)°) & Ru-Ru #ADIFEAEEZREL T 5, &

Tos A FE- VT LABOEBTINE TINHE 3N Ru-Si -
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5% p-v) L UHEEOSHELUEORE
TE XY vIckD Ru-Si EEOME

EZ—u-Y L V8K [CpRu(u-H)(u-SiR )], (3b; R, = Ph,, 3d; R, = PhAMe)& I VAL A 5~ Mel EDRIGT
F2ODEBr A RRUETOHI B 1 20 L. RV 2 203 THEPNT 2T AMICRE LAY 3 — F-u-
2 L iR [CpRu(u-1)] ,u-SiR,) (24a; R, = Phy, 24b; R, = PhMe) 2 5117 (eq. 5-25) RUEEAME LTI
HFAUDT L — ik [Cp‘Rq(n6—C6H6)]+ (8) DEBMER INI, TOHRIE 3 & Mel OIIGTIE Ru-Si
EAVISNZEH Si-Ph #EAOUIM BRI > THA I EER LTINS, #ifk 24 EHFROBRTHD . ZRHPT
UL ETH » oo HEANRY MVTF—FIZHDEHIK 24a, 24b ZRE L (ERESH) .

R"\ /R2 R' R?
%/
Si Si
N A,
-Ru_  _Ru—% Mel, ot - —~Ru——Ru—+—
\Y Y
Si
1 ke
R'R 24a;R' = R%= Ph
3 24b; R' = Ph, R*= Me

(eq. 5-25)

54k 3b & 3d OIS THRBRERDIBONE OO, TORIGERICEREUENR SN, EX-p-
D722y L UK 3b ORIGIFFHICEC . BEELUT Mel 2ROABAETORIGETETICIHEZR L
(64 % yield)e LU AROFHTH -1l bBDSTER-p-7 2 2V AFIVD Y L Uik 3d ORISHE . EH
SEEMTHKT U7z (59 % yield)s

EZep- U LUk E I A 7 v EDRIGHIAEIC L > TOREC HEAERIT 5. 3.5 (58D Mel EE4 3b
DRIGFEA F UV EBEE LTI R0 E A RIGH3HTHRT Uy 46 % DINZETEE 24a 11E 5N 7
UL, MV UAAEEE UTHOKREAICRRIGRIEEAEEITURD » 7o, BRERBENRIBEZE SN,
CDEEREIEDA A HOREERE D> TENTTAILERRTAOERDN S,

Ru-Si #EDIMEN T A EM D, RIGEI TRA L Y O A FADREHBIC L > TETTHELL o0
Bo BAEDED Ay WUk A BEHIRUTOEVS RSIL ELTERLEbDEZZ 6N S, Eio. EAu-
U7 2 2V VK [Cp'Ru(u-n2-HSiPh,)],(u-H)(H) (2b) £ I T{LA ¥ » ED RIS TIIHK 24a BHEONT,
70 0FRIVADEAERBICATA VD 08-T L= V8K [CpRu(nS-CH)I'T 8) BB ONITITH -1,

I3—-F;u-YY U UEBKOREK,  #K [Cp'Ru(u-1)],(u-SiPh,) (24a) & NaBH, EDRIG. H 5013 24a &
THE . Y F 7 LI5E F COKEEQRIGTHRE/ -u- 1 b v 81K [CpRu(u-H)],(u-SiPh,) (15a) DA EIE
i, UL, BT M6 R REK CpRu(u-H) RuCp' (1) S EZHDLEH AL LTE YD, 152 DR
RIBHTEOLDOTH -l VF T LERAOTERK 24 28707 HBIC. 2 BOBRAA LN [Cp'Rul(u-SiPhy)
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(A) BRPICRET S EEZ . KFELD RN DR —BIRFEITL > THRNICPHAEERRL &5 LHb 7
By u=ANVRZIN ;5 u-2 ) b 8K [CpRu(CO)],(u-SiPh,)(u-CO) (18b) AL B oNT, HikD3— Ky Uh
JUR Z V3K Cp'Ru(CO), (D) M3 E5NTDATEH »72 (18 % yield)o
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6% -V b Utk EREMRICKEL ORIE

F6E p-vU LUk EREEIR{LKE LDRIT

18 #®8

FUTARTEF LY, 7 bV EOSERA~OE FOVT VORI, bwaE Ny VLRSS
S RAAHOAREE UTH—ROBFETH Y. TEMICH, TRERE LV AVTHERAOSNTR ST
DEDTH AL, FETH, JOL D BHEY A FALADEROIEBROTHEBARE: bHREINTEY S

FONERIRIE E Ko v ) VERIGORFEREER 7F—< & - T AL
SiR,

H\ /
=== 4+ H-SiR, - —
[\

AU 74 yDE Koy Y ALRIGOBESL LT
i Chalk, Harrod ©IZ & » TR XN iotkMEDs - SR CHy=CH,

l
WIS HANSA TS (Scheme 6-1)% H—M
R,SiH
Chalk-Harrod #1§ (& K04 5 LALHEH) 792 i\7///’ |
‘ M]

FANSNABEHE LT ALV 74 O M-H RS
ANOBADHE L CHSNERIETH -T2k myu“
0D EREF 5NB. TR Ly M-Si AN L
OEAFIGIE 7 AnA LT 4 2 7ADT IV Tin3 /

LB EQBOBMCSNEARRBIOARE | o0 0 Hydrometalation
KIESNTH YA BARIGICH U M-Si #5813 , ;j

FERTHE EEZ SN TN, £ TIVFN
BEb FY REET OB TORCHIBHE A <
REERIGETH Y RIS TAFIVEE DY
ELRSITAENY S v ELTHEET 2 BhR T, LU, Chalk-Harrod BOBEERHERIETHAHICH
b SF . TILFLEE S ) VEOBICH BRI T 2885 W3Rl 2 BEETIC 2R RS LR
éh(bﬁh@q64fobbﬁ\:ﬂé@&ﬁﬁ%@%ﬁ<\TwﬁywﬁﬁﬁmNTYW#wyiywﬁﬁ%
B DRI IS OLOEBPNEG, ZOIEDSbhMBEIIT, Chalk-Harrod BiHEIZE Fo v UYILLR

Scheme 6-1 Chalk-Harrod ##&

(1) See, for example: (a) Ojima, I In The Chemistry of Organic Silicon Compounds, Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1989;
Chapter 25, p. 1479. (b) Speir, I. L. Adv. Organomet. Chem. 1979, 17, 407.

(2) Yamamoto, K. Akl 1992, 34, 166 and cited references therein.

(3) Chalk, A. I.; Harrod, J. F. J. Am. Chemn. Soc. 1965, 87, 16.

(4) (a) Clark, H. C; Hauw, T. L. J. Organomet. Chem. 1972, 42, 429. (b) Bichler, R. E.; Booth, M. R.; Clark, H. C. J. Organomet, Chem.
1970, 24, 145. (c) Schrieke, R. R.; West, B. O. Inorg. Nucl. Chem. Lert. 1969, 5, 141.

(5) (a) Brinkman, K. C,; Blakeney, A. I; Krone-Schmidt, W.; Gladysz, I. A. Organometallics 1984, 3, 1325. (b) Ozawa, F.; Hikida, T.;
Hayashi, T. J. Am. Chem. Soc. 1994, 116, 2844. )
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ZHVT T LSRRI X AT A LA OTEHAL

(OC)4F||3 —SiMe; -—TP R-SiMe,

R (R =Me; 4-6h, CHyPh; 5 - 6 days)
Me Ph—===—Ph L\ Ph
L—Pt—SiPh, Pt--- “ +  MeSiPh,
| /
L @=PMePh) Ph (eq. 6-1)
EOBAE LTELASNTOAR MDD 6T, TOEICHET ARSI HIEREICOLEETHON T

ACAN
HSH AT NN, U AERE EIC XA RBHEETTOA VT 4 DL Fo Y ) JUMERIETH,
E ROy VIMEEEIITH A TIVFIV Y T PHNC SRS & LTEZ VY 5 CH,=CHSIR; W& 51 5 2 &
WEINTVE, i, USRI L > TREZVY TV DEENFEEL S I & BBEIN T A8, Chalk-Harrod
BHTEIOVYIMURIRICE B EZIVY 5 v OEEE) ECHETH I E0TET. BT L /O CspH)-H
A OB X5 ESVBRROFEEL ENEZ SN T,

n\ /
)
>=< + LnM—SIiR; I“/'H — Lnnln_SiRs ——» LnM—SiR; + Rssl/\
/
LnM—SiR, H

IFLYD Clopd)-H BAMEIC LB EZIL Y S v Ok mAHE

Wrighton 538kl Cp'Fe(CO),SiMe, % TEBHEHTTOE Fo v Y IMELRISIZEI U TH 7T Scheme 6-
2 TR U B A 108 U728, oM A 7 VO ZNENOBIEE FHIICRETTA 2 &I LD, M-Si #6
AVT 4 VDBEAEN ST UOERIEOHEELRH SN U, & OB A 7 VORPRIKEZZ 5h T 5 [CpFe-
(CO)CH,H,SiMe,)] 2t RO ¥ VBB Ly E FY FE -2 AT VFNVERETIIC KT 52 &
KE-TTVFLY T URER L. ¥ ERENEET 5, JOK, E2by 5 VR [CpFe(CO)CH,H,Si-
Me,)] 25D B-KEBEEERIGICE » TERT S EEZL N TS,

Wrighton 5D EERMEHFLE. HROT M-Si BEE~\OF L 7 4 YV EOBARGOERA SN, BETH zo,!
Hf, ' Fe,5!% Ru,!? Co,” Pd¥® % L TF P! 72 LD T M-Si HANDABIRAKZHOFTAPAON TS

(6) {a) Schroeder, M. A.; Wrighton, M. S.; J. Organomet. Chem. 1977, 128, 345. (b) Austin, R. G.; Paonessa, R. S.; Giordano, P. J; Wrighton,
M. S. Adv. Chem. Ser. 1978, 168, 189. (c) Randolph, C. L.; Wrighton, M. S. J. Am. Chem. Soc. 1986, 108, 3366.

(7) (a) Reuchel, C. L.; Wrighton M. S. Inorg. Chem. 1980, 19, 3858. (b) Seitz, F.; Wrighton, M. S. Angew. Chem. Int. Ed. Engl. 1988, 27, 289.

(8) (a) Duckett, S. B; Perutz, R. N. Organometallics 1992, 11, 90. (b) Duckett, S. B.; Perutz, R. N. J. Chem. Soc., Chem. Commun. 1991, 28.
(c) Bel, S. T.; Duckett, S. B.; Haddleton, D. M.; Perutz, R. N. Organometallics 1989, 8, 748. (d) Duckett, S. B.; Haddleton, D. M.; Jackson,
S. A,; Perutz, R. N.; Poliakoff, M.; Upmacis, R. K. Organometallics 1988, 7, 1526.

(9) Millian, A.; Fernandez, M. I.; Bentz, P.; Maitlis, P. M. J. Mol Catal. 1984, 26, 89.
(10) Ruiz, J.; Bentz, P. O.; Mann, B. E,; Spencer, C. M.; Taylor, B. F.; Maitlis, P. M. J. Chem. Soc., Dalion Trans. 1987, 2709.

(11) (a) Amold, I.; Engeler, M. P; Elsner, F. H; Heyn, R. H,; Tilley, T. D. Organomeraliics 1989, 8, 2284. (b) Procopio, L. I.; Carroll, P. J.;
Berry, D. H. J. Am. Chem. Soc. 1991, 113, 1870. (c) Procopio, L. I.; Carroll, P. I.; Berry, D. H. Organometallics 1993, 12, 3087.

(12) Wakatsuki, Y.; Yamazaki, H.; Nakano, M.; Yamamoto, Y. J. Chem. Soc., Chem. Commun. 1991, 703.
(13) Murakami, M.; Yoshida, T.; Ito, Y. Organometallics 1994, 13, 2900.
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) LUk E A ERIBA LK R E DS

EtSIR3>/ SIR3<H2=CH2

6% u-v

(Scheme 6-3)s 15 DWARIEDH T Wakatsuki
51t Ru-Si #EANDA V7 4 v OFAL. ZDHK
JGTHB B-VYNT VFNED LD [1,3]-7 1 FB

BRIG (B-7 1 &) 25 [M-H#A~DA L nas| Rasi
74 YDA/ B-KERLEE) DBE E RIS Rssl_[M] [M]——-
ICE#ITT A LB oic L2,

Wrighton Hidt Fod VWLRIGOFESENE N } RS /snylmetalatlon
Y REFFICIZL [LaM=-SiR,] ThH 5 Lk Uichi,
ERY RESYNEDHHARTAHEDAL T 4 RSIH ?lehge ——

VEORADBREII OO THRHAMLADEINT

Wb, M=Si EADA VT 4+ v ORBARIGHENIZO *\1 SiR3 Z siRy
o Wi=ol fo'm 4/ L 1

17 L [M]_-" \_/
L\T‘i-:.;hzi‘(&:ﬂ’\flb\ M- H%?:: /\@ﬁ]\‘i

ZhU LBl ofhmonTnb, ki, 7EF
VABIDE Fe Y Y IMERIBICEN T, RIGDHE—
R E FY K=o Y UPEAD M-H #ATHAL . M=Si #
Crabtree,” Ojimal® SIZ& - THRIBINI,

&kB7 22 )VTEF L PhC=CH Dk Fo ¥ JMLRIETIZERY

Scheme 6-2 Seiz-Wrighton ##&

ANORALT £ F l//@ﬁ‘?‘]\fi)é LT BHHEN

A YU O LB [{C(Ph,PO),}IK(C,H,),]
ICE RO Y Z O trans AT H 5 (2)-Ph(H)C=C(H)SIR , DF 5N 51, BAFEEMOTT F L /% 4EHT 5
JERED, TOBBERTEFL VO C-HHEAOUMERH ULTWRISTH DS ZENWO NI NI, ZD trans
AR -Si #5E~TEFVURBA L. S OIAR L E VR HGEPEBAT A I - TETHEER

PEt3 p PEs
/Z? ol 1 eq of CH=CH, \ ACl MesSi—Pt—Br RC==CR F!(-—Br
RS [ ~ ) |
zr hv.30ays \\\ R=Ph,Pr  me,si
Y > si(SiMes)s N — PEts . PEt,
Tilley, T. D. (1889) Tanaka, M. (1993)
Ph P
Py Pho R /p"2
E \Pd/ j MeO,CC=CCO,Me [ Pd j g\ PMe; CHa=CHy g\ “S\I
- 3 A $
. 5 —SiMey r
VAN MesSi ! SiMe, Zr—Si -———-—P_PM ; )
si si o ‘Q’ N e" Sy SiMe
Me;  Me MeO,C  “co,Me By By
Ito, Y. (1994) " Berry, D. H., 1991

Scheme 6-3 M-Si &ENORBMFE{IKELZDFEA

(14) (a) Yamashita, H.; Tanaka, M.; Goto, M. Organometallics 1993, 12, 988. (b) Chatt, J.; Eaborn, C.; Kapoor, P. N.J. Organomet. Chem.

1970, 23, 109.

(15) (a) Tanke, R. S.; Crabtree, R. H. J. Chem. Soc., Chem. Commun. 1990, 1056. (b) Tanke, R. S.; Crabtree, R. H. J. Am. Chem. Soc. 1990,

112, 7984.

(16) Ojima, I.; Clos, N.; Donovan, R. J.; Ingallina, P. Organometallics 1990, 9, 3127.
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TRV S0 LRI & BE Y A REBOERAL

bNTNA, JITTEFLUDERE -t NI FEANEALLEAICE, I ORI EMICAFIE A~ &
HEL. 2B - AZEANDEBAN 7 22 WTEFLYOE ROV MEOBE—BRIETHL EMERLTHD
(Scheme 6-4), F7z. [EHZIEHEIED OY AEAROIZRTHREINTL A, ﬁ

H
Ph
[M]j
/ SiRs \
H H H
RsSiH | ¢ | Ph Ph Ph SiRs
M — M- — ™ mn— —>
Phe=cH | ¢ A SiR H H
SiRy H 3
RySi H
\ [, Pn /
+
[M]:§
RySi

Scheme 6-4 7EFLYAQE FOYS VO trans (MO FBIN B L1510

Scheme 6-4 (IR U7o RGBTl M-H #ATEHE{ M-Si BAENOAERIRAKEORADLETH Y, HOE
TP 7 5T A, Tanaka HIEASOY YA trans—[P(PEL,),(X)SiMe,] (X = Br, ) D Pt-Si #5850
U7 2 IVTEFLVVOBAEBEL T AD, FURGHRETIIELUD L FY MK trans-[HP(PEL)Br] @ Pt-H
BACRTEFUVUDBBALALOI S8 THE LTS, X 51T Lichtenberger H 11 CpFe(CO),SiMes,
CpFe(CO),H ¥ £ T CpFe(CO),CH; DN ARY MVBIEDN S, AV 7 4 /i3 Fe-H #6440 b Fe-SiMe; i
ANBEALPTOETFHLTOAY, LOLEAS. M-H AL M-S ADIT AT 5 BHKOBRIEEE LT
M-Si #ANDA LT 4 O RRN I ARGAEFETEFITERTH L.

= &

R4SiH |

Rh.,
/} /m’i\ / hv,-60°C /, ‘ \ H
/ SiR;  (R=Et Me)

Perutz HEEEHRLIICE N FEVUNEE LOLF UV ARLT & UTHT 5 851k CpRh(C,H,)(H)SIEL, %
AR BEE LT (eq 6-2)%% ZOE R FUUJUESARIRE No YV IWMERIGOMIEE UTREET 522 &0 S
2N, BS b Wrighton 5 ERIICE Fo YL M-Si %Q/\@?ﬂﬂ 4 v OFANICL » TEL SR U7,
—R. 2Ok FY FY Y IVEKIE Chalk-Harrod BB 135 £ Ko v ) IULRISORIEK EZZ6NE I TH S
. FBORIETH Rh-H AN ZF L VAT S I EICL > TEKR U TV F Iy Y IVEEK CpRI(ENSIR ,
WEREE LTHC JEMH oM an®, JORF, TFIVE spectator BEIFE UTRIGICIE2 (S LA
LEANT A, Fio, Perutz HIFE KU N~ Y LSRR CpRu(C,H )(H)(SIR,) Ltk » 1L HEB EDREETHRT S
v BEIN SRR (1) H-SiRy, DRI 2) CH, DM 3) M-H #&~ORA LT L L OFAD

\

(eq. 6-2)

(17) Lichtenberger, D. L.; Rai-Chaudhuri, A.J. Am. Chem. Soc. 1991, 113, 2923.
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6F p-vY L USEREREMRKRLORIG

(GIE =Y
!
H migration /Rh""'-' Et Rh..., H loss of HSIR.
Me,s0” \ DMSO HSiR's / 8
SiR, \ / SiR',
Rh
/' """" H
SiR;
| ;/H/ \ =
|
Rh.., Rh.,
. . Et DMSO , \H
Si migration Me_SO SiR, loss of C,H,
SiR,

Scheme 6-5 CpRh(C,H,)(H)(SiR,) DRIGHS

JMEHTH Y (Scheme 6-5) {LFERWLRIET M=Si HEENDA VT 4 VOFMAZHERTHILRBTE LN -
Foo VNAZTLE RY K= )UK Cp,Ze(PMe,)(H)SiPh, ELF L v EDRIETH TF L /i Zr-H #51CHF
AUs Zr-Si HANERCHALBO I EDPHRINT A,

HET A RUADOEFL STIERARKO RS b F oy VIMERIGOBEEZY ST 5 I EEERT
Ho. FOE-BRETHAIBAOERMIIDOTANS ZEREREO L EEDNS, UL, M-H &6 & M-Si
EAOWHEETAE N R - U R ERERIRMKERL ORIGIZ 20T 2 IR U BSMCHEfilE
1 RERARAKRBOFTAOFAMICET 2 EN TR R B ONTORL,, AFETHONIE Zu-
U L A [CpRu(u-SiR,)(u-H)], 3) i Cp' BLSMIREAT-& LT A RERELNFR-TH 59 Al
RALKZFEHOBAO AW EAFENLOIHELIEEEHLT0E, FETRUEDOL I BMEE S LITEA-—p-
DY UUBRETEF U B SN IF L v EDRIGICDNTHE Ui,

28 2,5-Y¥SNFF LI oRyFUEK [Cp'Ruu-H)l,u-SiPh,CH=CHSIPh,) (21a) DEMR&E KU EDHEE

ER-pu- 7 2 =) L VK [Cp'Ru(u-SiPh,)(u-H)], 3b) & 1 atm OT£F L HC=CH DRIGIZ &P
25-V Y INTF Yy aR T UK [Cp'Ru(u-H)|,(u-SiPh,CH=CHSiPh,) (21a) D\ A ) & L TIZIFEER
KB SN (eq. 6-3) 80 "C IKMBALLHAICHRINE 6 WRIZE TR T U, BILRRBIEHAZ S HEE 3b
HEBRTHTEFL VERIGL 21a 2547 (4 days, 11, 30 % conv.). 'H, BC, #Si NMR 7 5TNT IR AN7 K
WVE K OTEHAHEIC SO TEK 212 ZRE LT, Fro, XBEREIC LD ZOMELHERE U,

S0k 21a @ TH 5L BCNMR A7 MUY Y 74 7 7% A 7 IVICRBEREDEEI NI, A 55
A7 NVHDXF KRER 8615 I PSi EDAE UHRILLAH T4 PE—7 &M TREl SN Jg =13
Hz)o E72. BCNMR A7 FUTHEA F VERFED § 92.5 KBES Nz, O, KELKFZLOMOHEATEIE

(18) Kreutzer, K. A; Fisher, R. A.; Davis, W. M.; Spaltenstein, E.; Buchwald, S. L. Organometallics 1991, 10, 4031.
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THNT T LRI L D ERT A RO

R‘/W"R 1 atm of HC==CH R 7 i R

-|-Ru_ u u u

H" 0 SN \*f///

\\ / 80°C,8H k H\H //,
Si

3b 21a

145.9 Hz TH V. sp? DRRICHHNBMEET Ulce X I IHATNFDHIARDOY TF ML § 4.6 KBRS N
foo ZOMEIFER-pu-2 UV /8K 30 DREEY A FDMEY T F0109.8 TH - D EMBHNTH Y 21a
O A FRERHRUEDr AR THAIEEFTHOEEDNA,

FHEINARIGHEE S Scheme 6-6 IIR U7z, £9. EZ—u-v ) VVEEPOE MY PG FRNEBEITS Z

LD, cis-BIOE Z—pu- ) L FREKDERIN, 2T TEF LU 2e FF—E LT a-BIITHZE
LD PREK A DERT 5, SOT, BETES LV U Ru-Si EAIKHEATAZEICLY BOEL, 351, b
I HOBREr A REALF L OMTETICEEST A LISV VY FITHF A 7N E LA, ZOB. EX—u-
VYLK 3 OE N FOBMERIZ OO THEHBICHSMIUILEB D THD . E Y KU FREBETLI &
&Y cis-EZX-pu-Y ) L PRRPER LD EEZ oNDB, Tl PUAFIVKRAT 4 VEDRIGIZED P
Mk A DETILAHEEZ 5115 [Cp'Ru(u-SiPhMe)],(PMe;)(H), 20) SN THE I &6 (58S
B) . EXpu-Y YV URE 2¢ FF—EDRIBICE D, Lol Al A DEET 5 EFHI NS, ARFIRILK
FEO M-Si BANOTARIGIZ DO TS Tl L) K& hDHBH SN TH Y . TRk B DAL I
THEDTH A,

BIRK7L Ru-Si EENDTE2F L
YOBAILDOLTId. BEAETESHL

(eq. 6-3)

ETEFUVERLAI LI L - TH

BTHIENTER, TEFL Vd, Phs{Ph o o
EVRu-D7 22 V) b8 3b @_R A‘\Ru_d o1 aceipiene \T SN
EDRIETR, A5 594 750 3, 4 \&\ //7\4
4 MBSO 25-V5 TIF Ph b

Fv 7 uX T U8R [CpRu(u-H)],- * *
(u-SiPh,CD=CDSiPh,) (21a-d,) 7' H mfgs?t:!%:nd
2B oNT, #K21a-d, D 'H e '

NMR AXZ MVICH A F ki :_/jsl.}  roduciive Hihzz:.p\h} |
SCUrFViRACBESNS. $1 Ng\f/y S e— \ﬁ"\ﬂ/ﬂl\f
QHADBABEEFT ALK Fv . '

7 F VAN 21a DEE & RIS 6 -14.30 e °

ICBE SN (Figure 6-1)c ZODFEHE  Scheme 6-6 ik 21a DERKE
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8% u-v Y b U SRR R L ORI

cp'
g |
/H\ 1atm of DC=CD phlsi 0
PV T RUZ— Ry
/ 80°C,8H . \H\;'
Si
/\
p‘“P“ Ph Ph
o
2153.3‘1 o 3b 21a-d,
W
cp'
Sk-Ph,
Ru-H
I L * |
Flhph
™S i
Si-Ph X Phiost
C-H \m""\\/f%
l Lt Ru-H
:
I3 J : J
U i R i ¥ i 7 R i

Figure 6-1 25-Y Y37+ 200XV 57 /8K 21a LU 21a-d, D TH NMR 2<% hJL (300 MHz, 23 “C, ben-

zene-dy)
s RIGET £F U FOEK. %0 Ru-HEENDTEF L DHARRHUBOBETEL I E2RLTE
D, TEFV UHEBRIIC Ru-Si #ANBALL I EEXHTEH0TH 5, '
INETEE - L MY FEEANORAILEL
THERE - 7 A FREE ORI EFOHE
ABEgEINfRE ., JITHRoNHRR
EFY F= 2 YV G E U TIREAOH &
Bbhb, 7. Scheme 6-6 I3 UIcBEILE
Fov U MLRIGRZBZ 12EA. ERY F-v
JVIED M-Si BAICRROIE L 7 ¢ Vs - - ”
ATHHHE (VYA ZIUEEHE) OFEEZRL ,L

XHTEHDTH B (Scheme 6-7). RySi ///
. j Silyimetalation
EX—u~v Y Uk ETVF VD RIGIZD EtSiR, [M]

DTRINETR L LALZTHREIN TS, |I1
Corriu 51¢ EZ~u~¥ Y b /#54K [Fe(CO),(u-

SiPhy)] &7 £F VUV EEDRUSHN S HED 2,5- Scheme 6-7 & UL &L

SiRs CH,=CH,
H—IM]

RySiH

VYo v iaxXryT 8K Fe(CO),(SiPh,-
CR=CRSiPh,) (R = Ph, Et, Me) 2 &L 7 (eq. 5-4)¥, F/os 2-TF V2 AOLBACR 240FDT£F L o
Fe-Si #6aICHA LR BRICE SN TH S,

(19) (a) Corriu, R. J. P.; Moreau, I. I. E. J. Chem. Soc., Chem. Commun. 1980, 278. (b) Carré, F. H.; Moreau, I. I. E. Inorg. Chem. 1982, 21,
3099.
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RN DRI & BT A R AP ORE AL

Ph,
Si

R
R = Ph, Et, Me /
—— '  (OC)F€ |
..
Si R
Ph, Ph,
Si
(0C) re” N re(co), —o=CF
e s 4
Si Ph,
Ph, Me Si Me
R=M N .
° Me <z/\/\ \,/>\§‘ Me
(OC)Fe—Fe(CO), (eq. 6-4)

Z&V&?W?%V?D&V%V%Wﬂaﬁmﬁ%\ﬁﬁ'ﬁﬁﬁbfﬁﬁ?%atoit\na@&yﬁyﬁ
WAHSE Ul NMR Fa—7% 70 "C B LTH. FOARY MNEECEBBESNED - 70 (3 days)
LvL. MVI B, BEAETTH 10 EMMAIICSTOHERE 21a [EMEL . 8K 3b 23LZHORAE
DIEHEEZ e 9 HEELD PMe, 2 RITRIT 5 Z &0 L O MERIEOHEIETL (50 % conv. 10h), FX
3b LA DIAHOERSHE NI, 1 atm O—BLRFELBR 21a FERTRIISLEN o720 90 “C T
EOMCRIE Uy VAR ER—p-3 ) L V3K [CpRu(CO)(u-SiPhy)], (cis-17b) ZEREMIZH AT (eq. 6-
5) CHHORERE. MBI L - THEK 21 OAS THA 7RO Si-C ik PR EHI 2 EERRTHEDTHY
Scheme 6-6 (27 U BMIZ B TE Z—pu- 2 ) L v 8814 3b WL A AR BOFEE RETHDDEHZ 5

N5
- [Ph F‘\h
*Si-
/ l} 1 atm CO, 80 °C
Ph—Si Ut \R
P
Ru———Ru C
(RN o
. / Ph

21a cis-17b (eq. 6-5)

[Cp'Ru(u-H)] ,(u-SiPh,CH=CHSiPh,) (21a) D&, §50k 21a O XSSV & VBET RO SES
W EEO T X AGEROT, EREEERIOE L. ZEBHE P2jc Thol. MEEELLUREFNT -5 %
Table 6-1 2 F EWice 23°C THMELRT =5 D9 b 30 UEOBEAFFD 4246 OMILRAT T — 5 % O THN
Utce THEET 200 NT 2 AOMEEFD. 7= THKICE D ARFEUSNORR FOMEZHRE L, Full-Matrix
BUNEFEIRIC & DKL Lo KEDNO L TORFRFSEFMICEM UL V7 =0 AR L FY FICBL

THEFWIZREE U, 27—V ZRICK DK 21a ®200E Y FRMFOMELRESTH I LN T,
Figure 6-2 ICI3450K 21a O FHEEE R o, 7o, 885K 21a O THERL SIHAHO I LREEL HOZ
Table 6-2 IZF BT,

0k 21a OVF= 7 LAEOERT 2.759(1) A TH Y. 220N T =7 Lt p-n% n>-[SiPh,CH], 777 % ¥ b

&L - TR ST, f&7ﬁ4&w%mmbfhé4owﬁ¥m&1&2C1cm IR —FE ki
frBLTH Y. (Rul, Sil, Si2) I0& > THRSN A EIE Sil-Si2 A& LTHEL TS, Eloo TOEAD
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65 -3 b sk E R R E S O RS

Table 6-1 ik 21a ODERFHNT—~9 L HERE

(@) Crystal Parameters (b) Data Collection

formula CysHgyRu,Si, diffractometer Rigaku AFC-SR
crystal system monoclinic radiation Mo-Ka (A = 0.71069 A)
space group P /c monochrometer graphite

a, A 18.625(5) scan type w/26

b A 12.290(2) 2 50.0°

¢, A 19.657(4) scan speed, deg/min 16.0

a, deg refins collected 7841

A, deg 114.50(2) independent data 7596

¥, deg independent data obsd 4246

v, A 4094(1)

VA 4 (c) Refinement

Dy &om® 1.403 R 0.041

temp, " C 23 Ry 0.033

w em™ (Mo-Ka) 8.10 variables 451

C36© Ca2

Figure 6-2 25-U 357+ 0XV7 vk [CpRu-H)],-SiPh,CH=CHSIPh,) (21a) O (a) #FHEEES (b)
FDAYSHA Y INESOHAR

KEXWEH S1° Thotto INETLH Y Y TAY IR UT VERATTABBOBKIABINTED O, XRK
T & 0 7 OHEED I S M SNl bBE I N T A 19020  WFhOBAS A 7 73 7 VERITFEZ K
LTH . Friuids - 7 Hisid 2 Bt I S s b 0 Bbh B, DEY A Y FHA 7 VPO C=C ZERRD
bI—HOEEPLEOHEERICL > Ty oy 7 VIR - e b D EEL 6N D,

Ru2-C1, Ru2-C2 DHEOHEITENEh 2270(7), 2.243(7) A TH Y. Ru-C n-#ADHBHIAA LT 5. C1-
C2 HDKATRET 1.406(9) A THY. THHEM LA LT 4 2D C=C ZE#AOHEHOHMAN TS - 7o &

(20) (a) Hseu, T. H.; Chi, Y.; Liu, C—S. Inorg. Chem. 1981, 20, 199. (b) Cheng, C.-W.; Liu, C.-H. J. Chem. Soc., Chem. Commun. 1974,
1013. (c) Liu, C.~S.; Cheng, C.-W. J. Am. Chem. Soc. 1975, 97, 6746. (d) Fink, W. Helv. Chim. Acta 1976, 59, 606. (e) Sakurai, H.;
Kobayashi, T.; Nakadaira, Y. J. Organomet. Chem. 1978, 162, C43. (f) Sakurai, H.; Kamiyama, Y.; Mikoda, A.; Kobayashi, T.; Sasaki, K.;
Nakadaira, Y. J. Organomet. Chem. 1980, 201, C14.
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BT LKL L B ERY A RIENOTERA

Table 6-2 25-U3 ST+ L5 0RVF VK 21a OFLETFRER A) S48 (Deg)

(a) Bond Lengths (A) (b) Bond Angles (Deg)
Rul ~Ru2  2759(2) Ru2-Cl  2270(7) Rul -C27 2291(7) Sil - Rul - Si2  75.83(7)
Rul - i1  24102) Ru2-C2  2243(7) Rul —C28 2241(7) Cl-Ru2 - C2 36.3(2)
Rul - 82 2421(2) C1-C2 140609 Rul-C29 224507) Rul - Sil - C1 10202
Si1-Cl  1891(7) Si2-C2  1895(7) Rul - C30 2.221(7) C3-8il -C9  100.7(3)
Sil-C3  1912(8) Si2-C15  1916(7) Rul - C31  2.283(7) Rul -Si2 - €2 101.1(2)
Sil-C9  1916(8) Si2-C21  1.929(7) Ru2-C37 22007 CI5 - Si2 - C21  99.4(3)
Rul - H1 178 Ru2 - H1 185 RuZ - €38 2.175(8) Ru2-Cl-C2  70.8(4)
Rul -H2 151 . RuZ-H2 183 Ru2 - C39  2.164(8) Si1-Cl-C2  1119(5)
Cl-H3 127 2-H4 112 Ru2 - C40  2.152(7) Ri2-C2-Cl  7254)
RuZ - Si1  3036(2) Ru2-Si2 29322) Ru2-C4l  2198(7) Si2-C2-C1  1168(5)

fo. RERYOHER C1, C2 O sp? HEET DO TH - Iz (Si1-C1-C2; 111.9(5)°, Si1-C1-H3; 130.6°, C2-Cl1-

H3; 1152, Si2-C2-C1; 116.8(5)°, Si2-C2-H4; 113.8°, C1-C2-H4; 127.8 )

(o] O
C
F Ph,
2 t
oc.. I St )\ Bu \ /s'
OC—Mo\ Et
Ve Si ~si
oc ] N oc” Ph,
C
(o] O

XBEIRECLYBENRBONMNISINZI VX I3 o007 /8#K

rAFE Rul EOEOERIIZNZN 2.4102) (Rul-Sil), 2.421(2) A Rul-Si2) ThHH. IhEFTITHEIN
TWh% Ru-Si HEAHSOHEHMATS » 722, THIIH U, Ru2-Sil, Ru2-Si2 FOE#IEZN LN 3.036(2),
29322) A THY. Ru2 EF 1 REDHIH o-HADPFELELLZLI EOWSN LD, PSi NMR TR (0 4.6)
KA AZOY T FVBERINBEELHF LT 5. Eioy 7 A REOHHE (Si1--Si2; 2.969(3) A) 1 van der
Wall's 3B0OR! (3.94 A) LHETEEDEDECL->TOA, Liu 6bRAL VY TAF TV oRyT Uik
Mo(CO)s{SiF,C(‘Bu)=CHSIF,} O/ A HMEMNE O L2 MELTHS (Si-Si; 2.861(3) A)P%, o, B
FAHRLED VFE OV T FIVNH 2 Hz OREAEHER -1 "EREUVTBEINL I EAHE LTS, TOHA
EP T ELTHREBATHE LD S, FARBITHEAMOM ARG HHLEEZTEH D Si-Si HERED

(21) (a) Straus, D. A,; Tilley, T. D.; Rheingold, A. L.; Geib, S. I. J. Am. Chem. Soc. 1987, 109, 5872. (b) Straus, D. A.; Zhang, C.; Quimbita,
G. E.; Grumbine, S. D.; Heyn, R. H; Tilley, T. D.; Rheingold, A. L.; Geib, S. I. J. Am. Chem. Soc. 1990, 112, 2673. (c) Campion, B. K.;
Heyn, R. H,; Tilley, T. D. J. Chem. Soc., Chem. Commun. 1992, 1201. (d) Campion, B. K.; Heyn, R. H,; Tilley, T. D. Organometallics 1992,
11, 3918. (e) Campion, B. K,; Heyn, R. H,; Tilley, T. D.; Rheingold, A. L. J. Am. Chem. Soc. 1993, 115, 5527. (f) Crozat, M. M.; Watkins,
S. F. J. Chem. Soc., Dalton Trans. 1972, 2512, (g) Einstein, F. W. B.; Jones, T. Inorg. Chem. 1982, 21, 987. (h) Klein, H.~P.; Thewalt, U.;
Herrmann, G.; Stiss-Fink, G.; Moinet, C. J. Organomet. Chem, 1985, 286, 225. (i) Brookes, A.; Howard, T.; Knex, S. A. R.; Riers, V.; Stone,
F. G. A,; Woodward, P. J. Chem. Soc., Chem. Commun. 1973, 727. (j) Edwards, J. D.; Goddard, R.; Knox, S. A. R.; McKinney, R. I.; Stone,
F. G. A;; Woodward, P..J. Chem. Soc., Chem. Commun. 1975, 828. (k) Howard, J.; Woodward, P. J. Chem. Soc., Dalton Trans. 1975, 59. (1)
Harris, P. J.; Howard, J. A. K.; Knox, S. A. R.; McKinney, R. I; Phillips, R. P.; Stone, F. G. A.; Woodward, P. J. Chem. Soc., Dalton Trans.
1978, 403. (m) Djurovich, P. L; Carroll, P. I.; Berry, D. H. Organometallics 1994, 13, 2551.
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8% -V b Uitk NMERRIKEE ORIG

WABADIRZDIHTHA EER LTS, 881K 21 1 Ru-Ru B2 SOOI E S TR DD 22074 &
HESHICEMBEEL LY NMR ZA0TT A HEOMEEHOFEAHARD I LR TE DT,

WF =g L& Cp BRikHE EOHMOERE Rul [ av. 226 A TH Y. EXMEBLRBIZHS Ru2 fl
DS (av. 218 A) LV R LT, 2ETHENIELI I, THREBPLD S Cp BRFEANDFEALLD M
BDEILEIBBDEZL SN S,

3ET ZTOMOUISNFFLIOARVTFUEE DUSHTFFIaRYF UK 21 OHE

BT 2 WA FIY Y L VR FAEETH EX-pu-2 Y b v 85K [Cp'Ru(u-SiPhMe)(u-H)] , (3d-syn/anti) &
TEF LV EORIETH 21a ERREHEAAT 5 2,5-UVINTF U7 00T VK syn-[CpRu(u-H)|,(u-
SiPhMeCH=CHSiPhMe) (21b-syn-1) % ELHBHDILAWHE SN (eq. 6-6)c T LI BTN T T4 —%
BB I LK VIR 21b-syn~1 % BIEEL . XEBEAHELZHOTZOMEL R Ul (k) . #k3d &7 1F
LY EDRIGTIREERISMI G T v F L/ IClRT 5 EBDNAZ BOFERYVEIE U, FIc8ik 216 ET 03
F ETHET B DITEBDRIE TE (b, ERBNEERDE I EFTELN -1,

Me
Ph e
_Si.
/H\ 1 atm ofHC==CH / |>
—Ru\ _Ru Ll Ph,—/Si

H/ 100°C, 10 h
\ ’ Ru Ru
/
si X-\\;\\\H\ H'/Z?
i
Me Ph

3d-syn/anti 21b-syn-1 (eq. 6-6)
WK 3dosynlanti ET € F L EORETRENS TSI NTF 7 0807 VKL TIORT &5 12 3 1
BHOEWKRNREZ ONA, 100°C TITHE » RIS T 21b~syn~1 OARE LN, L L. RISEZERTIT
15 1B A1 21b-syn~1 LSNT, TORWUKEEZEZ SN 5 2 DK 21b-syn-2, 21b-anti DAL 72 X
JGHD THNMR AT MUZHEA 7 T3 A 7 VDD X F 0k FITRE SN AEE-IE Y 7+ VD § 5.96 (21b-syn-
I), 6 6.14 (21b-syn-2), § 6.04, 6.02 (21b-anti) \CBHISI Wi, Fhoy THhOICHIGLT3BHEDOE FY KDy
FIDEE I NI (21b-syn-1; 6 -13.64, 21b-syn—-2; 6 -14.99, 21b~anti; § -13.7 br, ~14.7 br)s $i/K 21b~syn-2
& 21b-anti FHEET A LI TERD 720, THNMR AR MVT Op' &, & R FELUAF KRBT
Y7 M 20b-syn—1 DO EFMEE L > TOB I ED S, TNEBUOHETH S LEAL (ERESH) . ¥
7o AF VKB DOEGTEED S syn—1, syn-2, anti ROERKHLERDIETA 5:3:4 TH-T0
SN2 851K 3d D syn R & anti ROWDNFIT 1:1 THo IO OT . LM 21b D syn / anti
DU 211 EH T ZEDS, PMe, DI & FHTIIE DEATIOH > TER 7 A RRILTF OEENSR T 722 &
DIREENA, Fl2. 100 °C TRIGEITH - 12BHTIE 21b-syn—-1 DADE LN ED S, 21b-syn-1, 21b-syn—
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ZHVT 20 LRI K BB 1 RAGHOBEHRAL

IMe

Ph~ s||—> Me ~ s| I) Me- s.l—;
Sl Me-————Sl Ph— Sl

Wi Wy W

21b-syn-1 21b-syn-2 21b- antl
ik 21b DEZX SN REE

2 B LU 21b-anti O BENFRIR bLETREEK 20b-syn-1 THHEEZ OND, EAp-T 22NV A F
VY VEER 2d-syn TIRER T 2 ZVEE axial (1% 5D TOADIIH Ly 21b-syn~1 D7 = = J)Vid equa-
torial L% 5% 5 2 LD XHEERATICL VU S DIl - 7,

HHREAEEEOE Z-u- ) L v [Cp'Ru(u-H)],(u-SiPh,){u-Si(OH)Ph} 3f) &7 &F L v EDRIET
DY NTFF Yy aRyT UK [CpRu(u-H)], {u-SiPh,CH=CHSi(OH)Ph} (21c-1/2) % LREWREDOR A&
LTH. X5 2oONEEWKROM THTHMBEBADIEAR S ERH MU, BR3rETEF
LV EEPIMIRIGL (60 °C, 3 min). BB & LT 21e-1 252 %, U UL 21e-1 O MV V%
100 °C MBS 5 E LA Y| 21e~2 DHEIKRT 5 (eq. 6-7) ZOFERFAMALLY VI N TF TRy
FUBKRPTRIAZEERFLTED .. BERNICHON 21e-1 PENFNBEBNTH S 21c-2 ZHATIH
DEEZBIENTED, XBMERIICE LM R2BL I ENTES, ThoOBEREHERTL I L]
TERD -T2, SHESLZHOMED & MEDTAREWERTH 52 L2RALL (RBRERD) ,

Ph OH
Ph- s Ph-gij-
A‘l 1 atm of HO==CH " ]) /Sl IB
-Ru_  Ru T Ho—s| B S—— Ph——si

/ 60 °C, 3 min Rﬁ/ Ru
WA WA
Ph Ph

3f ) 2ic-1 21c-2 (eq. 6-7)

>

4ETRURRIS, EXu-2 ) LV EBRORIGOE—BR TR B PG THEBETS Z L0 cis B
DEZR—p- Y Ly PHEREET A EZEZ 6ND, TOR, E2-u-v )V EROEA RIS, cis Bov ) L
VAT Cp BES A R LOBRALOBO UEKNEREOIDICEROERE 3f TIH7 2 =08 [ axial
A EDLLDEEZ SND. W>T TEF LV EDRIGOHBEFED I ERVEREE axial MICHT LV 70

RUTF VR EFHING, UhLENG, Y7 oRVT VBRICEIT B A F - i A FIHESEN SO 2D
(cf 2a: Si--Si =3.28 A, 21a: 2.969(3) A). 7 A ZLOBEHEE S LOVGBNEREORE(LLLDEZEZ 605,

WoTs PVYINTFI o T VHEPIZEOTH equatorial (LIZER OEREL T AEMKDH axial
LCEROEBRALF OO LVBNENILELEZEL OND, JhITE D&, BABRBHDOE Z-u-2 ) U v ik
I ETEF UV EDRIGTHRONI 2RO LEYOMEL FED L HIZEZ T, £, Scheme 6-8 1213 21c-1

(22) Yoshida, S.; Takao, T.; Suzuki, H. unpublished results.
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6% p- LUk ENMERIRIKEE ORIE

- 7
Phy |. Ph-sﬁ—Ph
H TI\ Si—OH / l}
N N\ HC==CH HO——Si=" |
CpRu\ RuCp' Cp'Ru'/ RuCp'
Ph  OH g S~
\/ / HoH
Si At 21c-1 &2
M\ w [ S
CpRU___ > RuCp N '
N comi 9 Sucy
2 Phy | pr-gi-2H )
Ph Ph 4 Sie Si—Ph "/S'—I} / B
\|/&\ HC==CH Ph——Si—"",
3f Cp'Ru RuCp' —_— Cp'Ru// ﬁuCp'
< S
H™H
A-2 21¢c-2

Scheme 6-8 YUY SAFFLoO0RYFUEE 21e-1 BLU 21c-2 DFRIN B S 5 I E R

B LU 21c-2 OHEBFBEER L.

trans B> Y L VMK 38 1Ck1H B & R Y R 74 TN E) (site-exchange) 1L  cis B Y L vigfk A-1 &
A-2 DEE L. FRTR Ru-Si #HAKT 2FVURHBATAZ LD VU INTF U7 0Ny T VEK 21e-1
B 21e-2 BEET 5. 21e-1 TR A FLEOD axial BALFNESIZT 2 ZVEEL D 205 ORIDIERFE
DI 21e-2 IKHNAREE » T, I 51T 21e-1 EIMBIC LD PREIE B &MU T 21c-2 ~EEWALT
%o 2le=; — B - 21e-2 &) BEALDFHIT DL T Scheme 6-9 IR L72: 21e-1 95 21e-2 ~NDEHUL Si-C
EAORH., 2207 LPLES A ZOMOHEADMIE X (bond switching). Frioil £ L7 Ru-Si #&
[ Y OEEERE EDFEEREEATE Y . bond switching & Ru-Si ALY OEERIZ L D7 A F L OUKLT DR
PRI HDEZL LN,

Ph j Ph Plh
_Ph [ )
Ph‘SI'I AN Si-C bond Ph—gi- 1" reductive PR=Si—N\
o / o cleavage / /w elimination Ph
e—5 . : P
‘ | HO mesamm S Si™~
| 0 ————n r ~
CPRIS R CP‘RU\/ /\R\”CP T cpRuZ-5—Rucp
H ~H H
H H
H
21c-1 bond
switching
and

Ph Ph rotation
Ph sI o d Plh OH dati Ph sli

—31- Si-C bon . oxidative -

/ l} formation Ph‘S"l N\ addition OH\
Ph=>SI" s ph—L_si Hesi
cpRUZ——RuCp ~—— =S - -

N7 CpRu RuCp' cp'Ru—- | —RuCp'

< ooy d

H
21c-2 H

Scheme 6-9 25-YYSNFF Lo aRVF/BEORBILOFEINIHE
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ZHVTF o MBI L B H Y 1 BCADOTERAL

syn—[Cp'Ru(u-H)],(u-SiPhMeCH=CHSiPhMe) (21b-syn-1) Ot &K 21b-syn-1 O XiRHEEHITIC
RUTVBREP L) BRI Ee0T) XLGER N, BIEREE LOHEETHT — 7% Table 6-3 IKX LD
fr. E7—Y LREICL DEA 21b D 22D b N FEAFOMEARET S Z LI TEAD -7, Figure 6-3 KIS
44K 21b—syn—1 D4 FHEEET Utc, Thoy B TIBML SNHEEAO ) bERAZ HDE Table 6-4 (KX LD
126

Table 6-3 #{k 21b-syn-1 ORSFHNT—9 LAERH

(a) Crystal Parameters (b) Data Collection

formula ) CysHggRu,Si, diffractometer Rigaku AFC-5R
crystal system orthorhombic radiation Mo-Ka (A = 0.71069 A)
space group Pnma monochrometer graphite

a, & 22.706(6) scan type w/26

b, A 16.064(3) 26, 55.0°

a A 9.365(2) scan speed, deg/min 8.0

a, deg refins collected 4326

B, deg independent data 4326

Y, deg independent data obsd 2356

v, A3 3415(2)

z 4 (c) Refinement

Dyep &em’ 1.441 R 0.063

temp, C 23 Ry 0.058

% cm™ (Mo-Ka) 9.58 variables 190

c2
C12 O
a \ C18

LI g; /
SR

Clax czo*k

Figure 6-3 S5 7+ 70R0 7 /i syn-[Cp'Ruu-H)],u-SiPhMeCH=CHSIPhMe) (21b-syn-1) DR FHEE
T TR & H I Figure 6-3 107 U7 85K 21b 1Z 3 BHEOENKRD I B, ROLBNFHIIKEL DD TH %,
bFAFREDT 2 ZVER2DE b equatorial M0 ED THAEPREITH 5. EA-u-v VIVEERTI Cp E&
DEOIEKRIITE D EEOCERER axial (1% 55T EER BN, HiK 21 TE7 A KEOHMDH 2.97 A
THY. EReu-¥ U IVBEKRDES (Si-Si; 328 A) L0 b 03 ABEH 5o TA T, Cp REDILEEFL

HDHr AR EOBREDOROIKRFEPAE (D, 21b D7 2 ZIVE equatorial f1% L5 EILHE 72D
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6% u-vY Lk EAERMEAUKRE DRIG

Table 6-4 8k 21b-syn-1 OXLEFMES A) L&5% (Deg)

(3) Bond Lengths (A) (b) Bond Angles (Deg)
Rul —Ru2  2769(2) Rul ~C9  223(1) Si1 - Rul - Si1"  77.2(1)
Rul - 8i1  2382(3) Rul -Cl0 2.210(9) Cl-Ru2 -C1™ 36.1(4)
Ru2 - C1  22788) Rul-CIl 2.293(9) Rul - §i1 - C1  103.9(3)
Sil-Cl1  1881) Ru2-CIS 220(1) C2-8i1-C3  100.8(5)
Si1-C2  190(1) Ru2-Cl6 211(1) RuZ - C1 - Sil  88.9(4)
Sil-C3  190(1) Ru2-Cl17 2.199(9) Ru2 -C1-C1"  71.9()
Cl1-Cl" 1412 Si2-C1-C1"  114.5(3)

EEZHNA,
Fio, 881K 21b-syn-1 D FRIEHE S IEAAE 21a DL D EFREVETH -7,

ABE p-EZIY YL u-2 U ILEEK [Cp'Rul, (-1~ HSIPh,{u-SiPh(CH=CH)}u-H)(H) (22a) D&H

TV INT Y7 aR T /8K [Cp'Ru(u-H)],(u-SiPh,CH=CHSiPh,) 21a) DRIGHIZOWTH INETIC D
BT EI, THDH 21a 2B LIBAIIE Si-C HADYMERTT ¥ F LV ORI D EZpu-2 1 L
VESEPER U £F. PMey 50T CO EDRADI BN THRKICTEF L v Oltstic & > TEZ—u-
YOV UEBRDPER U, KEEDRIETIE Scheme 6-6 17 L7z A B @ hydrogenolysis B TH 5 u-
EZ VY JIVESE [Cp'Rul,(u—n>-HSiPh,){u-SiPh(CH=CH.,)} (u-H)(H) (22a) P& S 7z, $HK 22a 1T 21a D—
FD Si-C #AEDHPYMEINIHDTH Y, PHEK B OFEEIHTIHOTH S,

H
Ph, H
Ph~ S| I> sll/\\\/
“H
Ph—— Si 1atmHy, 1t - _.,_RIU\H/;\;lu__
,
\&\\ '/\% H Si—H
Ph,
21a 223

(eq. 6-8)

K 21a O MV VIR EET 5 atm OKREBMIEH Z LKV BRI u- B2V ) IVEEA 22a 2781
(eq. 6-8)0 BUSIE 24 FFRFLIMICKE T L. B bEBDOBANEENL LTz, 85K 222 BES - KM L TRETH
D ATL7a2 T 74—k DR UK, TH, PC, PSi NMR LU IR AR M VIE SN TTEMTEICE
DT 22a 2#FAELT, oo RUF 2/ MV VBABERP LD REIEEESEBOTXREERT AT

. Bk 220 OHEERER LTc

#k 222 12 3THOE N FERIFEELTHD. 1287 A HK, VT T LOMICZE L. 2 BF 3F0LES
ARELTEY @D 128072 AMICEEL HY). BYO 1D2KEOE FY FELT2E T 3 F0MESE
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T = LRI L AR A B EB OB

BAEET LT AEGREO LT = A BIZRM L TH S HY). ZN 56 OFER TH NMR AR7 MV ST
17 X SRR & CRERT 2 2 EDTE Tz, k72 SEEOL N FEALTOET NMR D% A A X7 —IVH
TOEPIM AR NI L% AL /ERBESEER (spin saturation transfer experiment) (& VHEH U7,

550k 22a O TH NMR A7 FUWTIEHBED 3AD

ERY KDY 7§ -10.16, -14.59, ~18.41 [HIE e i
H¢ “-..‘. z
Aht, T0HH 8 -1016 DE R Y7 FILVOMmE 144 Hz 7 'caaQ )
* & 55.7 V
il Ty = 48 Hz OV 754 NE— BElla ., & awss//\\c“ yf Bie
\ o ' m kH? cis
ORRLD 6 -10.16 D7 FIVE 2T T 3H0 Ru-H~ i, 'a“f
Ru
SiHEMAEEETAL K KHObO LB Ui, !\ P
% /2. HH-COSY &9 6 -14.59 O ¥ 7 F I & q2- 518,41 i i__/ -
47.5 Hz

EZVED o ## EOKREOBIZSHOHEERH S &
Wb, FhEEILS-1459 DY 7 FILE H Db
DOLiwE L7,

FAZLOEZNEDY 7 F VI BCNMR AR7 MU § 483 (d, Joyy = 140.2 Hz, C%), 6 55.7 (dd, Jo_y =

Figure 6-4 u-E=JL¥ U Leklk 22a O NMR 7—%

154.5, 158.3 Hz, CF) ICBLM & Nty E/o. THNMR AR MUVZREZ VT O MDY T FIVA 144 (dd, Ty
= 14.4, 11.2 Hz, H%), 1.83 (dd, Jy_y = 14.4, 2.4 Hz, H,), 1.89 (d, Jyy = 11.2 Hz, B ) WHBIBIZ I, 2O
BB N 24 Hz OAE VAR B LOMOHIBFMIC LS $DTHS I L% 2D HH-COSY A
R MVEOEA LI, THHD Y7 F M sp® HDHE. BLUZORELOKELEUTRHEHLY b2 GE
BIBIBINTOAN, JTHRESVESEBFOLHEERER DD EEL6NE, ERBIZEMLIA L
T4 VOV FVOER Y7 M UTHE. 28V T = AV EZ VK [Cp'Ru),(n>~CH,=CH,)(u-n*-CH=CH,)
KD T Omori HId» THHEINTLAEE, PLEDARYT MV TF— 5% Figure 6-4 ILE &HT2,

/. 2981 NMR AR7 MU 2ADY 7V 8 185 (s), 121.9 (d, Jg_y = 47.5 Hz) KBRS N, 'H LD
MDA AEASEED S § 1219 DY 7 F VA 2B+ 3L Ru-H-Si HEMEROr A F & A Uice u-E2IbY
YVED T AED Y T FIVE u-v ) VED O LB &S (5 18.5) KBRSy, ORI, S u-
By Y WERD A BE—HONTF =9 LEDORIZO A ORI AEET 5. DE ) KInfhD s A 3R
ThHoHIEWTRREND,

R AR VA IEKSD E K DM v(Ru-H) RIS DS 2082 on ICBIS e,
F1. v(Ru-H-Si) KB LIREORILS 1750 em™ KBS hice U LOSRFEN T -5 134T 22a OfEL
FELUTE 5T, BRMEDHEENS VYT NTFV 7 oRUT VEED Si-C #HEh B SR, 22a id u-
By YdE u- v Y VEORILARERILT 2 AT ARG REUOBARTH L Mo Lid -7,

SR 220 DBMREIETRE Zeu-V 7 22 V¥ ) U V8K [CpRu(u-SiPh,)(u-H)], 3b) EXF L /AT

B HP,

(23) (a) Omori, H. Ph. D. Thesis, Tokyo Institute of Technology, 1991. (b) Suzuki, H,; Omori, H.; Lee, D. H.; Yoshida, Y; Fukushima, M.;
Tanak, M.; Moro-oka, Y. Organometallics 1994, 13, 1129.
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N
’

88 p- ) LSRR E L ORG

Ph, H i
Si/\\/ \
Lk A o
< RumHuRy~——— — —Ru‘H,Ru
N1/ - CHy=CH;, \ /
H Si—H i
th Y
’ Ph Ph
22a 3b (eq. 6-9)

5 EEHER LI (eq. 6-9)s :@%%&if T5HA 7D 2D Si-C HEADYIMNEI > THHIEERLT
5,

[Cp'Rul,(u-n~HSiPh,){u-1-SiPh,(CH=CH,)} (u-H)(H) (22a) OFfitt.  p-E=IV 2 Vb -2 YIVEE K 22a
O X BHEERITIE VLY /Ry VBARIRP L D RHEIRIA VY VEO T X LGEA NI, i B
RICE L. ERBE P2jc Th 1o, BIESRMER LUERFNT — 2 % Table 6-5 ICE &, 23" C THEL
F=4 Db 30 YL OMEEFED 5245 OMILGT — 5 % AL T Uic. BEEET 20007 =7 LOMEE
Kb, 7— U TABICL D KRUNOZFFOMEART U Full-Matrix S/NARIEIC I DIFEML LI KRS
OETOBEFEIFEFHITERL. VT MM U FY FIRBUTHERMICRR Uiz, #7 - 2RI
LK 22a D3I ODE K FEETFOMERRET S Z EWTE 7, Figure 6-5 IR 22a OB FREEE T
Utce 7oy 840k 220 OBETFRIMHES O UNTHAH D 5 HEER SO % Table 6-6 1% £

Table 6-5 &k 22a DHERKEHNT—9 LAERY

(a) Crystal Parameters

(b) Data Collection

formula CyllssRu,Si; diffractometer Rigaku AFC-SR
crystal system monoclinic radiation Mo-Ka (& = 0.71069 10\)
space group Pi/c monochrometer graphite

a, A 11.981(1) scan type /20

b, A 20.134(2) 2 50.0°

o A 18.181(3) scan speed, deg/min  16.0

a, deg refins collected 7925

B, deg 108.603(10) independent data 7546

v, deg independent data obsd 5245

v, A3 4156.7(9)

Z 4 (c) Refinement

Dy Yom® 1.386 R 0.035

temp, ~ C 23 Ry 0.029

% cm™! (Mo-Ka) 7.98 variables 463

Figure 6-5 2 5W 6 00 & 185K 22a D 2 DO NT = L p-E2 )by YIVERE - Y VB ENIRIESH 2
FHORLL 2 & » THCHF 5T 5, 7= ARIOMAHEE 3.09686) A THY ., IhE TIHEINL
Ru-Ru H#ESHEOFEMINE - TH Y. 8Bk 222 PREHEZRIEREXF LTS,

D ER—pu— Y VERK 2 LIRBRICERE Y VR FH D 2 DD T =7 L= A REO# SHEHC I ENSH -
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ZHNF O LSBT L AHBYS 1 RCEHOERA

Figure 6-5 u-E=Jbi UL : -3 UILEEHK [Co'Rul,(u-n2~HSIPh,Hu-n2-SiPhy(CH=CH,)}(u-H)(H) (22a) D5 FifiE

Table 6-6 u-E=/L UL u-2 U LK 22a OELEFREEER A) L&4H (Deg)

(a) Bond Lengths (A)
Rul - Ru2  3.00968(6) Ru2 -Si2  2.564(1)

Rul - Sil  2358(1) RuZ - C1  2238(4) Cl-H4 106 Cl1-C2  1383(6)
Rul - Si2  2310(1) Ru2 - C2  2256(4) Cl1-HS 116 C2-H6 106

Rul - H1  1.75@4) Ru2 -HI  185%4) Rul - €27  2.312(4) Ru2 - C37  2.238(6)
Rul ~H3  1.50(3) Ru2 - H2  1.5747) Rul - (28 2.291(4) Ru2 - C38  2.233(6)

Sil-C2  1.866(4) Si2 - C1S  1.900(4) Rul - C29  2210(4)  Ru2 - C39  2212(6)
Si1-C3  1.903(5) S2-C21 1.893(4) Rul - C30  2231(4)  Ru2 - C40  2171(6)

Sil - €9 1.904(4) Si2 - H2 1.61(4) Rul - C31  2.251(4) Ru2 - C41  2.218(6)
(b) Bond Angles (Deg)

Sil - Rul - 82  106.70(S) Si2 - RuZz - H2  36(1) Rul - Si1 - C9  113.3(1) Ru2 - Si2 - C21 115.8(2)
Sil - Rul - H1  72(1) Cl-Ru2-C2 3591 C2-Si1-C3  99.5(2) Ru2 - Si2 - H2  35(1)
Sil - Rul - H3  62(1) Cl-Ru2-H1 111(1) C2-Si1-C9  1124(2) CI5-Si2 - C21 1013(2)
Si2 - Rul - H1 ~ 80(1) Cl-Ru2-H2 76(1) C3-8i1-C9 103.6(2) C15 - Si2 -H2  %4(1)
Si2 - Rul - H3  64(1) C2 -Ru2 -H1 86(1) Rul - Si2 - Ru2 78.70(4) C21 - Si2 - H2  99(1)
H1 - Rul - H3 108(1) C2 -Ru2 -H2 108(1) Rul - Si2 - C15 123.0(1) Ru2-Cl1-C2 72.8(3)

Si2 - Ru2 - C1  82.%(1) H1-Ru2 - H2 107(1) Rul - Si2 - (21 1194(2) Ru2-C2-Si1  99.6(2)
Si2 -Ru2 - €2 985(1)  Rul -Sil-C2 1069(1) Rul-Si2-H2 114(1) RuZ - C2-Cl  714(3)
Siz -Ru2 -H1  71(2) Rul - Sil - €3 1205(1)  Ru2 - Si2 - C1S 119.0(1)  Sit -C2-Cl  127.2(4)

{

foo 2BF 3POABEAEMAIE Ru2 MTHERINTE D Ru2-Si2 DHOEET 2.564(1) A LHREIN TS Ru-Si
BEE AR M (2.288(11) ~ 2.507(8) A) £V bRl JHIZX L. Rul-Si2 HOEAER (2.31001) A) 3% OHiBHMN
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6% u-3 ) U VRS ETRRRBHK RS DRTG

THoloo 8K 22a D n2-Si-H #EDOHMIT 1.61(4) A THH. T A REKKOHFHAFEROM (148 A%
LHESTBE 10 % BEROI LD S, —IC, XREERITER FICBE U oKEOMEL ERICHRES
LOIE U FETRIEOD, $5K 22a PT2EF 3 90l Ru-H-Si HEFHPERIN TS Z & 1H, Si
NMR £5L IR ART PN L > TRERINTE Y. BEREINE o>-Si-H HAEMERTIENTEEED
N5,

u-EZIV Y Y OVERLF D Rul-Sil DR O#H A (2.358(1) A) b#EINTHS Ru-Si BEEAHEBOBER
TH -7 C1=C2 DHDHET 1.383(6) A TH Y. F72 Ru2-C1, Ru2-C2 OB DEIZZ N ZFh 2.238(4),
2.256(4) Thoteo INOEWTNOERAAL T 1+ VOKAERE LTHRANL SO TH S, Si1-C2 BOES
(1.866(4) A) br A HK—REMOD o-HADEBEEDS L AN, |

200N T =y Ll E Cp BIRE & O AMITERCREBICE N Ru2 OF D Rut LY bHE
INE TERBEERNE SN (Rul-CP1; av. 2.27 A, Ru2-CP2; av. 2.21 A).

581 ER-u-YULVBEREIFLVEDRID

EX—p-27 2 Z v Y b 8K [CpRu(u-SiPh,)(u-H)], 3b) & 10 atm OLF L v EDRIGHFEFICE, %
OEALEETEF LV EORIGITHAREZF L (BN, 150 °C TR BERIGIEL I &L Y pu-E2 Y Lekk
22a AT 5 Z LR LT (30 % yield by 'H NMR). RNBEIRIGI 3 & 22a DA 2BEOXRAE DL
EHHERT D0 KISTHORRE (< 72 h) TIRAKDIL 22a DA TH -7c, BIETTR UK, 85K 222 O Si-

CHARMBIC L > THEGBITYIM SN, 3b 2525, - T, 8k 3b EX2F L VORIGE JHENTHLEELDS

5.
IF L& 3b DIRIGHFEFITES. ZOFHIERE R AR {ﬁoflﬂét i, PR BET S LHTER

Motel, TNETIKHONIAAE L LI 2B OBHEEEZ T (Scheme 6-10)s

Scheme 6-10 IR LTz A LF L D Csp?)-H HADBLA AU, BT A R COR TR
BEET 5 &L > T u-EZNVY VVEEEZ BB TH S, Fio. BIRTF L Vb Ru-Si #AIHEA LI 8-
IKFEREEDSREZ Y p-EZN Y Y NEEEZ L0 BDTH B,

IF L D C-H #HEDOYMIT DO TIE Omori HITL » THMICBREHINT NS, 2HBATZILT FSERNY
FEAL 1atm DLF UV EDRIGTRZF L VO C-H EAVZE TR INA I EMR oM SN, Ty
2D Y EZ)VEEHk [CpRu(u-0:1*~CH=CH,)},(n*~CH,=CH,) P CIIZEE = )VE LR F L v E O Tk
PRI >THEIELAE MIMBBHHEBRICLVERAINTEY, EoVEEL N FOBTHBEL RS IR
HIEDNRLMNTENI, JOMHEHE A DFEEXIHTLIHEOTHY ., 220LB POOBRMZEE~OMEHR

(24) (a) Wells, A. F. In Structural Inorganic Chemistry; 3rd ed.; Oxford University Press: London, England, 1962, p 696. (b) Baxter, S. G.;
Mislow, K.; Blount, I. F. Tetrahedron 1980, 36, 605. (c) Allemand, I.; Gerdil, R. Cryst. Struct. Comm. 1979, 8, 927.
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IHT I AR LB ERY A FAHOERL

(A) Oxidative Addition / Reductive Elimination
si = si > sim o Si/H\
M—M M M—H M 24/ M M
(B) Insertion into the Ru- Si/f-H Elimination
1
/\ o S\
’aM M\\\‘ o«M

Scheme 6-10 EX—u-Y UL VEEETF L/ ORICOFESNEHE

E>TIFL YD C-HEBAVUMINIEZZA DL ENPTESD,

Fho, K3 ETEFLVVEOKIETHT EF LU O C-H #HAMUKINT. Ru-Si AENDOERKWLET &
FU L OEANBR SN (Fi) ,» ARICIFL S Ru-Si EAIHALLEZZ S I EEWRTHY . A
G BB s TEZNVESEH LD EEZ NS, JOEREGREZIVED Ru-H BENDFHAT
HED, FAZLOEZVER Ru-H #EANEAT A 2 LIEEHA 1 & RE,SI(CH=CH,) DRIGTH oM LT

(A4S .

68 E=UF vk [CpRu(u-SiPhMe)],(PMe,)(=C=CH,) (23) DA

E2—p-7 2 A FIV ) U kR [CpRu(u-SiPhMe)u-H)], 3d-synjanti) & PMe; OIS TR NI u-
U L iR [Cp'Ru(u-SiPhMe)],(PMe,)(H), (20) £ 7 & F L v ORIE TR A S 744 7 VS LR L EWIEH
ShF. Ko=) FURNFEHT BEAFEFH#EA [CpRu(u-SiPhMe)] ,(PMe;)(=C=CH,) (23) {3 o417
(eq. 6-10)s RIGHRE T, LS5 T LIk - Tk 23 ZHEEL 72, TH NMR AN PV 53K
foiEA 23 OIUEIRE 80 % THo-7oe 'H, PC, PSi NMR HL T IR A7 PVIE S NI TERAHHEICE DT
A1k 23 2REL 1

S8k 23 O TH NMR A7 bVIZIE Cp' BRHRT A V7Vt 8 1.74 (s, 15H), 1.35 (d, Jyp = 1.3 Hz, 15H)
I N, — O Cp BEO VT FNIFIC P LORE VEEATBREIE NI LD, K 23 b 20 SR

H H

=/
Me Me Me C

| 1 Me P
MesP gj  g; ) ’ $ Me c
RI// I\\Ru datmof Ho=oH HC=CH SI\
4 uPh Ph _,é'\ n, 2days Ru
H H Ph \

20 23 (eq. 6-10)
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6F u-v) b itk E A ERIRAKR S DRE

K= ONT =7 L EIZDH PMe, BN 72 BT oM EEELON D, Flo. FARLEOBRED Y 7 FVIF ]
FUNBRHINLD - I ENDL 20 LR syn BKTHY . DD Ru-Ru B ELMHEEFOHETH 5.
PMe; BT O A FNVED Y 73U § 1.37 (d, Jyp = 8.0 Hz, OH) KBRS Nz, 884K 20 THY A LD AF
NVEEDOVERRFICE D Ru-P $NCBT 2 AMOESEEIN TORD, 23 TE3DDAFNED D 7 F IV
MICBRMINI I ED D, PMe, B TOE Y OVABRENER SN/ D EBZ 6N 5, Ty E NI FICRET
X5 V7PV BEIINT mEMMED IR UERAXRT AR TH 722 L0 6. $aik 20 Do 147
FOREDPES L. TEFLUBKIELEbDEZEZ NS,

”CNMRX&?FWTME;U?7%&%K%@Wﬁ?7%ﬂﬁ%3ﬂ5@FCiHﬂ9hMukﬁ=1@2H@
KEM I NI, THNMR AR PAVTREZ YT VKFIRBINS Y 7 F Vi 6 325 W8y V7 by &L
THEEN, JOHER. ES) T U —FOLT =y AXKIRTRMLLTNA I EERTHDTH S, U,
BEEY T UTH- BAE. EBPOOMTMRENHEEMTH 27D E ) FU/DAF LV VKERD YT
FIUHIEEMBRINLETTH S, oo IR AXY MUTEKIRRMLOE= Y 7 0D v(C=C) IZHE T HOK
AS 1593 em ™! ICEIE I NI,

PG NMR ARY MUWIRZAZED Y7 F L 3P &0 192 Hz DAL V#EEAR - ZEBEE LT 52131 1
BEINI, 2207 AHROY 7 FUNEMICEE SN T L0 b3 23 IHHH AFOMETHH Z LARR
SB. Ehy 82131 EVILELYT MBI 23 OF A EB20DREILDMI o-$56 T LHiE, »
FO -V L EUTRA LTS Z EPHRTE 5,

PEDZRRT VT =405, eq 6-10 IRTHIT, EXpu-2 ) L v #KROZNZNDIT =7 L LI PMe,
EEZY 7 =C=CH, DI U7 HEM L SB PO TTABEKTH D I EEM ST U, Cp ADRIAPEICH
UTHk 23 ICH 2BBDBENEZ SNA, 1Dl Cp &Y Ru,Si, TICB U T cis ORINEFOHDTHO. b
9 —FH trans DEAHEEFTHEDTH S, LinL. ULOMRENT I D SRBEEZO22RKHITAILH
TETE,

EZoNA8EE 23 OREE

EZu-2 Lok 3 E—BMLIREEDORIGTHEHEE UT cis DR AR -7 € Z—p- ) b V3K cis-17
WEONTNS (4EBR) . ~BAUREORIED 20 ERAKOEEEET 2 PHARLER UL TETTSEZEL 0N
Bo €Ty —BLIRRD KICOHHEN S8 23 b cis RTHD LZZT

IORIGOZLHENBTERT EF VLD C-H #EEPPWIh, B2V FUVREFPEKLTHAHTH 5,
PMe, FALTOMFE LIEWIGAITIE A § 5 H 4 7 VETBRT BDITH U 51K 20 ORISR A S - 1HETH D,
ZOUERFEDIDICT 2T L /id a-BfL LD b, TUAKED C-HESERAVTRIE L EEL 51D, 8K
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VRS AR & A A R ANORERA

230E=Y FURMTETEF Y FHEEERHLTE SN LD EZEZ SN LY, TEF ) FORRERIE =
YT VR OEBIZDNTH INE T SZHOMEGHH D . ZOBEITOLTHRAIN TS,

(25) Bruce, M. 1. Chem. Rev. 1991, 91, 197.
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[

FTE WE

AL T, BHOLEPLOOMRAGLAERICL 275 A E - KR 7 A% - KFREAGOIELEHNE LT 2K
LT L7 b5 E R F#K CpRu-H),RuCp' (1) EVEFBY I vBLUE/ b Fody T Y HORIGE R
Lie CHSDORISTHE 2207 = ALl R /EM UickER & UTBRIER S Si-H, Si-C #a Ok
B, - I NVB L u=-v ) VSR O NA ZERH O EE o, R, B ONICERORIGHIIOWLT
bR L. HFHDE NY FOBE. 2457 A KR F O, Si-C #EDIERE V- ke BRIRZR7.

| ETHEBSEIC L DAY A FHOERAI SO THIET 5 L L b, 2 20RO RIS T 55
BDEWAC (Bimetallic Activation) VBT 5 HEANIE Z A~ T, FEHIC, APRO B EEREZ U

2 BRI TOIE OIEAL (Bimetallic Activation) KIGDBIC 2 DO SR TONHEET 5 Z L5 CRE LEM
THIEI L TEREIND, AR TEMEEREUTAWI 2BV T AT ML R MEREBRARIZESIC
2 M DERMABRIEL 550, 7T OHHEE L THRD 2 siA%IF 515 (Scheme 7-1)s

B e

Scheme 7-1

(1)  #BE1HONDFOKEVREET S SICED 2 BORMAERE A PRPCRETEN, 220E R
R FEE LT = A E-Th 0. 2008BTOERUHI 2BEET 5, ZOBIC 2HHE
EROIENTREE LS

) KFEOBEIC L > THEURMLARRIER ., B LB LI, L bRMEOR UMIMIET 5. £OK
HIZ 2 ODEBHINC L HEE~O BRI 5L 15,

SHETHIE R0v5 VI RSH, L8 1 EORIEARE Uice ZOBE, 200727 AOMIC 2410
b A DG LT Rep- 2V JVEE IR [CpRu(u-n>-HSIR,),(u-H)H) (2) %1872 #ilk 2 DVT=T L, TARK,
KEOMT2EFISPOMEMAAIEKEINTH D I EEXBRENE, R HEZECL > THSMI UL, T,
Sk 2 ML U2 2 DOBRRIZ & - THNE 7T, 095 11| Ru,Si, I7ORELLLEHDTHY . b
H1DORAFADE KU FOBENC LS DTHSD I & VI-NMR MEICL OERTE 1,

A BCEF RS MOBREDEET A BN SRR LN SOBETOFEEIMEES N, TORERE U THE
2 O n2-Si-HHEARMB &> THW I 2, JHU Uy 74 R EOBRENTIVFINETSH - 1GR3 R
AR ISR 578 -7, 2BF 3 PIAORIGHERY 1 ZEOBRBEICL > TRECRUALD, #1520
n2-Si-H 4% 2 DOREHE A, B OLBREMKE UTER Ul a, EPRIIBEOEECL->TERY FY
YLV B OFELH U EER DT ENTE S,

¥t 70 b UBEDKIGTHE Ru-Si #EAOTMIBE I W, RIGEEAA FLVUHRTIRI I EICEDA
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ZHIVT 20 LIRS X DR A LA OTEHAL

Rz RZ
H/ Si H——/——SI\
Ru \Ru Rlu Ru
A B

FA P Z—u- ) IVEER [{Cp'Ruu-n>-HSiR)(H)} (u-H)]* (@) 2Pk E UTHRE L, 58 4b (R = Ph)
LY 7 bA oFE EORIG T Si-Ph AV NEF VT~ MCBRINAZEEWOMI Uice o, TIb3
F LTl Lok EDRISTH Ru-Si AR INIHERELTE —u->7 VEER [CpRu(u-H) ], (u—n-
H,SiR,) (5) D@ oz, ER—u-¥ VIV RORIEE Scheme 7-2 IKE LT,

"-,Si/
AN

jx“r\—/““
H "H /
5

RSit, AlyO3 / HeO
(R="Bu) RuSiH,

R R R R —I+
H—Si H H—Si H
AN RySiHa |/ \I H* |/ N\
-Ru Ru —— ~—RunniHmnRu-— _— —RumaHneRu—
A I\~ H IN_/]
H—Si H Si—H
1 R R R R
2 4
toluene
reflux Hp ?RFiC&?H
-Hy =
A R Ph, Ph
- ny Fhy
Si H—Si_ _Si H
\ \
FAW S e
U I A €
H/ \ - CgHg o " 0‘
Si
ER
B R CF;3
3

Scheme 7-2

#3ETH u-v 7 VK [CpRu@-H)](u-n%n>-H,SiR,) (5) OBME ZDRUGH I D TRE Lo p-v7
k13 2 D0 Si-H HAVENTNONT oI LE 2BEF 3P LEAEERUIEEEALTE Y. 2HY 700
Bimetallic Activation DE—BREERTHDEEZ N5, PSiNMR, R HEILL T, V7 ?@ -0 -l
DEAEEFLMICT B EL BT, 8K 5¢ R = 'Bu) E—BILKEEORIGIZLDHE SNz [CpRu(COY(u-n%n -
H,Si'Bu,) (10) O XEHEERITIC L > TZOMEEH oM U e

SR 10 EF DERWAKTH B E ) —pu- Y IVEER [Cp'Ru(CO)|,(H)(u-n>HSi'Bu,) (11) EDMIIFTFEDFEL
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(R

n>-Si-H #&D [HR/FBE ] 2 FEUSE UTBET L ENTE ., £, V5 VREDRIGTRIEAREER
VIVEE kD EETR S MU TERT S &R LTE
D, 2HSEARETD2HY 7 DRI ILEALDBRIZOWTH oM T 52 & T E,

D EX—/A—:/

7 & F L v EDRIETH n2-Si-H #

[CpRul, (-
EEHITR

YIVSEIK 2 DB oI, ZOTEREAu-v

3
I,

R,

’

H—Sl—

o=
M

R,

HSH
i
i

N
M M

=

LRBEETOYEFOVI VORI

EOHREEBIZ Ru-H#
2_HSi'Bu,)(u-0:1-CH=CH,) (12) "5 61, I HIMHAT A EILELY n2-Si-H #&
TS ) F A VERMFOER DR IN, 1k 5§ ORIGHS Scheme 7-3 ITF EH Tz,

VA% 1N
DB LA

BT EFUUBBAL p-EZV 5 g

AETH2BNTZILT FFEFY Figfk 1 &8/ E FD VS VEORIGERT U 2 DOEBHLORFAY

RBELGIZE S Si-C #a

DYIMRIC B LT,

T2 VEERET L3R YT VBEDRIETIE Si-C(Ph)

ey

P ShER—p-2 U L v 88K [CpRu(-SiR,)u-H)], 3) M oN i, Si-H#ESER BT 22V MY AFN

VISR EeCRIGLIBNT

T, Si-H 520N #

Scheme 7-3

LT Si-C

4

Lo, Si-C

HAEDYWIIER LT Si-H #4
DY I NIz EDBHODICHE 5Tz, TAFIVE NS T L5

OB LKA IO EEHIHE

{1_

H H
7 Ay
Ru/\

A

‘BupSiHy
e

W — 4

'Bu‘Bu

'Bu‘Bu

.’SI

\—/R,"}?*

‘Bu 'Bu
H—Si H
PhSiH3 AN
[——— . —RyuninnRy—
IN_/
H—Si
H Ph
2g
‘Bu'Bu
Y
A\
B — q—Ru—Ru{I
A A\ e
N
13a
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THIVT2 T LRI K A F R A RSO RAL

BELTAND I LI LD Bl T V8K [CpRuu-H)], {u-n’m?~HSiMe,(CH=CH,)} (16) /A% ZOD
SEARTE LY S UiE n’=SicH A & n2-C=C #AI L > TZNEIDEE P LI L T D Si-C &1
W DRI 2 7T D EZZ NS

A Ry R R
H/ H\/S’ T/Sf—R H sf R
v AN
o= = L = LN

2REBELTO Si-H/SI-C #E D&M

T ZNTAFINY T Y EDRIGTHE Si-C(Ph) FAOYIEIIA . Si-C(Me) #4 bEINSh, BARFBHOE
Z—u-) U v 5K [CpRu(u-H)] ,(u-SiPhMe)(u-SiMe,) Be) DG o e, e MY TNV T EDRIET
e SERHREERILE > TV v OREHR 1 4 FICIF S I Br A RE 1 DU e ) —u-> 1 b
V4 [Cp'Ru(u-H)] u-SiPhy) (15a) b Hhlc, #itk 1 L€/ b Fo T VEORIGE Scheme 7-4 KE LD
72o

BEETHEZu-V ) L k3 BLUE ) -V ) L v ik 15 OWEIC DO THES Ul IR
E‘X-y-“/ YL USERD VI-NMR BIEN 5. 45K 3 O RV FEMAETFRSTAEBETAI L 2R oM Ui,

I L. B5A 15 IS0 L5 HEINEROEARR SN - 7. PSiNMR BIED 5 IZHEDRET A RO
ETHEREOZENEROMIT LI ENT Ik, Th. KELEOKISIKE U THEFIC RN RIGHOZ2ENE
mANS, JhitE FY FRETFOBBNS Y ) L U HRORISIHCEEE B 5 LR T O EEL 6N 5.

Ph Ph Ph Ph ph Me ph Me
—(%l """ ﬁl —({I—Ru—ﬁu _<%I _<l:| Aﬁl

NH/ \// @ gi

ph ph Ph Me Me Ph

3b
‘thsm thMeSV 3d-syn 3d-anti

MezHS! = PhMe,SiH
Me Me Ph Me
PhSiMes

Sl
7N
,Rt{\/ﬂu No Reactl {I—RU\H_Ru
V4
HVH o Reaction \/
Si
16 I\
Me Me
3e

Scheme 7-4
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T8 B

EZpu-7 2 ZIVAFIDY L R 3d & M) AFIVERT 4 v EDRIED H1F [Cp'Ru(u~SiPhMe)],(H),(PMe;)
20) DT ST, $E0K 20 OREER XIRAITEIL L VFER T 5 & & bIT, BISY A ROUKMLFEOREIIOLTY
F DA ST Utze Fhoy K20 38 2—u-2 Y LUK IOE P FABENT 5 &4 »TAEUT cis-
ER—u- ) LY $RIARE PMe, (LK > THRE LB DERAT I EDTE 5,

{1_

R

N4

Si

/N

\

", //\\~R
Ru_ “Ru- -— Ru Ru o —
H - AN
NV WSF T
3\
R R cis-Silylene

R R

\

rR—Si_ Si

SOBOF
F5°

X
&

o

IO cis-2 ) by BRI 3 ORIGEEZ B ETEETSHY . H,, CO, HC=CH, H,C=CH, & DX bRtk
P EAEBH LTETTSb0EE L 0N 5,

Fo, AMEA S VEDORIETH I 10 » T Ru-Si #AMYM N, V3 — Fopu-2 U L V8K [Cp'Ru(u-
D], (u-SiR,) (24) BT 5 Z AR o Uiz, ER—p-2 ) b2 5K 3 ORIGE Scheme 7-5 IL& L9 70

R .
IR

R‘Si' \

ol >

1 mn R
Ru Ru
—
S~ -
Rz

21 22

HC=CH

20 R R 2
3
co Mel
R R
=/
R Si
SR /\ _2
R|u_\—'—.5i:R[u -{—Ru /Ru
¢ fyc SN
(o] RO
17 24

Scheme 7-5
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ZHVT o AT L AE Y 1 RCSHOTERA

HOETHEAu-V Y VK3 ETEF LY, TF LU EORIEEBI Ui, TEF L EORIETIREHE 3
O Ru-Si AT EFVUMEAL, 25-V VIV 7+ Y7 o7 2aK [CpRu(u-H)] ,(u-SiR ,CH=CHSIR ;)
QL NESND I EEBF M Uice oy MRRLERFIZBNERu-2 Y LV #{K 3d-syn/ant, 3t EOREH 5
kA FEOSRMLENRET S J E AR Uiz, #1A 21a (R = Ph) OBMRERKIGE L I —BILKHK EORIED 6 4
5 5% A4 7DD Si-C HEADYMDHERT &0, FRTKREREIEH I EITLD—HD Si-C #HEDAY
YISt hRIRE T B Z LT E o, K 21a LARORRTORIETI p-EZVy IV u-v U IVEE
[Cp'Rul, {¢-SiPh,(CH=CH,)} (u-1>~HSiPh,)(u-H)(H) (22a) 3 5Tz, ik 222 ZMET 5 I CI0L D Si-
Crvinyl) HAREIS N, TF L& UTRIET S 2 EAMRTE . $io. 85 22 WK 3 LT LV EOR
ETHHBOoNA I EEM ODITLTZ (Scheme 7-6)s

R R R
" RoSi N R_éi}‘? N
A‘\ HC=CH H //SiRz\ l ‘ R,—//-Si_>
J-Ru_ “Ru-L]. /= Ru Ru _— JRuT—Ru
\H/ N Ny N k s
si
RS‘R 21
3
. H
\jm 2
H
Ry /\/H
Si D
| " H
J_RumsHeoRYU——
I /|
H Si—H
Ry
22

Scheme 7-6

SEIK 3 DIEUBEERZ SN D cis-E A-pu- V) U DK% PMe, THRLUAERZT I ENTE B850K 20 &
TEFUVEDRIGTIE 21 OBAEA Y FHA 7 VOAEBRIBEINT £ 7 V#1K [Cp'Ru],(PMe;)(=C=CH,)
(23) iFohT,

FPRAALT. 2HLFoy A7 b SE KU PRI L0 5  BORISTR Si-H/Si-H 5 X0 SicH/Si—C #
ADORBHLEBILKAMIRZZ I EEHOMNI U, 200EBPLPBREINCIERTS I LICX k2 LGET
Si-C#ENWM AN Z ERBET XD, OIS ITEZER THRONLL 2HRISCH I RIS &
EADIENTED, $h. B LTON A EORISHERE LTI (1) Si-H KA ORI/ £ B FRAFE
DBTHIBEE (2) Si-C HAOBAMAN 3) 7oA VI L5 Ru-Si, Si-Ph A DY (4) FEFIRALKEDOMHA
JBEA BT 5 LT, BT (4) RE RO VY MLRISOMME RIS L CESRRRTH Y. L08R
& UTERBINTWE Silylmetalation BAEDTFEEAB XFTHHDTH B,
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Experimental Section.

General Procedures. All experiments were carried out
under an argon atmosphere. All compounds were treated
with Schlenk technique. Reagent—grade toluene, tetra—
hydrofuran and diethyl ether were dried over sodium~—
benzophenone ketyl and stored under argon atmosphere.
Pentane and dichloromethane was dried over diphospho-
rouspentaoxide and stored under argon atmosphere.
Methanol was dried over magnesium methoxide and stored
under argon atmosphere. Benzene—d ¢, Tetrahydrofuran—d g,
dichloromethane-d,, and toluene—dg were used as received.
Chloroform—d was degassed under argon atmosphere before
use. Phenylsilane, diethylsilane, diphenylsilane, triphenyl-
silane, diphenylmethylsilane, and phenyldimethylsilane were
used as received. Di—ferr—butylsilane, phenylmethylsilane,
and dimethylvinylsilane were synthesized by the reduction
of appropriate chlorosilanes by LiAlH, in diethyl ether or
diglyme. Di-p-tolysilane was synthesized by the reduction
of dichloro(di-p—tolyl)silane which was prepared from p—
bromotoluene and tetrachlorosilane in the usual way.
Diphenylsilane—d , and di—terr—butylsilane~d, were synthe—
sized by the reduction of dichlorophenylsilane and di-ters-
butyldichlorosilane by LiAID, in diethyl ether, respectively.
Acetylene gas was dried over H,SO, and NaOH column
before use. Other reagents employed in this research were
used as received. IR spectra were recorded on a Jasco
FT/IR-5000 spectrophotometer. 'H and *C NMR spectra
were recorded on JEOL-GX-500, JEQOL-GSX-500,JEOL~
EX-270, and Varian GEMINI-3000 Fourier transform
spectrometer with tetramethylsilane as a internal-standard.
298] NMR spectra were recorded on a JEOL-EX-270 and
JEOL-GSX~500 with tetramethylsilane as an external-
standard. *'P NMR spectra were recorded on a JEOL-EX-
270 with 85 % of H;PO, as an external-standard. Variable
temperature NMR studies were performed on JEOL-GX~
500, JEOL GSX-500, and JEOL EX-270. Field~desorp—
tion mass spectra were recorded on Hitachi GC-MS M80
high resolution mass spectrometer. Elemental analyses
were performed by Analytical Facility at the Research
Laboratory of Resource Utilization, Tokyo Institute of
Technology. Dinuclear ruthenium tetrahydride complex
(CsMeg)Ru(u-H),Ru(CsMeg) (1) and its isotopomer
(CsMeg)Ru(u-D) Ru(CsMeg) (1-d ) were prepared accord-
ing to previously published method.!
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Chapter 2.

[(CsMeg)Ru(u~n2-HSiEt,) ], (u-H)(H) (2a). A 50 mL
Schlenk tube was charged with toluene (10 mL) and Cp'-
Ru(u-H),RuCp' (1) (0.103 g, 0.216 mmol). The flask was
cooled at —78 “C with dryice/methanol bath. After 2.5
equiv of diethylsilane (70 gL, 0.54 mmol) was added with
vigorous stirring, the solution was slowly warmed up to
room temperature. The color of solution was changed to
pale orange from brownish red. The reaction mixture was
stirred for 5 h at 25 “C. The solvent and excess silanes
were then removed under reduced pressure. The orange
residual solid was dissolved in 2 mL. of toluene, and the
product was purified by the use of column chromatography
on neutral alumina (Merck Art. 1097) with hexane/toluene.
Removal of the solvent under reduced pressure afforded
0.126 g of 2a as orange solid (91 % yield). 'H NMR (500
MHz, 23 °C, toluene~dg): 6 —13.90 (br, 4H, RuH), 0.9 -
1.3 (m, 20H, Et), 1.92 (s, 30H, Cp"). (-80 "C): 6 -15.54
(s, 1H, RuHRu or RuH), -13.54 (s, 2H, RufiSi), -12.81 (s,
1H, RuHRu or Ruf), 1.3 - 0.7 (m, 20H, Et), 1.66 (s, 15H,
CpY), 2.03 (s, 15H, Cp'). *C NMR (68 MHz, 23 "C, ben-
zene—dy): 8 104 (q, Joy = 121.8 Hz, CH,), 11.5 (q, Joy =
125.6 Hz, CH,), 12.6 (q, Jo = 126.3 Hz, CiMe;), 153 (1,
Joy = 1200 Hz, CH,), 16.4 (t, Joyy = 126.3 Hz, CHy), 93.1
(s, CsMes). Si{*H} NMR (54 MHz, 23 *C, benzene—d y):
3 111.7. IR (KBr, cm™): 2946, 2898, 2868, 2066 v(Ru-
H), 1720 br v(Ru-H-5i), 1478, 1457, 1376, 1031, 1002,
962, 714, 609. FD-MASS m/z = 650; The field—desorption
mass spectrum was recorded, and intensities of obtained
isotopic peak for CygHs,Ru,Si, agreed with the calculated
values within the experimental error. Anal. Calcd for
CyeHe Ru,Siy: C, 51.81; H, 8.39. Found: C, 51.18; H, 8.63.

[(CsMeg) Ru(u-n2~HSiPhy)],(u~H)(H) (2b). A 100 mL
Schlenk tube was charged with toluene (25 mL) and
Cp'Ru(u-H),RuCp' (1) (0.736 g, 1.54 mmol). After 2.5
equiv of diphenylsilane (730 zL, 3.85 mmol) was added at
~78 ° C with vigorous stirring, the solution was slowly
warmed up to room temperature. The color of solution was
changed to pale orange from brownish red. The reaction
mixture was stirred for 5 h at 25 *C. The solvent was then
removed under reduced pressure, and the residue was
washed two times with 5 mL of hexane to remove the
excess silane. Orange solid of 2b was collected on a glass
frit by filtration. 0.978 g (76 % yield). 'H NMR (500
MHz, 23 °C, toluene-dy): 6 ~12.96 (br, 4H, RuH), 1.78 (s,
30H, CpY), 7.5 - 6.9 (br, 20H, Ph). (-80 "C): 6 -14.50 (s,
1H, RuHRu or RuH), -12.75 (s, 2H, RufSi), -11.54 (s,
1H, RuHRu or RuH), 1.46 (s, 15H, Cp'), 1.94 (s, 15H, Cp'),
7.5 - 6.9 (m, 20H, Ph). 3C NMR (126 MHz, 23 °C,
THF-dg): § 12.3 (q, Joy = 127.2 Hz, CsMe;), 94.8 (s,
CsMes), 126.9 (d, Joy = 159.9 Hz, Ph), 127.0 (4, Sy =
159.0 Hz, Ph), 128.3 (d, Jo = 161.8 Hz, Ph), 135.6 (d, Joy
= 156.3, Ph), 137.1 (d, Jo = 156.3 Hz, Ph), 144.9 (s, Ph-
ipso), 146.9 (s, Ph-ipso). 2Si{'H} NMR (54 MHz, 23 "C,
benzene-dy): 4 95.1. IR (KBr, cm™): 3050, 2980, 2906,
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2084 v(Ru-H),1947, 1886, 1770 br v(Ru-H-Si), 1649,
1427, 1378, 1186, 1093, 1027, 738, 697, 510. FD-MASS
m/z = 842; The field—desorption mass spectrum was
recorded, and intensities of the obtained isotopic peak for
C4Hs,Ru,Si, agreed with the calculated values within the
experimental error. Anal. Caled for Cy Hg,Si;Ruy: C,
62.82; H, 6.47 Found: C, 62.51; H, 6.47.

[(CsMes)Ru{p,—nZ—HSi(p-Tol)z}]z(p,—H)(H) (2c). A 100
mL Schlenk tube was charged with toluene (30 mL) and
Cp'Ru(u—H),RuCp' (1) (0.639 g, 1.34 mmol). After 2.4
equiv of di—p—tolylsilane (0.69 mL, 3.21 mmol) was added
at =78 *C with vigorous stirring, the solution was slowly
warmed up to room temperature. The color of solution was
changed to pale orange from brwonish red. The reaction
mixture was stirred for 5 h at 25 “C. The solvent was then
removed under reduced pressure, and the residue was
washed two times with S mL of methanol to remove the
cxcess silane. The orange residual solid was dissolved in 2
mL of diethylether, and the product was purified by the use
of column chromatography on neutral alumina (Merck Art.
1097) with toluene. Removal of the solvent under reduced
pressure afforded 1.151 g of 2¢ as orange solid (95 %
yield). 'H NMR (500 MHz, 23 °C, toluene—dg): § -12.89
(b1, 4H, Ruf), 1.85 (s, 30H, Cp'), 2.17 (br, 6H, MePh), 7.5
~ 6.7 (br, 16H, MePh). (-80 °C): § -14.37 (s, 1H, RuHRu
or RuH), -12.74 (s, 2H, RuHSi), -11.45 (s, 1H, RuHRu or
Rufl), 1.55 (s, 15H, Cp"), 2.03 (s, 15H, Cp"), 2.11 (s, 3H,
MePh-axial), 2.20 (s, 3H, MePh-equatorial), 7.7 — 6.8 (m,
16H, MePh). 2°Si{'H} NMR (54 MHz, 23 °C, benzene-
dg): 0 94.5. IR (KBr, cm™): 3066, 2978, 2906, 2092
v(Ru~-H), 1760 br v(Ru-H-Si), 1597, 1493, 1456, 1263,
1187, 1089, 1027, 803, 615, 497.

[(CsMes)Ru(p,—nZ—HSiPhMez)]z(u—H)(H) (2d-syn). A
50mL Schienk tube was charged with toluene (10 mL) and
Cp'Ru(u—H),RuCp' (1) (0.175 g, 0.368 mmol). After 2.5
equiv of phenylmethylsilane (130 4L, 0.94 mmol) was
added with vigorous stirring at —78 *C, the solution was
slowly warmed up to room temperature. The reaction
mixture was stirred for 5 h at 25 °C. The color of solution
was changed to pale orange from brwonish red. The
solvent and remaining silanes were then evaporated under
reduced pressure, which afforded a 1 : 1 mixture of syn/anti
isomers of 2d quantitatively (100%). The product was
extracted with seven portions of 5 mL of pentane and the
combined extract was evaporated. The yellow residual
solid was then dissolved in 5 mL of toluene and purified by
the use of column chromatography on neutral silica gel
{Merck Art. 7734) and alumina (Merck Art. 1097) with
hexane. Removal of the solvent under reduced pressure
afforded 0.108 g of 2Zd—syn as yellow solid (41% yield).
'H NMR (500 MHz, 26 ° C, THF-dg): 6 —13.29 (br, 4H,
RuH), 0.66 (s, 6H, Me), 2.04 (s, 30H, Cp"), 7.3 - 6.9 (m,
10H, Ph). (~80 "C): 6 -15.17 (s, 1H, RuHRu or Ru#),
~-12.89 (s, 2H, RuHSi), -12.15 (s, 1H, RuHRu or Ruf),
0.66 (s, 6H, Me), 2.00 (s, 15H, Cp"), 2.04 (s, 15H, Cp’), 7.0
- 7.3 (m, 10H, Ph). BC NMR (126 MHz, 27" C, THF-dy):
0 11.1 (q, Jey = 120.2 Hz, CH,), 13.7 (q, Joy = 126.3 Hz,

176

CsMes), 95.6 (s, CsMes), 128.5 (d, Joy = 150.7 Hz, Ph),
128.5 (d, Joy = 163.1 Hz, Ph), 135.8 (d, Joy = 1574 Hz,
Ph), 151.2 (s, Ph-ipso). *°Si NMR (54 MHz, 23 °C,
benzene-d z, INEPT): 8 101.9. IR (KBr, cm™): 3068, 2956,
2908, 2064 v(Ru-H),1944, 1882, 1814, 1748 br v(Ru-H-
Si), 1425, 1377, 1230, 1094, 1029, 787, 733, 698, 673.
FD-MASS m/z = 718; The field—desorption mass spectrum
was recorded, and intensities of the obtained isotopic peak
for C;,HggRu,Si, agreed with the calculated values within
the experimental error. Anal. Calcd for C;,HgpRu,Si,: C,
56.95; H, 7.03. Found: C, 57.53; H, 6.91.

[(CSMes)Ru(/,L—nZ-HSiPhMez)]z(,u-H)(H) (2d-anti). A
50mL Schienk tube was charged with toluene (10 mL) and
Cp'Ru(u—~H),RuCp' (1) (0.175 g, 0.368 mmol). The flask
was cooled at =78 “C with dryice/methanol bath. After 2.5
equiv of phenylmethylsilane (0.13 mL, 0.94 mmol) was
added with vigorous stirring, the solution was slowly
warmed up to room temperature. The reaction mixture was
stirred for 5 h at 25 °C. The color of solution was changed
to pale orange from brownish red. The solvent and
remaining silanes were then evaporated under reduced
pressure, which afforded a 1 : 1 mixture of syn/anti isomers
of 2d guantitatively (100%). The yellow residual solid was
washed by 5 mL of pentane seven times. Decantation and
removal of the solvent under reduced pressure afforded
0.077 g of 2d~anti as a yellow solid (29% yield). H
NMR (500 MHz, 23 °C, THF~dg): 6 —13.45 (br, 4H, RuH),
0.32 (br, 3H, Me~axial), 0.67 (br, 3H, Me—equatorial), 1.89
(s, 30H, Cp'), 7.1 - 7.7 (m, 10H, Ph). (-80 "C): § -14.98
(br, 1H, RuH), -13.45 (br, 1H, RuH), -13.07 (br, 1H,
Ruf), -12.42 (br, 1H, Ru#), 0.34 (s, 3H, Me), 0.66 (s, 3H,
Me), 1.84 (br, 15H, Cp'), 1.93(br, 15H, Cp'), 7.1 - 7.7 (m,
10H, Ph). *C{!H} NMR (126 MHz, -50 "C, THF-dy): 6
8.3 (CH;) 10.5 (CHy), 12.4 (CsMes), 94.2 (CsMeq), 127.2
(Ph), 127.7 (Ph), 134.8 (Ph)}, 136.2 (Ph-ipso). IR (KBr,
em™b): 3062, 2978, 2910, 2094 v(Ru-H),1965, 1837, 1823,
1739 br v(Ru-H-Si), 1427, 1379, 1228, 1091, 1029, 785,
735, 698, 673. FD-MASS m/z = 718; The field—desorption
mass spectrum was recorded, and intensities of the obtained
isotopic peak for CyHgoRu,Si2 agreed with the calculated
values within the experimental error. Anal. Calced for
Cy,HgoRu,Siy: C, 56.95; H, 7.03. Found: C, 57.53; H, 6.91.

[(C;MegRul,(u-n>~HSiEt,) (u=n2-HSiPh,) (u-H) (H) (2¢).
A 100mL Schlenk tube was charged with toluene (20 mL)
and Cp'Ru(u-H),RuCp' (1) (0.393 g, 0.82 mmol). Afteral
: 1 mixture of 1.25 equiv of diethylsilane (130 xL, 1.01
mmol) and diphenylsilane (0.19 mL, 1.02 mmol) was added
with vigorous stirring at —78 °C, the solution was slowly
warmed up to room temperature. The reaction mixture was
stirred overnight at 25 °C. The solvent and excess silanes
were then removed under reduced pressure, and the orange
residue was dissolved in 4 mL of toluene, which included
small amount of diphenylsilane and three products 2a, 2b,
and 2Ze intheratioof1:1.3:2.5. Complex Ze was
isolated from the mixture by the use of column chromato-
graphy on neutral alumina (Merck Art. 1097) with hexane /
toluene. Collection of the second band and removal of the



solvent under reduced pressure afforded 0.241 g of orange
solid (39% yield). “H NMR (500 MHz, 23 *C, THF-d): &
-13.62 (br, 4H, RuH), 0.3 - 1.0 (m, 10H, Et), 1.92 (s, 30H,
Cp", 7.0 = 7.5 (m, 10H, Ph). (80 "C): 6 -15.13 (br, 1H,
RuH), -14.06 (br, 1H, RuH ), -12.96 (br, 1H, RuH),
~12.48 (br, 1H, RuH) 0.5 - 1.0 (m, 10H, Et), 1.76 (br,
15H, Cp'), 2.04 (br, 15H, Cp'), 7.0 — 7.5 (m, 10H, Ph).
BC{*H} NMR (126 MHz, 23 °C, THF-dy): 8 10.3 (CH,),
11.2 (CH,), 12.5 (CsMey), 14.9 (CH,), 15.7 (CH,), 94.4
(CsMeg), 126.9 (Ph), 127.4 (Ph), 128.1 (Ph), 135.9 (Ph),
137.5 (Ph), 144.8 (PH-ipso), 149.3 (Ph~ipso). ¥Si{'H}
NMR (54 MHz, 23 °C, benzene—d,): 6 97.8 (SiPhy), 111.7
(SiEty). IR (KBr, em™): 3062, 2982, 2958, 2902, 2061
v(Ru-H), 1746 br v(Ru-H-S8i), 1427, 1379, 1094, 1029,
996, 737, 696. FD-MASS m/z = 746; The field—-desorption
mass spectrum was recorded, and intensities of the obtained
isotopic peak for C;gHg,Ru,Si, agreed with the calculated
values within the experimental error. Anal. Calcd for
CyHs,Ru,Si,: C, 58.03; H, 7.30. Found: C, 57.62; H, 7.11.

[(CsMeg) Ru(u~-12-DSiPhy)l,u-D)D) (2b-d,). A 50mL
Schlenk tube was charged with toluene (10 mL) and
Cp'Ru(u-D),Cp' (1-d,) (0.109 mg, 0.23 mmol). After 2.5
equiv of diphenylsilane—-d, (0.11 mL, 0.59 mmol) was
added with vigorous stirring at —78 *C, the solution was
slowly warmed up to room temperature. The reaction
mixture was stirred for 5 h at 25" C. After the soluvent was
removed under reduced pressure, the residue was washed
two times with 5 mL of 3: 2 of hexane/methanol mix
solvent to extract excess silane. Orange solid of 2b-d,, was
collected on a glass frit by filtration. 0.166 g (85% yield).
'H NMR (300 MHz, 23 ‘C, benzene—d): 6§ 1.78 (s, 30H,
Cp"), 7.5 - 7.0 (br, 20H, Ph). IR (KBr, cm™): 3050, 2982,
2906, 1953, 1889, 1829, 1809, 1585, 1565, 1481, 1453,
1428, 1377, 1185, 1093, 1025, 503.

Reaction of Cp'Ru(u-H) RuCp' (1) and Ph,SiD,. Tol-
uene (10 mL) and Cp'Ru(u-H),RuCp’ (1) (99.6 ug, 0.21
mmol) were charged in a reaction flask. The flask was
cooled at =78 * C with dryice/methanol bath. After 3.0
equiv of D,SiPh, (0.12 mL, 0.63 mmol) was added with
vigorous stirring, the solution was slowly warmed up to
room temperature. The reaction mixture was stirred for 5 h
at 25 "C. After the solvent was removed under reduced
pressure, the residue was dissolved in 7 mL of pentane.
Crystallization from pentane at -20 ~C gave analytically
pure complex as an orange crystal (70.3mg, 40 % yield).
'H NMR (300 MHz, 23 ° C, benzene—d ): § ~12.94 (br, 3H,
Ruf)), 1.79 (s, 30H, Cp"), 7.6 ~ 7.0 (br, 20H, Ph). (500

MHz, -80 ° C, toluene-dg): § ~14.52 (s, 0.8H, RuH or -

RufHRu), ~12.71 (s, 1.5H, RuHSi), -11.52 (s, 0.8H, RuH or
RuHRu), 1.46 (s, 15H, Cp"), 1.94 (s, 15H, Cp"), 7.8 - 6.9
(br, 20H, Ph). 2H NMR (76.7 MHz, 23 °C, toluene-ds,
CD,CDs = 8 2.09): 6 ~12.87 (s, RuD).

Reaction of Cp'Ru{u~D),RuCp’' (1-d,) and Ph,SiH,.
Toluene (5 mL) and Cp'Ru(u~D),RuCp' (1-d,) (50.8 ug,
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0.11 mmol) were charged in a reaction flask. The flask
was cooled at 78 “C with dryice/methanol bath. After 4.8
equiv of diphenylsilane (0.10 mL, 0.54 mmol) was added
with vigorous stirring, the solution was slowly warmed up
to room temperature. The reaction mixture was stirred for
5hat 25 °C. After the solvent was removed under reduced
pressure, the residue was dissolved in 5§ mL of pentane.
Crystallization from pentane at —20 °C gave analytically
pure complex as an orange crystal (28.5 mg, 30 % yield).
'H NMR (300 MHz, 23 °C, benzene~d): 6 ~12.94 (br, 1H,
Ruf), 1.78 (s, 30H, Cp"), 7.6 - 7.0 (br, 20H, Ph).

[(CsMeg)Ru(u—-SiPh,) (u-H)], (3b). A 50 mL Schlenk tube
cquipped with a reflux condenser was charged with toluene
(10 mL) and [Cp'Ru(u-n*-HSiPh,)],(u-H)(H) (2b) (0.111
g, 0.13 mmotl). This solution was heated under reflux for 4
h. The color of solution was turned to dark red from pale
orange. Removal of the solvent under reduced pressure
followed by the washing with 5 mL of hexane afforded
0.109 g of 3b as red solid (100% yield). ‘H NMR (270
MHz, 23 °C, toluene—dg): 4 —19.69 (s, 2H, Ruf), 1.40 (s,
30H, Cp'), 7.9 - 7.2 (m, 20H, Ph). *C NMR (68 MHz, 23
°C, benzene—dg): 6 10.8 (g, Joy = 127.0 Hz, CMes), 90.9
(s, CsMeg), 127.3 (d, Joyy = 157.8 Hz, Ph), 137.6 (d, J oy =
156.8 Hz, Ph), 145.9 (s, Ph-ipso). #’Si NMR (54 MHz, 60
°C, benzene-d,): 6 109.8 IR (KBr, cm™): 3060, 2984,
2910, 1580, 1480, 1429, 1379, 1091, 1031, 732, 699, 512.
FD-MASS m/z = 840; The field—desorption mass spectrum
was recorded, and intensities of the obtained isotopic peaks
for C,,Hs,Ru,Si, agreed with the calculated values within
the experimental error. Anal. Caled for C,;Hq,Ru,8i,: C,
62.98; H, 6.24. Found: C, 62.90; H, 6.25.

[(CsMegyRu{u~-Si(p~Tol),} (u-H)]1, (3¢). A100mL
Schlenk tube equipped with a reflux condenser was charged
with toluene (10 mL) and [Cp'Ru{u~n>~HSi(p-Tol),}1,(u—
H)(H) (2¢) (0.130 g, 0.15 mmol). This solution was heated
under reflux for 4 h. The color of solution was changed to
dark red from pale orange. Removal of the solvent under
reduced pressure afforded 0.128 g of 3¢ as red solid
(100% vyield). H NMR (300 MHz, 23 "C, benzene-d): 4
-19.74 (s, 2H, Ru#), 1.46 (s, 30H, Cp'), 2.25 (s, 12H,
MePh), 7.9 - 7.0 (m, 16H, McPh).

[(CsMe;)Ru(u~SiPhMe)(u~H)] , (3d=syn/anti). A 100 mL
Schlenk tube equipped with a reflux condenser was charged
with toluene (30 mL) and a mixture of two stereo isomers
of [Cp'Rufu~n?-HSiPhMe)],(u~H)H) (2d-syn/anti) (1.330
g, 1.86 mmol). This solution was heated under reflux for
10 h. The color of solution was changed to dark red from
pale orange. The solvent was then evaporated under
reduced pressure. The residual brown solid was dissolved
in 15 mL of toluene, and the product was purified by the
use of column chromatography on neutral alumina (Merck
Art. 1097) with hexane/toluene. Removal of the solvent in
vacuo afforded 0.919 g of a mixture of two stereo isomers
of 3d-syn/anti (73 % yield). The syn and anti ratio was
estimated atca. 6 : 7 by means of 'H NMR (23 °C).
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Because 3d-syn and 3d-anti could not be separated from
cach other, all of spectral data was measured upon the
mixture. 'H NMR (500 MHz, 23 °C, toluene—dg): 3d-syn;
§ —20.20 (br, 2H, RuA), 1.315 (s, 611, SiMe), 1.55 (s, 30H,
Cp"). 3d-anti; ¢ -20.29 (s, 2H, RuH), 1.324 (s, 64, SiMe),
1.54 (s, 30H, Cp'), the resonances for phenyl groups of both
isomers were obscured by the strong signals of CD;C¢Ds.
(=50 °C): 3d-syn; 6 ~20.73 (d, Jyyy = 5.8 Hz, 111, RuH),
~19.50 (d, Jyuy = 5.8 Hz, 1H, RuH), 1.39 (s, 6H, SiMe),
1.57 (s, 30H). 3d-anti; 6 ~20.17 (s, gy = 19 Hz, 2H,
RuH), 1.39 (s, 6H, SiMe). PC{'H} NMR (125 Mlz, 23
°C, benzene—dg): 6 5.7 (SiMe), 5.8 (SiMe), 11.49 (CsMes),
11.55 (CsMes), 90.06 (CsMes), 90.10 (CsMeg), 126.9 (Ph),
127.33 (Ph), 127.38 (Ph), 136.9 (Ph), 149.2 (Ph~ipso),
149.8 (Ph-ipso). Assignment of these 1°C resonances to
syn or anti was omitted, and some of signals for phenyl
carbon could not be observed. #$i NMR (54 MHz, 23 °C,
benzene—d,): 8 108.2, 107.7 (syn or anti). IR (KBr, em™b:
3062, 2962, 2896, 1481, 1427, 1263, 1121, 1091, 1070,
780, 748, 698, 465. FD-MASS m/z = 716; The field-
desorption mass spectrum was recorded, and intensities of
the obtained isotopic peaks for Cq,H,eSi;,Ru, agreed with
the calculated values within the experimental error.

Reaction of [Cp'Ru(p—n2—HSiEt2)]2(p,—H)(H) (2a) with
trifluoromethanesulfic acid. A 50 mL Schlenk tube was
charged with tetrahydrofuran (15 mL) and [Cp‘Ru(It—nz—
HSiE,)],(u-H)(H) (2a) (0.176 g, 0.27 mmol). The flask
was cooled at =78 ° C with dryice/methanol bath, and 3.7
equiv of CF;COOH (62.9 pL, 0.82 mmol) was then added
with vigorous stirring. The solution was then slowly
warmed up to room temperature, and stirred for 15 h at 25
°C. The color of solution was turned from orange to
brownish red. After the solvent was removed under
reduced pressure, bis(u—carboxylate) complex [Cp'Ru(u—
H)(u~OCOCF,)], (7) was obtained in 73 % vield (deter—
mined by 'H NMR). Characterization was performed by
comparing with authentic synthesized in alternate way.?
'H NMR (300 MHz, 23 *C, benzene—d): 0 ~4.47 (s, 2H,
RuH), 1.53 (s, 30H, Cp').

Reaction of [Cp'Ru(y—nz—-HSiEt2)]2(p—H)(H) (2a) with
sulfuric acid. A 50 mL Schlenk tube was charged with
diethylether (10 mL) and [Cp'Ru(u~n2~HSIEt,) |, (1-H)(H)
(2a) (0.100 g, 0.15 mmol). The flask was cooled at ~78 °C
with dryice/methanol bath, and 4.0 equiv 0f 0.2 M of
H,S0,/E,0 (3.02 mL, 0.62 mmol) was then added with
vigorous stirting. The solution was then slowly warmed up
to room temperature, and stirred for 1 h at 25 °C. The
color of solution was turned from orange to dark purple,
and black solid precipitated in the reaction vessel. After
the product was washed with 5 mL of diethylether five
times, 0.083 g of [{Cp'Ru(u~H),}5]"[1/280,]™ (6) was
obtained as black solid (100 % yield; 0.103 mmol).
Characterization was performed by comparing with
authentic synthesized in alternate way.® *H NMR (300
MHz, 23 °C, methanol-d ): 6 =11.12 (s, 6H, Ru#), 2.03 (s,
45H, Cp").
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Reaction of [Cp'Ru(u-n2-HSiPh,)],(u-H)(H) (2b) with
sulfuric acid. A 50 mL Schlenk tube was charged with
diethylether (10 mL) and [Cp'Ru(u—n>-HSiPh,)],(u-H)(H)
(2b) (0.115 g, 0.14 mmol). The flask was cooled at -78 ‘C
with dryice/methanol bath, and 1.0 equiv 0f 0.2 M of
H,S0, / Et,0 (0.70 mL, 0.14 mmol) was then added with
vigorous stirring. The solution was then slowly warmed up
to room temperature, and stirred for 1 h at 25 “C. The
color of solution was turned from orange to dark brown,
and white solid precipitated in the reaction vessel. After
the product was washed with 5 mL of diethylether five
times, 0.029 g of [Cp'Ru(n®-CgHe)1*[1/280,] (8) was
obtained as white solid (59 % yield; 0.080 mmol). Chara-
cterization was performed by comparing with authentic
synthesized in alternate way.? 'H NMR (300 MHz, 23 °C,
methanol-d,): 6 2.03 (s, 15H, Cp'), 5.85 (s, 6H, C.Hy).

[(CsMegRuu-n Z_HSiEt,) (H)],(-H)*[BPh ]~ (4a-BPh,).
A 50 mL Schlenk tube was charged with dichloromethane
(5 mL) and [Cp'Ru(u-n*~HSIEt)],(u-H)(H) (2a) (37.0 mg,
0.057 mmol). The flask was cooled at =78 *C with dry-
ice/methanol bath. After 1.1 equiv of CF;SO;H (4.1 4L,
0.063 mmol) was added with vigorous stirring, the color of
solution was quickly turned from orange to bright yellow.
The solution was then slowly warmed up to room tem-—
perature. After the reaction mixture was stirred for 5 min
at 25 °C, large excess amounts of NaBPh, was added. The
suspension was stirred for 3 h at room temperature in order
to anion exchange from CF,SO;” to BPh,”. The product
was extracted with three portions of 10 mL of dichloro-
methane and the combined extract was passed through
Celite on glass filter. After the solvent was removed under
reduced pressure, the residual solid was washed five times
with 5 mL of pentane. Removal of pentane in vacuo
afforded 0.046 g of 4a—-BPh, as yellow solid (0.048 mmol,
83 % yield). "H NMR (500 MHz, 23 °C, dichlorome—
thane—d,): 6 ~13.45 (s, SH, Jg = 18 Hz, RuH), 0.79 (m,
8H, —~CH,CH,), 0.99 (m, 12H, ~CH,CHj3), 2.05 (s, 30H,
Cp'), 7.4 = 6.8 (m, 201, BPh,). (-100 "C): 6 ~13.61 (br,
4H, RuH), -13.36 (br, 1H, RuHRu), 0.64 (m, 8H, -
CH,CH,), 0.86 (m, 12H, ~CH,CHj;), 1.97 (s, 30H, Cp), 7.3
- 6.8 (m, 201, BPh,). *C NMR (125 MHz, 23 "C, di-
chloromethane—d,): 6 9.3 (q, Joy; = 126.0 Hz, -CH,CH,),
11.2 (@, Joqp = 125.5 Hz, -CH,CHy), 12.5 (@, Jey = 1277
Hz, CsMe;), 15.3 (t, J oy = 1185 Hz, -CH,CH,), 16.2 (8,
Jog = 118.9 Hz, ~CH,CH;), 100.9 (s, CsMey), 122.2 (d,
Jey = 156.9 Hz, Ph), 126.1 (d, Joy; = 153.6 Bz, Ph), 136.5
(d, J o = 152.6 Hz, Ph), 164.6 (q, Jop = 48.7 Hz, Ph~ipso).
29Gi NMR (54 MHz, 23 “C, dichloromethane-d ,): 6 108.3
(hextet, Jg;y = 14.9 Hz) measured by irradiating at ethyl
proton (6 0.99). IR (KBr, cm™): 3050, 2992, 2960, 1817,
1580, 1480, 1460, 1429, 1381, 1307, 1268, 1184, 1149,
1068, 1028, 847, 706, 658, 611. FD-MASS m/z = 651;
The field-desorption mass spectrum was recorded, and
intensities of obtained isotopic peak for C,gHgsSi,Ruy
agreed with the calculated values within the experimental
error. Anal. Caled for BCg,H,5Si,Ru,: C, 64.42; H, 7.81.
Found: C, 63.91; H, 7.80.
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[(CsMeg) Ru(u—n2-HSiPh,) (H)],(u-H)*[BPh,]~ (4b-
BPh ). A 50 mL Schlenk tube was charged with dichloro—
methane (6 mlL) and [Cp'Ru(i—n?~HSiPh,)],(u~H)(H) (2b)
(55.0 mg, 0.066 mmol). The flask was cooled at ~78 *C
with dryice/methanol bath. After 1.1 equiv of CF,SO;H
(7.0 4L, 0.079 mmol) was added with vigorous stirring, the
color of solution was quickly turncd from orange to bright
yellow. The solution was then slowly warmed up to room
temperature. After the reaction mixture was stirred for 10
min at 25 "C, large excess amounts of NaBPh, was added.
The suspension was stirred for 3 h at room temperature in
order to anion exchange from CF;S0,™ to BPh,”. The
product was extracted with three portions of 10 mL of di-
chloromethane and the combined extract was passed
through Celite on glass filter. After the solvent was
removed under reduced pressure, the residual solid was
washed five times with 5 mL of pentanc. Removal of
pentane in vacuo afforded 74.0 mg of 4b-BPh, as yellow
solid (0.063 mmol, 96 % yield). 'H NMR (500 MHz, 23
°C, dichloromethane-d,): § ~12.93 (s, SH, Jg;y = 20 Hz,
RuH), 1.82 (s, 30H, Cp'), 7.5 - 6.7 (m, 401, SiPh and
BPh,). (-90 “C): 6 -13.07 (br, 5H, RuH), 1.76 (s, 30H,
Cp'), 7.5 - 6.7 (m, 40H, SiPh and BPh,). C{’H} NMR
(75 MHz, 23 °C, chloroform-d): 8 11.9 (CsMes), 101.5
(CsMes), 121.3 (BPh), 125.2 (BPh), 127.3 (SiPh), 127.3
(8iPh), 127.7 (SiPh), 128.6 (SiPh), 130.8 (SiPh), 134.4
- (SiPh), 135.0 (SiPh), 136.0 (BPh), 138.0 (SiPh-ipso), 138.3
(SiPh-ipso), 164.2 (BPh-ipso). #Si{H} NMR (54 Mllz,
23 °C, dichloromethane~d ,): § 92.1. IR (KBr, cm™): 3058,
3002, 1945, 1881, 1825, 1580, 1481, 1456, 1429, 1381,
1305, 1267, 1187, 1100, 1075, 1031, 845, 735, 704, 611.

[(CsMeg)Ru(u-H)1,(u~SiPh,) {u-SiPh(OH)} (3f). A S0
mL Schlenk tube was charged with dichloromethane (10
mL) and [Cp'Ru(g~n2-HSiPh,)],(x-H)(H) (2b) (0.105 g,
0.13 mmol). The flask was cooled at ~78 *C with dry—
ice/methanol bath. After 1.1 equiv of CF;SO,H (13.0 4L,
0.14 mmol) was added with vigorous stirring, the color of
solution was quickly turned from orange to bright yellow.
The solution was then slowly warmed up to room tem-
perature. 'The reaction mixture was stirred for 10 min at 25
°C. Alumina (Merck Art. 1097) was then added to the
reaction solution, and the color of the solution was quickly
turned to dark red from yellow. The product was extracted
with three portions of 10 ml of dichloromethane and the
combined extract was passed through alumina on glass filter
(Merck Art. 1097). Removal of the solventin vacuo
afforded 43.7 mg of 3f as brownish red solid (56 % yield).
'H NMR (500 MHz, 23 °C, THF-dg): 6 -20.29 (br, 2H,
RuH), 1.43 (s, 30H, Cp'), 8.2 - 6.7 (m, 15H, SiPh). (-50
“C): 6 -20.50 (4, 1H, Jyyy = 5.8 Hz, Ruf), -20.04 (d, 1H,
Jiu = 5.8 Hz, RuH), 1.42 (5, 30H, Cp'), 8.2 - 6.9 (m, 15H,
SiPh), The resonance for OH was not observed when using
THF-dg. (300 MHz, benzene~d,, 23 “C): 6 -20.03 (s, 2H,
RuA), 1.30 (br, 1H, OH), 1.47 (s, 30H, Cp'), 7.9 - 7.1 (m,
15H, Ph). C{!H} NMR (126 MHz, -50 °C, THF~dy): 6
11.2 (CsMey), 90.8 (CsMey), 127.3 (Ph), 127.5 (Ph), 127.6
(Ph), 127.8 (Ph), 128.5 (Ph), 129.2 (Ph), 136.9 (Ph), 137.1
(Ph), 137.7 (Ph), 137.9 (Ph), 146.6 (Ph-ipso), 147.2 (Ph-
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ipso), 147.6 (Ph—ipso). *’Si{’H} NMR (54 MHz, 23 °C,
dichloromethane—d,): § 97.1 (SiPhy), 128.0 (SiPhOH). IR
(KBr, cm™): 3400 br v(OH), 3048, 2988, 2906, 1479,
1429, 1378, 1121, 1094, 1029, 926, 908, 740, 702, 515.
Anal. Caled for CyH,gOSi;Ru,: C, 58.57; H, 6.22. Found:
C, 58.06; H, 6.22.

Reaction of [Cp'Ru(u—-nZ—HSiEtz)]2(u-H)](H) (2a) with
CHCIl;. A 50 mL Schienk tube was charged with chloro—
form (2 mL) and [Cp'Ru(u—n2-HSiEt,)],(¢~H)(H) (2a)
(0.137 g, 0.21 mmot). The reaction solution was stirred for
6 hours at 25 °C. The solution color was turned from pale
orange to dark green. Removal of the solvent afforded
0.153 of green residual oil. The products was washed two
times with 10 mL of hexane, and then purified by the use
of column chromatography on neutral alumina (Merck Art.
1097) with THF/methanol after dissolved in 1 mL of di~
chloromethane. Removal of the solvent under reduced
pressure afforded 52.2 mg of [(Cp'RuCl);(u;~CH)]'CI™ (9)
(43% vyield) as dark green solid. The assignment was
performed by comparing its 'H NMR spectrum with
authentic synthesized in alternate way.®> 'H NMR (300
MHz, 27" C, chloroform~d): 8 1.69 (s, 45H, Cp"), 19.99 (s,
1H, ,—CH).

H/D exchange reaction of [Cp'Ru(/L—nz—HSith)]zm—H)—
(H) (2b) with D,SiPh,. A NMR tube was charged with 0.4
mL of benzene~d, and [Cp'Ru(u—n>-HSiPh,)],(u~H)(H)
(2b) (10 mg, 12 pmol) and 10 equiv D,SiPh, (22 ul, 0.12
mmol), and then sealed. After the tube was heated at 100
°C for 10 h, the resonances assignable to the hydride signal
for 2b was disappeared instead of the appearance of the Si-
H signal for H,SiPh, J at 5.08. This H/D change reaction
could not proceed at room temperature at least in 7 days.

Reaction of [Cp'Ru(u-n>~HSiPh,)l,(u~H)(H) (2b) with
H,SiEt,. ANMR tube was charged with 0.4 mL of
benzene-d; and [Cp'Ru(u—n°~HSiPh,)],(u-H)(H) (2b) (10
mg, 12 umol) and 100 equiv H,SiEt, (0.15 mL, 1.16
mmol), and then sealed. After the tube was heated at 100
°C for 30 h, the resonances assignable to the hydride signal
for 2e was appeared. The yield was estimated at 30 % (50
% conversion).

Reaction of [Cp’Ru(,u—nz—HSiEtz)]Z(p,—H)(H) (2a) with
H,SiPh,. A NMR tube was charged with 0.4 mL of
benzene-d; and [Cp'Ru(u—n>-HSiEL)],(u-H)(H) (2a) (5.0
mg, 7.7 umol) and 100 equiv H,SiPh, (0.14 mL, 0.75
mmol), and then sealed. After the tube was heated at 100
°C for 30 h, the resonances assignable to the hydride signal
for 2e was appeared. This reaction was proceeding more
cleanly than the reaction of 2b with Et,SiH,. Only the
produce of 2e was observed during the reaction. The yield
was estimated at 50 % (50 % conversion).
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[(CsMeRu(u~H)],(u—n%n>~H,Si'Bu,) (5¢). Toluene (20
mL) and Cp'Ru(u~H),RuCp' (1) (0.470 g, 0.99 mmol) were
charged in a reaction flask. After 1.5 equiv of di-teri—
butylsilane (0.29 mL, 1.61 mmol) was added, the solution
was stirred for 4 h at 25 ° C with vigorous stirring. The
color of solution was changed from red to deep purple with
slow generation of hydrogen. The solvent and remaining
silanes were then evaporated under reduced pressure. The
deep purple residual solid was dissolved in 7 mL of
toluene, and the product was purified by the use of column
chromatography on ncutral alumina (Merck Art. 1097) with
hexane / toluene. Removal of the solvent in vacuo afforded
0.546 g of purple solid (89 % yield). 'H NMR (300 MHz,
23 °C, benzene~dg): 6 1.89 (s, 30H, Cp"), 1.11 (s, 18H,
‘Bu), ~11.12 (br, 4H, RuHRu and RuHSi). (500 MHz,
-120 °C, toluene-dg / THF-dg = 1 : 5): 6 1.90 (s, 30H,
Cp"), 0.78 (s, 18H, ‘Bu), -6.15 (s, 2H, Jg;y = 75 Hz,
RuHSi), ~16.63 (s, 2H, RuHRu). C NMR (75 MHz, 23
°C, benzene-dg): 6 85.7 (s, CsMeg), 32.3 (q, Joy = 124.9
Hz, CMe3), 24.1 (s, CMe,), 12.8 (q, Joy = 126.5 Hz,
CMej). 2Si NMR (99 MHz, 23 °C, toluene—dy): 4 75.5
(quintet, Jgy; = 34.2 Hz). IR (KBr, cm™): 2974, 2952,
2884, 2854, 1787 br v(Ru-H-Si), 1468, 1377, 1050 6(H-
Si—H), 1029, 816, 600. Anal. Caled for CgHs,Ru,Si: C,
54.36; H, 8.47. Found: C, 54.09; H, 8.57.

[(CsMes)Ru{u-H)] z(p,—nz:nz-—HZSiEtQ (Sa). Cationic bis—
(u—diethylsilyt) complex [{Cp'Ru(u-n Z_HSIEL)(H)},(u~
H)][CF,COO0] (4a-CF,C00) (0.113 mg, 0.14 mmol) was
dissolved in 10 mL of a 2 : 3 of dichloromethane/diethyl—-
ether mixed—solvent. The solution was passed through the
column on Celite and neutral alumina (Merck Art. 1097)
with CH,Cl,/Et,0. The color of the band quickly turned
from yellow to purple in the column. The purple~colored
fraction was collected. Removal of the solvent under
reduced pressure afforded 63.4 mg of deep purple residual
solid including [Cp'Ru(u-H)],(u—n%n?-H,SiEt) (Sa) and
Cp'Ru(u—H),RuCp' (1). The yields estimated from the 'H
NMR spectrum of the mixture was 32 % (5a) and 2 % (1),
respectively. 'H NMR (500 MHz, -5 *C, toluene—dy): 0
-11.05 (s, 4H, Jg = 26 Hz, RuRu and RuHSi), 1.02 (br,
10H, Er), 1.87 (s, 30H, Cp’). C NMR (125 MHz, -5 "C,
toluene-dg): ¢ 12.5 (q, Joy = 127.3 Hz, -CH,CH,), 12.8 (q,
Jey = 126.5 Hz, CsMes), 17.6 (t, Joy = 119.7 Hz, ~CHy~
CH,), 86.4 (s, CsMes). 2Si{*H} NMR (54 MHz, -10 °C,
toluene—dg): 6 52.7.

[(CMegRu(u~H)],(u-n%n2-H,SiPhy) (5b). Cationic bis-
(u~—diphenylsilyl) complex [{CpRuf—n>~HSiPh,)(H)} ,(u~
H)]{CF,COO0] (4b~CF,C00) (0.190 mg, 0.19 mmol) was
dissolved in 10 mL of a 1 : 1 of dichloromethane / diethyl~-
ether mixed—solvent. The solution was passed through the
column on Celite and neutral alumina (Merck Art. 1097)
with Et,0. The color of the band quickly turned from
yellow to purple in the-column. The purple-colored
fraction was collected. Removal of the solvent under
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reduced pressure afforded 65.1 mg of deep purple residual
solid including [Cp'Ru(u-H)],(#—n%n>-H,SiPh,) (5b) and
[Cp'Ru(u-H)],(u-SiPh,){u—SiPh(OH)} (3f). The yields
estimated from the 'H NMR spectrum of the mixture was
42 % (Sb) and 16 % (3f), respectively. Pure Sb could be
obtained as a micro crystal from cold diethylether at -20
°C. 'H NMR (500 MHz, 0 °C, toluene-dg): 6 —10.09 (s,
4H, RuHRu and RuHSi), 1.82 (s, 30H, Cp') 7.8 - 7.2 (m,
10H, Ph). (-80 "C): 8 -10.06 (br, 4H, RuHRu and
RufHSi), 1.74 (s, 30H, Cp"), 7.9 - 7.2 (m, 10H, Ph). C
NMR (125 MHz, —20 °C, THF-dy): 6 13.8 (q, Joy = 126.5
Hz, CsMej), 89.2 (s, CsMeg), 128.5 (d, Joy = 156.9 Hz,
Ph), 130.1 (d, J oy = 159.5 Hz, Ph), 137.1 (d, J oy = 155.9
Hz, Ph), 148.1 (s, Ph-ipso). *Si{'H} NMR (54 MHz, ~10
°C, THF-dg): 8 38.6. Anal. Caled for CyHy,Ru,8i: C,
58.33; H, 6.73. Found: C, 57.51; H, 6.49.

[(C;MegRu(u-D)],(u~n*1?-D,Si'Bu,) (Sc—¢ ). Toluene
(10 mL) and Cp'Ru(u~D),RuCp' (1-d,) (0.061 g, 0.13
mmol) were charged in a reaction flask. After 2.0 equiv of
di—tert—butylsilane~d, (0.05 mL, 0.25 mmol) was added,
the solution was stirred for 4 h at 25 *C with vigorous
stirring. The solvent and remaining silanes were then
evaporated under reduced pressure. The deep purple
residual solid was dissolved in 7 mL of hexane, and the
product was purified by the use of column chromatography
on neutral alumina (Merck Art. 1097) with hexane /
toluene. Removal of the solvent in vacuo afforded 82.7 ug
of purple solid (59% yield). 'H NMR (300 MHz, 23 °C,
benzene-d,): & 1.89 (s, 30H, Cp"), 1.11 (s, 18H, ‘Bu). IR
(KBr, em™): 2960, 2920, 2854, 1468, 1375, 1276 br v(Ru-
D-Si), 1029, 816, 762 6(D-Si-D), 601.

Reaction of Cp'Ru(u-D),RuCp' (1-d,) with Di-tert-
butylsilane. Benzene—d, (0.3 mL) and Cp'Ru(u~D),RuCp'
(1-d,) (12.3 pg, 0.026 mmol) were charged in a NMR tube.
4.0 equiv of di—tert-butylsilane (19.0 4L, 0.11 mmol) was
added, then the reaction was monitored by the use of 'H
NMR at room temperature. While the reaction rate was
extremely slow when compared to the reaction carried in a
Schlenk tube with vigorous stirring, all of 1-d, was
converted in 12 h. While only one small newly—-appeared
hydride resonance was observed at 6 —11.64 in the 'H
NMR measured after 15 min (ca. 10 % conversion), four
hydride signals assignable to 5¢, Sc~d;, Sc—d,, and Sc-d;
were observed after 12 h (100 % conversion). 'H NMR
(300 MHz, 23 °C, benzene—d,) d 1.89 (s, 30H, Cp"), 1.11
(s, 18H, ‘Bu), ~11.12 (br, 5c), ~11.38 (br, Sc~d}), -11.64
(br, Sc-d,), ~11.90 (br, 5c~d;). Intensity ratio of the
hydride region to the Cp' signal is ca. 2.0H, and the ratio
among Se¢, Se~d,;, Se~d,, Sc-d;, and Se~d, was estimated at
about2:7:9:3:4. The reaction of 1 with ‘Bu,SiD,
resulted in a similar results though the ratio was slightly
changed.

[(CsMeg Ru(CO) ], (u~n%n~H,S51'Buy (16) and [(Cs-
MegRu(CO)] 5 (u=n>~HSi'Buy) () (11). Toluene (10 mL)
and [Cp'Ru(u-H)] {e—n*n*~H,8i'Bu,) (5¢) (0.807 g 0.13
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mmol) were charged in a reaction flask under 1 atm of
carbon monoxide atmosphere. After stirred for 12 h at 23
°C, the color of solution was changed from deep purple to
light orange. Removal of the solvent under reduced
pressure afforded yellow solid of a mixture of 10 and 11

" including 4 % of [Cp'Ru(CO)(u—-CO)], (19) as a by~

product. Complex 10 and 11 were extracted from the
mixture by filtration with 5 mL of pentanc three times.
Removal of the solvent in vacuo afforded 66.2 ug of yellow
solid of the mixture of 10 and 11 in the ratioof 1:1.2
(76% yield). Only 10 can be isolated from cold pentane as
a yellow single~crystal suitable for X-ray diffraction study,
but it came to the equilibrium when dissolved in 1 h. 'H
NMR (300 MHz, 23 °C, benzene—d o) (10); 6 1.89 (s, 30H,
Cp"), 1.26 (s, 18H, ‘Bu), ~13.60 (s, 2H, J;y = 24 Hz,
RuASi). (11); 0 1.98 (s, 15H, Cp'), 1.73 (s, 15H, Cp'), 1.42
(s, 9H, ‘Bu), 1.41 (s, 9H, ‘Bu), ~11.79 (s, 1H, Jg = 36 Hz,
RuHSi), —14.40 (s, 1H, RuAHRu). BC{!H} NMR (69 MHz,
23 °C, benzene-dy): (10); 6 211.1 (t-CO), 96.0 (C;Mey),
31.3 (CMe;), 28.1 (CMejy), 10.3 (CsMes). (11); 6 210.4 (t—
C0), 205.7 (t-C0O), 95.63 (CsMey), 95.55 (CsMey), 32.0
(CMe3), 31.7 (CMey), 27.0 (CMe,), 26.8 (CMe,), 10.6
(CsMes), 9.8 (CsMes). *°Si NMR (54 MHz, 23 " C,ben—
zene—dg ): (10); 6 186.2 (t, Jgy = 22.4 Hz). (11); 6 168.7
(dd, Jgyy = 31.6, 7.9 Hz). IR (KBr, cm™): (10 and 11);
2976, 2894, 2854, 1928, 1905, 1869, 1479, 1379, 1027,
818. Anal. Calcd for C;yHg,0,Ru,Si: C, 53.55; H, 7.49.
Found: C, 52.69; H, 7.45 (10 and 11).

[(CsMeg)Rul,(u-n2-HSi'Bu,) (u-n >-HSiEtH) (u~H) (H)
(2f). Benzene-d, and [Cp’RuQu—H)]Z(/t—nZ:nZ—HZSitBuZ)
(5¢) (30.5 ug, 0.049 mmol) were charged in a NMR tube.
After 20 equiv of diethylsilane (0.13 mL, 1.01 mmol) was
added, the NMR tube was then sealed. Heating in a oil—
bath at 100" C for 2 h, the color of solution was changed
from deep purple to red. The solvent and remaining silanes
were then evaporated under reduced pressure in a flask.
The residual red oil was dissolved in 1 mL of pentane, and
the product was purified by the use of column chromato—
graphy on neutral alumina (Merck Art. 1097) with hexane.
Removal of the solvent in vacuo afforded 29.5 ug of the
orange solid including 2f and [Cp‘Ru(/z—nz~HSiEt)]2(y—H)~
(H) (2a) in the ratio of 10 : 1 (81 % yield determined by
'H NMR). Complex 2f can be isolated from cold pentane
as a orange single—crystal suitable for X~ray diffraction
study. A minor product was identified as 2a by comparing
the 'H NMR chemical shift with authentic alternatively
synthesized. 'H NMR (500 MHz, 60 " C, toluene~dg): &
5.66 (br, 1H, Jgy = 160 Hz, SiH), 1.87 (s, 30H, Cp), 1.50
(m, 5H, Et), 1.28 (s, 9H, 'Bu), 1.25 (s, 9H, ‘Bu), —12.83 (br,
2H, RuH), -15.50 (br, 2H, RuH). (-90 “C): 6 5.64 (br, 1H,
SiH), 1.94 (s, 15H, Cp"), 1.63 (s, 15H, Cp'"), 1.6 -1.0 (m,
5H, Et), 1.6 - 1.0 (m, 18H, 'Bu), -12.32 (s, 1H, RuH),
—-13.26 (s, 1H, Ruf), -14.29 (s, 1H, RuH), -16.67 (s, 1H,
RuH). C{!H} NMR (76 MHz, 23 °C, benzene—-d): 6
93.3 (CsMes), 32.3 (CMey), 32.4 (CMe;), 25.9 (CMe,), 24.9
(CMe,), 15.0 (-CH,CH,), 14.0 (-CH,CH,), 12.4 (CsMes).
298i{'H} NMR (54 MHz, 23 °C, benzene-d,): 6 116.2
(Si'Buy), 152.4 (SiEtH). IR (KB, em™): 2964, 2906, 2850,
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2062 m v(Ru~H), 2022 s v(Si-H), 1835 br v(Ru-H-Si),
1659 br v(Ru-H-Si), 1475, 1379, 1071, 1027, 812, 571.
Anal. Caled for CyyHggRu,Si,: C, 53.22; H, 8.63. Found: C,
53.02; H, 8.22. FD-MASS m/z = 678. The field-desorp-
tion mass spectrum was measured, and the intensities of the
obtained isotopic peaks for CyyHgRu,Si, agreed with the
calculated values within experimental error.

[(CsMes)Rul,(u—n*~HSi'Bu,) (u-n>~HSiPhH) (u-H) (H)
(2g). Toluene (10 mL) and [Cp'Ru(u~H)],(u-n*n?-
H,Si'Bu,) (5¢) (74.3 ug, 0.12 mmol) were charged in a
reaction flask. After S equiv of phenylsilane (75 L, 0.61
mmol) was added, the reaction solution was stirred for 2 h
at room temperature. The color of solution was changed
from deep purple to bright orange. The solvent and
remaining silanes were then evaporated under reduced
pressure, The residual red oil was dissolved in 5 mL of
pentane, and the product was purified by the use of column
chromatography on neutral alumina (Merck Art. 1097) with
hexane. Removal of the solvent in vacuo afforded 58.7 ug
of the orange solid of 2g (68% yield). 'H NMR (500
MHz, 20 °C, toluene~dg): 6 8.2 — 7.1 (m, SH, Ph), 6.29 (s,
1H, Jg;y = 172 Hz, SiH), 1.87 (s, 30H, Cp'), 1.24 (s, 9H,
‘Bu), 1.04 (s, 9H, 'Bu), ~12.31 (br, 2H, RuH), -15.35 (br,
2H, Ruf). (-90°C): 8.2 - 7.1 (m, SH, Ph), 6.37 (br, 1H,
SiH), 1.93 (s, 15H, Cp"), 1.66 (s, 15H, Cp"), 1.5 — 1.0 (m,
18H, ‘Bu), —11.64 (5, 1H, Jgy; = 26 Hz, RuHSi), ~12.84 (s,
1H, Ruf or RuHRu), -14.00 (s, 1H, Jgy = 49 Hz, RuHSi),
~16.46 (s, 1H, RuH or RuHRu). PC{'H} NMR (76 MHz,
23 °C, benzene—d,): ¢ 144.6 (Ph—ipso), 136.8 (Ph), 127.7
(Ph), 93.5 (CsMeg), 32.6 (CMey), 32.1 (CMej;), 26.0
(CMe,), 25.0 (CMes), 12.4 (CsMes). °Si NMR (54 Miz,
23 °C, benzene—d,): 8 115.4 (Si'Buy), 139.8 (d, Y,y =
163.6 Hz, SiPhH). IR (KBr, cm™): 3062, 3048, 2958,
2900, 2850, 2054 m v(Ru-H), 2036 s v(Si-H), 1813 br
v(Ru-H-8i), 1613 br v(Ru-H-Si), 1475, 1427, 1379, 1029,
880, 700. Anal. Caled for C;,HggRu,Si,: C, 56.32; H, 8.06.
Found: C, 56.04; H, 8.19.

Reaction of [Cp'Ru(u~H)],(u~n%n>-H,Si'Bu,) (5¢) with
Ph,SiH,. Excess amounts of Ph,SiH, (10 equiv) and Sc
were dissolved in 0.3 mL of benzene-d,, and charged in a
NMR tube. After the tube was sealed, then heated at 100
°Cfor 10 h. The color of solution turned from deep purple
to red. The 'H NMR spectrum of the mixture revealed that
many complexes were produced as follows; bis(u—di-
phenylsilyl) complex [Cp'Ru(u—nZ—HSiPhZ)]ZQu—H)(H) (2b),
bis(u—diphenylsilylene) complex [Cp'Ru(u-SiPh,)(u-H)],
(3b), mono(u—diphenylsilylene) complex [Cp'Ru(u-H)] (-
SiPh,) (15a), and di—terr-butylsilane. In addition to these,
two broad signals assignable to Cp' signal were observed at
0 1.93 and 1.57, which implies the existence of mixed-
bridged bis(u~silyl) complex [Cp'Rul,(4~n>~HSi'Bu,)(u—
n2-HSiPh,)(u-H)(H). Four hydride signals assignable to
this compounds were also observed at § -11.83, -13.27,
—15.44, and -16.91. But, isolation of this complex have
not yet been done.
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[(CsMegRul,(u-n>~HSi'Bu,) (u-0: n>~CH=CHy) (u-H) (H)
(12). A 50 mL Schlenk tube was charged with toluene (10
mL) and [Cp'Ru(u-H)],(u-n*n*~H,SiBu,) (5¢) (0.154 g,
0.25 mmol). The solution was stirred under 1 atm of
acetylene at 25 “C for 4 days. The color of solution was
changed to red. The solvent was evaporated under reduced
pressure. After the products were dissolved in 15 mL of
pentane, a few black precipitate was removed by the
filtration. Removal of the solvent afforded 0.141 g of 12 as
orange solid (88 % ). 'H NMR (300 Mliz, 23 “C, ben-
zene-dg): 0 —14.83 (s, 1H, Jgyyy = 59 Hz, RuHSi), -14.56
(br, 1H, RuffRu), ~13.17 (br, 1H, Ruf), 1.27 (s, 9H, ‘Bu),
1.34 (s, 9H, ‘Bu), 1.60 (s, 15H, CpY), 1.98 (s, 15H, Cp'),
3.03 (dd, 111, J gy = 8.0, 2.0 Hz, -CH=CHH), 3.89 (dd, 1H,
Jyn = 11.2, 2.1 Hz, ~-CH=CHH), 6.77 (dddd, 1H, Jyy =
11.2,8.0,1.5,1.5 Hz). '>*C NMR (76 MHz, 23 "C,
benzene—dg): 6 11.2 (g, Joy = 126.9 Hz, CiMey), 12.1 (q,
Joy = 126.4 Hz, CiMey), 26.8 (s, CMey), 27.5 (s, CMey),
32.79 (q, J oy = 124.9 Uz, CMey), 32.83 (q, /oy = 124.9 Hz,
CMe;), 58.4 (dd, Jyy = 161.5, 145.5 Hz, -CH=CH,), 89.6
(s, CsMeg), 95.3 (s, CsMes), 153.8 (d, J oy = 142.3 Hz,
-CH=CH,). *Si NMR (54 MHz, 23 " C, benzene-d,,
INEPT): 8 98.8 (d, Jg = 57.2 Hz). IR (KBr, cm™): 2980,
2902, 2852, 2062 v(Ru-H), 1581 v(Ru-H-8i), 1477, 1454,
1377, 1026, 813, 586, 565. Anal. Calcd for CyyH,Ru,Si:
C, 55.87; H, 8.44. Found: C, 55.83; H, 8.38.

[(CsMeg)Rul,(u-Si'Buy) (u-CMe)(u-H) (13b). A 50 mL
Schlenk tube equipped with a reflux condenser was charged
with toluene (10 mL) and [Cp'Ru],(#-n*~HSi'Bu,)(u~
CH=CH,)(u-H)(H) (12) (98.4 mg, 0.15 mmol). The solu-
tion was heated under reflux for 10h. The color of solution
was turned from orange to brownish red. The solvent was
evaporated under reduced pressure, brown residual oil was
obtained. The brown residue was dissolved in 2 mL of
toluene, and the product was purified by the use of column
chromatography on neutral alumina (Merck Art. 1097) with
hexane/toluene. The first purple—colored band included Se¢
and 13b was contained in the second brown~colored
fraction. After the fractions were collected, then the
solvent was removed under reduced pressure. While 10.2
mg of S¢ was recovered (11 %), pu—ethylidyne complex 13b
was obtained as brown solid in 15 % yield (14.7 mg). 'H
NMR (300 MHz, 23 °C, benzene—d ,): 6 —19.14 (s, 1H, Jgy
= 15.3 Hz, RuH), 1.40 (s, 18H, ‘Bu), 1.76 (s, 30H, Cp",
3.96 (s, 3H, u—~CMe). BC{*H} NMR (68 MHz, 23 °C,
benzene-dg): § 12.2 (CsMes), 32.8 (br, CMe,), 34.6 (br,
CMey), 42.0 (u—~CMe), 94.1 (CsMes), 384.4 (u-CMe).

Reaction of [Cp'Rul, (-1 ~HSi'Bu,) (u-CH=CH,) (u-H)-
(H) (12) with carbon monoxide. A 50 mL Schienk tube
was charged with toluene (10 mL) and [Cp'Ru],(u—n?-
HSi'Bu,)(u—CH=CH,)(u-H)(H) (12) (20.8 mg, 32.2 umol).
The solution was stirred under 1 atm of carbon monoxide at
100 °C for 10 h. The color of solution was changed to
yellow. The solvent was evaporated under reduced
pressure. The "H NMR of the residual solid revealed that
the products was [Cp'Ru(CO)u-CO)], (19).
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[(CsMeg)Rul,(u-n>0*-C¢Hy) (14a). A 50 mL Schlenk
tube was charged with toluene (10 mL) and [Cp'Ru(u—
H)],(¢-0%n2-H,Si'Bu,) (5¢) (0.121 g, 0.20 mmol). The
solution was stirred under 1 atm of acetylene at 100 ~C for
24 h. The color of solution was changed to red. The
solvent was cvaporated under reduced pressure. After the
residuc was dissolved in 15 mL of pentane, and precipitate
was removed by the filtration. Removal of the solvent
afforded 0.122 g of oil including 14a and 14b. Then the
products was dissolved in 3 mL of pentane again, and
purified by the use of column chromatography on neutral
alumina (Merck Art. 1097) with hexane. Collection of the
yellow band in the column, and removal of the solvent
afforded 31.7 mg of yellow solid including 14a and 14b in
the ratio of 5: 6. The yield estimated from 'H NMR
spectrum was 13 % (14a) and 16 % (14b). Purc 14a was
obtained from cold pentane solution by crystallization. H
NMR (300 MHz, 23 "C, benzene-d,): 8 1.703 (s, 30H,
Cp), 3.18 (dd, Jyy; = 2.3, 1.4 Hz, 2H, RuCHCHCH), 4.42
(dd, Jyyy = 4.2, 2.3 Hz, 2H, RuCHCHCH), 8.95 (dd, Jyy =
4.2, 1.4 Hz, 2H, RuCHCHCH). *C NMR (76 MHz, 23
°C, benzene—d,): 8 11.0 (g, Joy = 126.6 Hz, CMey), 74.2
(d, J gy = 155.0 Hz, RuCHCHCH or RuCHCHCH), 91.8 (s,
CsMey), 95.5 (d, Jy = 156.6 Hz, RuCHCHCH or RuCH-
CHCH), 173.4 (dd, J o = 152.6, 14.9 Hz, RuCHCHCH).
IR (KBr, cm™): 2998, 2962, 2910, 1483, 1379, 1346, 1321,
1195, 1069, 1027, 853, 555. Anal. Caled for CygHy4Ru,: C,
56.71; H, 6.59. Found: C, 56.95; H, 6.41. FD-MASS m/z
= 552. The field-desorption mass spectrum was measured,
and the intensities of the obtained isotopic peaks for Cy—
H,4Ru, agreed with the calculated values within experim-
ental error.

[(CsMegRul,{—n*n’~CH(CH=CH,)} (14b). A 50 mL
Schlenk tube was charged with toluene (10 mL) and
[Cp'Ru(u~H)],(#~n%n?-H,S8i'Bu,) (5¢) (0.121 g, 0.20
mmol). The solution was stirred under 1 atm of acetylene
at 100 °C for 24 h. The color of solution was changed to
red. The¢ solvent was evaporated under reduced pressure.
After the residue was dissolved in 15 mL of pentane, and
precipitate was removed by the filtration. Removal of the
solvent afforded 0.122 g of oil including 14a and 14b.
Then the products was dissolved in 3 mL of pentane again,
and purified by the use of column chromatography on
neutral alumina (Merck Art. 1097) with hexane. Collection
of the yellow band in the column, and removal of the
solvent afforded 31.7 mg of yellow solid including 14a and
14b in the ratio of 5 : 6. The yield estimated from 'H
NMR spectrum was 13 % (14a) and 16 % (14b). 'H
NMR (300 MHz, 23 °C, benzene—d): 6 1.67 (s, 15H, Cp"), -
1.697 (s, 15H, Cp"), 3.08 (ddd, J;y; = 2.9, 1.8, 1.7 Hz, 11,
RuCHCHCH), 3.35 (dd, Jyy = 2.2, 1.7 Hz, 1H, RuCH~
C(C)CH), 4.34 (dd, Jyy = 4.2, 2.9 Hz, 1H, RuCHCHCH),
5.04 (dd, Ji; = 10.5, 2.1 Hz, 1H, -CH=CH,), 5.32 (dd, Jy
= 17.6, 2.1 Hz, 1H, -CH=CH,), 6.13 (dd, Jygy = 17.6, 10.5
Hz, 1H, -CH=CH,), 9.01 (dd, Jyy = 4.2, 1.8 Hz, 1H,
RuCHCHCH), 9.04 (dd, Jyy = 10.5, 2.1 Hz, 1H, RuCHC-
(C)CH). FD-MASS m/z = 578. The field-desorption mass
spectrum was measured, and the intensities of the obtained



isotopic peaks for C,gH,Ru, agreed with the calculated
values within experimental error.

H/D exchange reaction of [Cp’Ru(y—H)]Zw—nz:nz—sti-—
'Bu,) (4) with Benzene~-d,. Benzene-d, (0.3 ml.) and
[Cp'Ru(u~H)],(#—n%m2-H,Si'Bu,) (5¢) (15.0 g, 0.024
mmol) were charged in a NMR tube, then the tube was
sealed. Heating in a oil-bath at 80 *C for days, new peaks
of hydride signals assignable to those for Sc-d;, Sc~d,, and
Sc—d, appeared with each 0.26 ppm-of upfield shift from
that of Sc. Deuterium abstraction graduately proceeded,
and those peaks finally disappeared after two weeks while
the signal for Cp' signals did not show any observable
changes during the reaction.

H/D exchange reaction of 4-d, with Di-fert-butylsilane.
Di—tert—butylsilane (38.0 xL, 0.21 mmol) and [Cp'Ru(u-
D),](u-n%n%-D,Si'Bu,) (Se-d,) (13.0 g, 0.021 mmol)
were dissolved in Benzene-d, (0.3 mL). After charged in a
NMR tube, the tube was sealed. Whereas H/D reaction did
not proceed at room temperature, the signals for hydrides of
Sc, 5¢~d ), 5¢-d,, and Sc~d; appeared upon heating in a
oil-bath at 80 “C for 24 h. Total intensity of those signals
was ca. 3H to 30H of the Cp' signal at that time (75 %
conversion), and decrease of the intensity of the Si-H
signal of 'Bu,SiH, was also observed. Prolong heating
resulted in a disappearance of both the Si—H signal for
'‘Bu,SiH, and that for Ru-H. Deuterium distribution
between CyDg occurred simultaneously.
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[(CsMeg) Ru(u-H)],(u—~SiPhy) (15a). A 50 mL Schlenk
tube equipped with a dropping funnel was charged with
THF (10 mL) and Cp'Ru(g—H),RuCp’ (1) (0.105 g, 0.22
mmol). A funnel was charged with 2.3 equiv of triphenyl-
silane (0.133 g, 0.51 mmol) and THF (10 mL). The
Ph,SiH solution was then slowly added dropwise to the
solution of 1 for 5 h. The reaction solution was stirred for
10 h at 25 “C. The color of solution was changed to dark
red. The solvent was then removed under reduced pressure.
Red residual oil including excess silane was obtaincd.
From the 'H NMR of the mixture the ratio between [Cp'—
Ru(u-SiPh,)(u—H)], (3b) and 152 was estimated at 1 : 2.
After washing by the 5 mL of pentane to remove the
remaining silane, 0.146 g of the mixture was obtained. The
residual solid was then dissolved in toluene (15 mL). The
solution was transferred to a glass autoclave pressurized
with 7 atm of H,. After the reaction mixture was stirred
for 24 h at 25 “C, the solvent was removed under reduced
pressure. The residual solid was washed by seven times
with 5 mL of hexane to remove {Cp'Ruu—n*~HSiPh,)], (1~
H)(H) (2b). 80.2 mg of complex 15a was obtained as dark
red solid (56 %). 'H NMR (500 MHz, 23 *C, THF-dg): ¢
-13.51 (s, 2H, RuH), 1.56 (s, 30H, Cp'), 8.3 -7.3 (m, 101,
Ph). *C{'H} NMR (75 MHz, 23 " C, THF-dg): 6 11.3
(CsMe;), 87.3 (CsMes), 128.1 (Ph), 129.3 (Ph), 138.2 (Ph).
29Si NMR (54 MHz, 23 °C, benzene-dy): 6 265.0. IR
(KBr, cm™1): 3062, 2982, 2904, 1480, 1428, 1382, 1093,
1032, 738, 700, 526. Anal. Caled for C3,H,yRu,Si1: C,
58.51; H, 6.44. Found: C, 58.14; H, 6.33. FD-MASS m/z
= 658; The field—desorption mass spectrum was recorded,
and intensities of the obtained isotopic peaks for C;,~
H,,Ru,Si agreed with the calculated values within the
experimental error.

Reaction of Cp'Ru(u~H) RuCp' (1) with triphenylsilane
in a NMR tube. A NMR tube was charged with benzene—
d, (0.3 mL) and Cp'Ru(u-H),RuCp' (1) (4.9 mg, 0.015
mmol). After 1.5 equiv of triphenylsilane was added to the
tube, the solution was permitted to stand for 3 days. The
reaction was monitored by means of 'H NMR. During the
reaction a signal assignable to liberated H, was observed at
& 4.46. And one Cp' signal for unidentified intermediate
was observed at 1.81 as a sharp singlet in addition to broad
resonance between d -12.0 ~ -14.3. The intensity of these
resonances decreased as the reaction was procecding and
these signals finally disappeared. The ratio between 3b and
15a reached at 4.3 : 1.0 after 3 days.

Reaction of Cp'Ru(u-H) ,RuCp' (15a) with diphenyl-
methylsilane. A 50 mL Schlenk tube was charged with
toluene (20 mL) and Cp'Ru(u~H),RuCp' (1) (0.317 g, 0.67
mmol). After 2.5 equiv of Ph,MeSiH (0.34 mL, 1.68
mmol) was added with vigorous stirring, the solution was
allowed to react for 12 h at 25 “C. The solvent was then
removed under reduced pressure, and the residue was
washed two times with 5 mL of methanol to remove the
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remaining silane. The dark red residual solid was dissolved
in 2 mL of toluene, and the product was purified by the use
of column chromatography on neutral alumina (Merck Art.
1097) with hexane/toluene. Removal of the solvent under
reduced pressure afforded 0.397 g of [Cp'Ru(u~SiPhMe)(u—
H)], (3d-syn/anti) as orange solid (84 % yield).

[((CMe)Ru(u-H)] »{p-n % 2-HSiMe,(CH=CH,)} (16). A
50 mL of Schienk tube was charged with toluene (10 mL)
and Cp'Ru(u~H),RuCp' (1) (0.122 g, 0.26 mmot). The
flask was cooled at =78 ° C with dryice/methanol bath.
After 2.2 equiv of dimethylvinylsilane (28 % THF-
solution; 0.22 mL, 0.56 mmol) was added with vigorous
stirring, the solution was slowly warmed up 0 5 °C. The
reaction mixture was stirred for 7h. Removal of the
solvent and excess silane under reduced pressure afforded
0.152 g of dark red solid including 16 at 90 % (by 'H
NMR). H NMR (500 MHz, 40 "C, toluene-dg): 6 ~14.50
(br, 3H, Ruf]), 0.28 (s, 3H, Me), 0.78 (s, 3H, Me), 1.43 (s,
15H, Cp"), 1.86 (s, 1511, CpY), 3.72 (dd, Jyy = 15.0, 11.0
Hz, 1H, ~-CH=CH,), 3.87 (dd, Jyy; = 15.0, 2.0 Hz, 1H, -
CH=CHH), 4.50 (dd, J;; = 11.0, 2.0 Hz, 1H, ~CH=CHH).
(=70 °C): 6 ~19.93 (s, 1H, RuHRu), -14.45 (s, 1H,
RuHSi), ~8.76 (s, 1H, RuHRu), 0.43 (s, 3H, Me), 0.99 (s,
3H, Me), 1.32 (s, 15H, Cp"), 1.81 (s, 15H, Cp'), 3.83 (dd,
Ty = 14.5, 11.5 Hz, 1H, ~CH=CH,), 4.07 (d, Jyy = 14.5
Hz, 1H, -CH=CHH), 4.61 (d, Jyy = 11.5 Hz, 1H, -C-
H=CHH). C NMR (125 MHz, -70 "C, toluene~dy): 6 9.1
(q, Jogy = 114.6 Hz, SiMe), 10.5 (q, oy = 118.9 Hz, SiMe),
10.6 (q, Jogy = 126.4 Hz, CiMey), 12.5 (4, Joy = 126.4 Hz,
CMe;), 62.7 (t, Joy = 154.1 Hz, ~-CH=CH,), 68.0 (d, J oy =
136.1 Hz, ~CH=CH,), 85.2 (s, C;sMes), 92.1 (s, CsMeg).
25 NMR (54 MHz, 23 °C, toluene—dy): & ~11.5 (m, Jgy =
51 Hz). IR (KBr, em™): 2962, 2902, 1943 s v(Ru-H~Si),
1541, 1526, 1477, 1452, 1377, 1313, 1222, 1116, 1025,
832, 748, 667. FD-MASS my/z = 562; The field-desorption
mass spectrum was recorded, and intensities of obtained
isotopic peak for C,,H,,Ru,Si agreed with the calculated
values within the experimental error.

[(CsMeg)Rul,(u—SiMe,) (u-CMe)(u—-H) (13a). A NMR
tube was charged with benzene—d 4 (0.3 mL) and [Cp'Ru(u~
H,)]{#—n%n?-HSiMe,(CH=CH,)} (16) (5 mg, 8.9 zmol).
The tube was sealded and then heated at 80 “C for 1 h.
The resonances assignable to 16 disappeared and appear—
ance of newly peaks derived from 13a was observed. The
yield of 13a was estimated at 90 % by means of "H NMR
spectrum. Charcterization was performed by comparing
spectral data with its authentic synthesized in alternate
way.* 'H NMR (500 MHz, 10 °C, toluene—dg): 6 -17.94
(s, 1H, RuH), 0.66 (br, 3H, SiMe), 1.70 (br, 3H, SiMe),
1.76 (s, 30H, Cp'), 3.95 (s, 3H, u—CMe). (-60 ‘C): 8
~17.78 (s, 1H, RuH), 0.75 (s, 3H, SiMe), 1.71 (s, 30H,
Cp"), 1.75 (s, 3H, SiMe), 4.01 (s, 3H, 4~CMe). PC NMR
(125 MHz, ~60 ° C, toluene—dg): 6 11.1 (g, J ¢y = 126.6 Hz,
CsMey), 13.1 (q, Joy = 119.1 Hz, SiMe), 14.3 (q, Jey =
119.1 Hz, SiMe), 40.0 (q, J oy = 124.9 Hz, u-CMe), 91.8 (s,
CsMes), 387.7 (s, ~CMe). Si NMR (54 MHz, 23 °C,
benzene-dy): 0 197.8. IR (KBr, cm™): 2908, 1930, 1736,
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1667, 1551, 1450, 1379, 1261, 1027, 919. FD-MASS m/z
= 560; The field—desorption mass spectrum was recorded,
and intensities of obtained isotopic peak for C;,H,gRu,Si
agreed with the calculated values within the experimental
error. Anal. Calcd for CyH,oRu,Si-C, 51.59; H, 7.22.
Found: C, 51.18; H, 7.21.

[(CsMegRu(u-H)] ,(u~SiPhMe) (u—SiMe,) (3¢). A 50 mL
Schlenk tube was charged with toluene (10 mL) and Cp'-
Ru(u—H),RuCp' (1) (0.149 g, 0.31 mmol). The flask was
cooled at -78 *C with dryice/methanol bath. After 2.5
equiv of phenyldimethylsilane (0.12 mL, 0.78 mmol) was
added with vigorous stirring, the reaction mixture was
stirred for 2 h at 0 *C with argon bubbling. The color of
solution was turned from brownish red to dark red.
Removal of the solvent and excess silanes 0.212 g of brown
solid including 3e (> 95 %) and small amounts of bis(u-
dimethylsilylene) complex [Cp'Ru(u—SiMe,)(z~H)], (3h)
and its hydrogenated bis(u~silyl) complex 2j. Pure 3e
could be obtained from cold pentane solution as dark red
micro crystals. ‘H NMR (500 MHz, 23 °C, toluene-dg): &
~20.64 (br, 2H, RuH), 1.01 (s, 3H, Me), 1.02 (s, 3H, Me),
1.20 (s, 3H, Me), 1.64 (s, 30H, CpY), 7.6 - 7.1 (m, SH, Ph).
(-80 “C): 6 —20.75 (d, Jyyy = 5.8 Hz, 1H, RuH), —20.07 (d,
Jyy = 5.8 Hz, 1H, RuH), 1.13 (s, 6H, Me), 1.29 (s, 3H,
Me), 1.59 (s, 30H, Cp'), 7.6 ~ 7.1 (m, 5H, Ph). PC{'H}
NMR (75 MHz, 23 °C, benzene-d): 0 5.5 (Me), 9.8 (Me),
10.0 (Me), 11.8 (CsMey), 90.1 (CsMes), 137.2 (br, Ph),
149.9 (Ph—ipso). 2’Si NMR (54 MHz, 23 °C, benzene—d ,):
6 112.3 (SiMe,), 107.9 (SiPhMe). FD-MASS m/z = 654;
The field—desorption mass spectrum was recorded, and
intensities of obtained isotopic peak for CyH gRu,Si,
agreed with the calculated values within the experimental
error. Anal. Caled for C,oH,cRu,8i,: C, 53.34; H, 7.10.
Found: C, 51.45; H, 6.90.

[(CsMes)Ru(u~SiMe,) (u~H)}, (3h) and/or [(CsMeg)Ru(u~
nz—HSiMez)(,u—H)(H) (2j): byproducts of the reaction of
Cp'Ru(p-H),RuCp' with PhMe,SiH. A 50 mL Schlenk
tube was charged with toluene (10 mL) and Cp'Ru(u-
H),RuCp' (1) (0.139 g, 0.29 mmol). After 2.3 equiv of
phenyldimethylsilane (0.10 mL, 0.65 mmol) was added at
room temperature, the reaction solution was stirred for 5 h.
Removal of the solvent in vacuo afforded a mixture of
some complexes; [Cp'Ru(u—H)],(u-SiMe,)(u-SiPhMe) (3e)
and its hydrogenated product 2h and may be attributed to
[Cp'Ru(u-SiMe,)(u—H)]; (3h) and its hydrogenated product
2j. Although the '"H NMR spectra of the mixture was not
separable except for a few resonances, FD-MASS spectra
of the mixture revealed the existence of dinuclear com-
plexes having {SiMe,], unit. FD-MASS m/z = 594; The
field—desorption mass spectrum was recorded, and intensi—
ties of obtained isotopic peak for C,H sRu,Si; agreed with
the calculated values within the experimental error. The
hydride and methyl signals for [Cp'Ru(u—n2~HSiMe,)],(u~
H)(H) (2j) was clearly observed in the 'H NMR spectrum.
6 -13.66 {br, RuH), 0.57 (br, Me), 0.76 (br, Me).
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Reaction of Cp'Ru(u-H) ,RuCp' (1) with PhMe,SiH in a
closed system. A 50 mL Schlenk tube was charged with
toluene (10 mL) and Cp'Ru(u—H),RuCp' (1) (0.117 g, 0.25
mmol). After 2.5 equiv of phenyldimethylsilane (0.10 mL,
0.65 mmol) was added at -78 °C, the reaction solution was
slowly warmed up to room temperature. The reaction
mixture was stirred for 10 h in the closed flask. Removal
of the solvent in vacuo afforded 0.167 g of residual oil
including 3¢, 2h, 2j, and unreacted silane. The ratio among
3e, 2h, and 2j was estimated at 1 : 2 : 1 (by H NMR).
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Reaction of [Cp'Ru(u~SiPh,)(u~H)], (3b) with H,.
Toluene (10 mL) and [Cp'Ru(—SiPh,)(u-H)}, (3b) (0.103
g, 0.12 mmol) were charged in a glass autoclave with 10
atm of hydrogen. The reaction solution was stirred for 1 h
at 80 "C. 'The solution color was changed to pale orange.
Removal of the solvent afforded 0.103 g of complex 2b
(100 % yield). When stired with 10 atm of H, at 25 °C,
the reaction was finished in 20 h.

[(CsMeg)Rul ,(u—n2-HSiPhMe) (u- n>~HSiMe,) (u—H) (H)
(2h). A 50 mL Schlenk tube was charged with toluene (10
mL) and {Cp'Ru(u-H)],(u—-SiPhMe)(u-SiMe,) (3e) (0.182
g, 0.28 mmol). The reaction solution was stirred under 1
atm of hydrogen at 23 “C. The solution color was turned
from red to yellow. Removal of the solvent afforded 0.180
g of complex 2h (100 % yield). 'H NMR (300 MHz, 23
°C, benzene~dg): 8 ~13.40 (br, 4H, RuH), 0.8 - 0.5 (br,
91, SiMe), 1.90 (s, 30H, Cp'), 8.0 - 7.1 (br, SH, Ph).
#Gi{'H} NMR (54 MHz, 23 "C, benzene—d,): 6 100.6.

[(CsMe)Ru(u~-SiPhMe)] ,(PMe,3(H), (20). A 50 mL Sch~
lenk tube was charged with toluene (10 mL) and [Cp'Rufu—
SiPhMe)(u-H)], (3d-syn/anti) (0.222 g, 0.31 mmol). After
2.5 equiv of PMe, (1.58 M/toluene;. 0.50 mL, 0.79 mmol)
was added with vigorous stirring, the reaction mixture was
stirred for 24 h at 25 °C. The color of solution was turned
from dark red to orange. After the solvent and excess
PMe; were removed under reduced pressure, yellow
residual solid was obtained. The yellow residual solid was
dissolved in 5 mL of pentane, and the product was purified
by the use of filtration on Celite. Removal of the solvent
under reduced pressure afforded 0.200 g of 20 as yellow
solid (82 % yield). 'H NMR (500 MHz, 23 "C, toluene-
dg): 0 =13.06 (s, 2H, RuH), 1.01 (d, 6H, Jyp = 1.2 Hz,
SiMe), 1.20 (d, Jyp = 0.7 Hz, 15H, Cp'), 1.5 - 1.1 (br, 9H,
PMe), 1.84 (s, 15H, CpY), 8.3 - 7.3 (br, 10H, Ph). (-40
“C): 6 ~12.99 (s, 2H, RuH), 1.02 (s, 6H, SiMe), 1.11 (d,
3H, Jyp = 7.9 Hz, PMe), 1.18 (s, 15H, Cp'), 1.35 (d, 6H,
Jup = 7.9 Hz, PMe), 1.80 (s, 15H, Cp'), 8.4 - 7.3 (m, 10H,
Ph). *C{!H} NMR (75 MHz, 23 °C, benzene-d¢): 6 11.2
(CsMes), 11.8 (CiMes), 19.0 (d, Jp = 1.4 Hz, SiMe), 25.7
(br, PMe), 26.8 (br, PMe), 94.7 (CsMes), 94.8 (CSMeS'),
127.1 (Ph), 127.4 (Ph), 136.5 (Ph), 155.2 (Ph—-ipso).
8i{'H} NMR (54 MHz, 23 "C, benzene-d,): 8 205.2 (d,
Jgip = 20.5 Hz). *'P{*H} NMR (109 MHz, 23 "C, ben-
zene-dg): 0 16.6. IR (KBr, cm'l): 3128, 3040, 3000, 2960,
2904, 2856, 2720, 2036 v(Ru-H), 1957, 1889, 1827, 1580,
1562, 1425, 1377, 1276, 1261, 1083. 1025, 944, 779, 735.
Anal. Caled for C;Hs,PRu,Si,: C, 56.17; H, 7.26. Found:
C, 56.16; H, 7.51.

Pyrolysis of [Cp'Ru(u-SiPh)],(PMe;)(H), (20). [CpRu-
(u—-SiPh)],(PMe;)(H), (20) (10 mg, 0.013 mmol) was dis—
solved in Benzene—d; (0.3 mL). After charged in a NMR
tube, the tube was sealed. The NMR tube was then heated
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at 100 °C for 10 h. The 'H NMR spectrum revealed the
complete disappearance of 20 and reproduce of 3d—syn/anti
and free PMe, (0 0.83, Jp = 12.8 Hz).

cis—[(CsMeg)Ru(CO) (u-SiPh,)], (cis~17b). Toluene (10
mL) and [Cp'Ru(u—n*~HSiPh,)],(u—~H)(H) (2b) (0.221 g,
0.26 mmol) were charged in a glass autoclave with 10 atm
of carbon monoxide. The rcaction vessel was heated at 150
°C with vigorous stirring for 4 h, and the solution color
was changed to bright yellow from pale orange. After the
solvent was evaporated under reduced pressure, the yellow
residual solid was dissolved in 4 mL of dicthylether, and
the product was purified by the usc of column chromato—
graphy on neutral alumina (Merck Art. 1097) with diethyl~
ether. Removal of the solvent under reduced pressure
afforded 0.233 g of cis~17b as yellow solid (100 % yield).
'H NMR (270 MHz, 23 °C, dichloromethane—d,): 6 1.52
(s, 30H, Cp"), 7.7 - 7.0 (m, 20H, Ph). C NMR (68 MHz,
23 °C, dichloromethane—d,): 8 10.7 (g, Joy = 127 Hz,
CMey), 99.0 (s, CsMes), 126.7 (d, Joy = 156.7 Hz, Ph),
127.3 (d, Joy = 154.7 Hz, Ph); 127.7 (d, /oy = 158.9 Hz,
Ph), 128.3 (d, Joy = 158.8 Hz, Ph), 135.2 (d, /¢y = 158.8
Hz, Ph), 147.6 (s, Ph-ipso), 152.2 (s, Ph—ipso), 205.2 (s, -
CO). ¥Si{'H} NMR (54 MHz, 23 " C, benzene—dy): 0
211.4. IR (KBr, cm™): 3046, 2970, 2910, 1955 v(t—CO),
1922 sh, 1480, 1425, 1380, 1263, 1078, 1019, 807, 701,
559. FD-MASS m/z = 894; The field-desorption mass
spectrum was recorded, and intensities of the obtained
isotopic peaks for C,Hs;O,Ru,Si, agreed with the caleu-
lated values within the experimental error. Anal. Caled for
C,sH500,Ru,81,: C, 61.86; H, 5.64. Found: C, 61.63; H,
5.59.

Reaction of [Cp'Ru(u-SiPh,)(n-H)], (3b) with CO.
Toluene (10 mL) and {Cp'Ru(u—-SiPh,)(u-H)}, (3b) (32.0
mg, 38 pmol) were charged in a glass autoclave with 5 atm
of carbon monoxide. The reaction solation was stirred for
20 hat 25 “C. The solution color was turned bright yellow
from dark red. Removal of solvent afforded 34.0 mg of
complex cis-17b (100% yield). When heated at 130 “C,
the reaction was finished in 30 min.

cis—[(C sMeg)Ru(CO)] 5 (u~SiPh,){u~SiPh(OH) } (cis-17¢).
Toluene (10 mL) and [Cp'Ru(u-H)},(#—-SiPh,){u-SiPh-
(OH)} (3f) (24.8 mg, 32 umol) were charged in a glass
autoclave with 10 atm of carbon monoxide. The reaction
vessel was heated at 150 °C with vigorous stirring for 3 h,
and the solution color was cahnged to bright yellow from
dark red. After the solvent was evaporated under reduced
pressure, 19.7 mg of a yellow mixture including cis-17¢
(64 % yield by "H NMR) and [Cp'Ru(CO),], (19; 15 %)
was then obtained. The product was dissolved in 4 mL of
THF, and purified by the use of column chromatography on
neutral alumina (Merck Art. 1097) with THF. cis—17¢ was
separable from 19. Because cis—17c partly decomposed in
alumina column, removal of the solvent in vacuo afforded
yellow solid including cis—=17c in 81 %. Pure cis—17b was
obtained by way of crystallization from pentane solution at
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-20 “C. 'H NMR (300 Mz, 23 °C, benzene—d,): ¢ 1.64
(s, 30H, Cp"), 2.26 (s, 1H, OH), 8.2 - 7.1 (m, 15H, Ph).
BC{'H} NMR (68 MHz, 23 °C, benzene—d,): 4 11.0
(CsMes), 98.2 (CsMeg), 126.6 (Ph), 127.5 (Ph), 129.1 (Ph),
133.6 (Ph), 135.5 (Ph), 138.1 (Ph), 148.4 (Ph-ipso), 149.3
(Ph—ipso), 150.3 (Ph-ipso), 205.0 (t=CO). Si{'H} NMR
(54 MHz, 23 ° C, benzene—d,): ¢ 205.2, 193.7 (SiPh, or
SiPhOH). IR (KBr, cm™): 3634 v(OH), 3064, 2964, 2904,
1945 v(t-CO), 1914 sh, 1489, 1427, 1381, 1094, 1027, 801,
739, 700.

cis=[(CsMes)Ru(CO) (u-SiPhMe)]; (cis-17d). Toluene
(10 mL) and [Cp'Ru(u-n2-HSiPhMe)],(u-H)(H) (2d-
syn/anti) (0.101 g, 0.14 mmol) were charged in a glass
autoclave with 7 atm of carbon monoxide. The reaction
vessel was heated at 150 *C with vigorous stirring for 5 h,
and the solution color was cahnged to bright yellow from
pale orange. After the solvent was evaporated under
reduced pressure, yellow residual oil containing cis-17d,
trans-17d, [Cp'Ru(CO),], (19), and other unidentified
complexes was obtained. The mixture was extracted with
five portions of 5 mL of pentane to eliminate [Cp'Ru~
(CO),}, (19) and the combined extract was purified by the
use of column chromatography on Silica gel (Merck Art.
7734) with hexanc/toluene after condensation. Removal of
the solvent in vacuo afforded 0.075 g of eis-17d as yellow
solid (70 % vyield). 'H NMR (300 Mlz, 23 °C, benzene-
dg): 6 1.36 (s, 30H, Cp'), 1.55 (s, 6H, Me), 7.5 - 7.2 (m,
10H, Ph). *C{'H} NMR (68 MHz, 23 *C, benzene—d ): 6
6.2 (SiMe), 9.0 (CsMe), 96.7 (CsMes), 135.7 (Ph), 152.0
(Ph-ipso), 205.6 (CO). IR (KBr, em™): 3064, 2962, 2896,
1932 v(t—-CO0), 1903 sh, 1431, 1379, 1265, 1094, 1021, 789.
Anal. Caled for CyH,O,Ru,S8i,: C, 56.22; H, 6.03. Found:
C, 55.84; H, 6.22.

trans-[(C ;Me)Ru{CO)(u~SiPhMe)}, (trans-17d). Tol-
uene (10 mL) and [Cp'Ru(u—n*~HSiPhMe)],(u-H)(H) (2d-
syn/anti) (0.101 g, 0.14 mmol) were charged in a glass
autoclave with 7 atm of carbon monoxide. The reaction
vessel was heated at 150 *C with vigorous stirring for 5 h,
and the sclution color was changed to bright yellow from
pale orange. After the solvent was evaporated under
reduced pressure, yellow residual oil containing cis-17d,
trans-17d, [Cp'Ru(CO),], (19), and other unidentified
complexes was obtained. Crystallization from cold pentane
afforded 15 mg of the mixture containing ¢rans—17d and
[Cp'Ru(CO),], (19) in the ratio of § : 1. 'H NMR (300
MHz, 23 "C, benzene-d,): § 1.41 (s, 6H, Me), 1.58 (s,
30H, Cp'), 8.0 = 7.2 (m, 10H, Ph). C{*H} NMR (68
MHz, 23 °C, benzene—d,): 8 10.6 (CsMes), 11.9 (SiMe),
96.6 (CsMes), 127.1 (Ph), 128.2 (Ph), 135.6 (Ph), 149.2
(Ph-ipso), 205.5 (CO). IR (KBr, cm™): 2898, 1899 v(i-
CO), 1477, 1427, 1379, 1261, 1236, 1087, 1029, 793.

trans-[(CsMe Ru(CO)],(u~SiPhMe)(u~-SiMe,) (rans-
17¢). Toluene (10 mL) and a 4 : 1 mixture of [Cp'Ru],(u~
n2-HSiPhMe)(u—n*~HSiMe,)(u~H)(H) (2h) and [Cp'Rufu-
H)],(u-SiPhMe)u—-SiMe ,) (3e) (0.145 g, 0.22 mmol) were



charged in a glass autoclave with 5 atm of carbon monox—
ide. The reaction vessel was heated at 120 ~C with
vigorous stirring for 5 h, and the solution color was
changed to bright yellow from pale orange. After the
solvent was evaporated under reduced pressure, yellow
residual oil containing trans-17e, [Cp'Ru(CO),], (19), and
other unidentified complexes was obtained. After the
yellow residual oil was dissolved in 4 mL. of pentane, and
the product was purified by the use of column chromato—
graphy on neutral alumina (Merck Art. 1097) with hexane.
Removal of the solvent under reduced pressure afforded
0.046 g of trans-17e as yellow solid (37 % yield).From
the 'H NMR spectrum 'H NMR (300 MHz, 23 °C, ben—
zene—dg): 0 1.08 (s, 3H, Me), 1.14 (s, 31, Me), 1.34 (s, 3H,
Me), 1.61 (s, 15H, Cp'), 1.74 (s, 15H, Cp"), 8.0 = 7.2 (m,
5H, Ph). IR (KBr, cm™): 2978, 2908, 1903 v(1-CO), 1479,
1427, 1379, 1263, 1236, 1089, 1071, 841, 793, 768, 663.

cis—{(CsMeg)Ru(CO)(u-SiPhH)], (cis-17f). A 50 mL
Schlenk tube was charged with toluene (10 mL) and Cp'~
Ru(u~H),RuCp' (1) (0.105 g, 0.22 mmol). The flask was
cooled at =78 * C with dryice/methanol bath, After 3.0
equiv of phenylsilane (80 4L, 0.65 mmol) was added with
vigorous stirring, the solution was slowly warmed up to
room temperature. The rcaction mixture was stirred for 5 h
at 25 "C. After the solvent and excess silanes were then
removed under reduced pressure, 0.148 g of a mixture of
sterco isomers of bis(u—silyl) complex [Cp‘Ru(u—n*-
HSiPhH)],(u~H)(H) (2j) was obtained. Because 2j could
not be separated from each isomers, characterization of 2j
did not be performed. The composition of 2j was con-
firmed by means of elemental analysis upon the mixture.
The orange residual solid was dissolved in 10 mL of
toluene, and charged in a glass autoclave with 7 atm of
carbon monoxide. The reaction vessel was heated at 140
° C with vigorous stirring for 3 h, and the solution color
was changed to bright yellow from pale orange. After the
solvent was evaporated under reduced pressure, the yellow
residual solid was dissolved in 4 mL of diethylether, and
the product was purified by the use of column chromato—
graphy on neutral alumina (Merck Ast. 1097) with diethyl-
ether. Removal of the solvent under reduced pressure
afforded 0.057 g of ¢is—17f as yellow solid (35 % yield).
'H NMR (300 MHz, 23 °C, chloroform-d): ¢ 1.89 (s, 30H,
Cp'), 6.56 (s, 2H, Jgy = 167 Hz, SiH), 7.9 - 7.3 (m, 10H,
Ph). C{'H} NMR (75 MHz, 23 °C, chloroform-d): ¢
11.0 (CsMes), 96.5 (CsMes), 127.0 (Ph), 128.0 (Ph), 135.1
(Ph), 146.2 (Ph-ipso), 204.7 (s, t-CO). IR (KBr, cm™):
3044, 2986, 2914, 2020 v(Si-H), 1939 v(t-CO), 1910 sh,
1481, 1426, 1379, 1096, 1026, 869, 828, 728, 696, 669.
Anal. Caled for C3,H,,0,Ru,Si,: C, 55.11; H, 5.71. Found:
C, 55.00; H, 5.76.

trans-[{CsMe;) Ru(CO)],(u-SiEty)) (u-CO)  (frans—18a).
Toluene (10 mL) and [Cp'Ru(u~n’~HSiEt,)],(u-H)(H) (2a)
(0.106 g, 0.16 mmol) were charged in a glass autoclave
with 10 atm of carbon monoxide. The reaction vessel was
heated at 150 ° C with vigorous stirring for 48 h, and the
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solution color was changed to bright yellow from pale
orange. The solvent was then evaporated under reduced
pressure. The yellow residual solid was dissolved in 4 mL
of pentane, and the product was purified by the use of
column chromatography on neutral alumina (Merck Art.
1097) with hexane. Removal of the solvent under reduced
pressure afforded 94.4 mg of frans-18a as orange solid
(83% yield). 'H NMR (300 MHz, 23 °C, chloroform-d): 8
1.1 - 1.4 (m, 10H, Et), 1.86 (s, 30H, Cp"). *C NMR (68
MHz, 23 °C, benzene~d): 6 9.9 (q, oy = 125.6 Hz, CHy),
10.5 (q, Joy = 127.4 Hz, CiMey), 16.2 (8, Joy = 119.3 Hz,
CH,), 100.0 (s, CsMes), 203.2 (5, t=CO), 263.1 (s, #~CO).
28i{'H} NMR (54 MHz, 23 "C, benzene~d,): § 221.2. IR
(KBr, cm™): 2960, 2908, 2864, 1909 v(t-CO), 1752 v(u-
C0), 1458, 1382, 1031, 991, 810, 735, 648, 597. FD-
MASS m/z = 644; Field-desorption mass spectrum was
recorded, and intensities of the obtained isotopic peaks for
C;H,05Ru,Si agreed with the calculated values within the
experimental error. Amnal. Caled for C,;H,(O;Ru,Si: C,
50.45; H, 6.27. Found: C, 50.38; H, 6.41.

trans-[(CsMe)Ru(CO)],(u~SiPhy) (u~CO) (frans-18b).
Toluene (10 mL) and [Cp'Ru{u—~H)],(u-SiPh,) (15a) (74
mg, 0.11 mmol) were charged in a glass autoclave with 8
atm of carbon monoxide. The reaction vessel was heated at
100 ° C with vigorous stirring for 6 h, and the solution color
was changed to bright yellow from dark ted. The solvent
was then evaporated under reduced pressure. The yellow
residual solid which was containing frans-18b and
[CpRu(CO),], (19) in the ratio of 10 : 3 was dissolved in 4
mL of toluene, and the product was purified by the use of
column chromatography on neutral alumina (Merck Art.
1097) with hexane/toluene. Removal of the solvent under
reduced pressure afforded 44 mg of frans-18b as yellow
solid (54 % yield). Crystallization from the pentane
solution of the crude mixture afforded a mixed-crystal of
trans-18b and 19 in the ratio of 2 : 1. '"H NMR (300
MHz, 23 °C, benzene-d,): d 1.63 (s, 30H, Cp?), 8.0 - 7.2
(m, 10H, Ph). *C{*H} NMR (76 MHz, 23 "C, benzene-
de): 8 9.8 (CsMes), 100.3 (CsMey), 127.5 (Ph), 128.9 (Ph),
138.3 (Ph), 150.1 (Ph-ipso), 205.3 (t-CO), 260.3 (u~CO).
26i{'H} NMR (54 MHz, 23 °C, benzene~d,): 6 210.7. IR
(KBr, em™): 3054, 2988, 2962, 2912, 1916 v(t-CQ), 1754
v(u—CQ), 1481, 1427, 1381, 1085, 1031, 702, 642, 603,
516. FD~-MASS m/z = 740; Ficld—desorption mass
spectrum was recorded, and intensities of the obtained
isotopic peaks for C3gH,0O4Ru,Si agreed with the calculat-
ed values within the experimental error.

trans—[(C sMem)Ru(CO)(u~SiEt,)], (trans-17a). Toluene
(10 mL) and [Cp'Ru(u—n2~HSiEL)],(e-H)(H) (2a) (0.221 g,
0.34 mmol) were charged in a glass autoclave with 2 atm
of carbon monoxide. The reaction vessel was heated at 150
°C with vigorous stirring for 20 h, and the solution color
was changed to bright yellow from pale orange. After
removal of the solvent under reduced pressure, the yellow
residual solid including trans-18a and small amount of
trans~17a was obtained. The residues were dissolved in 4
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mL of toluene, and complex frans-17a was separated from
trans—18a by the use of thin layer chromatography on
neutral alumina (Merck Art. 5788) with hexane. After
extracted with dichloromethane from the raked alumina on
the first spot, the solvent was evaporated under reduced
pressure, which afforded very small amount of yellow solid
(can not measured). Spectroscopic data about isolated
trans—17a was only obtained about 'H NMR and IR
spectra, 13C NMR spectra were measured at crude state
together with trans-18a. 'H NMR (300 MHz, 23 °C,
benzene—d,): § 0.8 — 1.6 (m, 20H, Et), 1.81 (s, 30H, Cp).
3C NMR (67.9 MHz, 23 °C, benzene~d,): 8 11.0 (q, J oy =
124.8 Hz, CHy), 11.7 (q, Joy = 127.4 Hz, CMe;), 18.5 (t,
Jen = 119.3 Hz, CH,), 97.2 (s, CsMes), 204.9 (s, t-CO).
IR (KBr, ecm™1): 2962, 2928, 2864, 1906 v(t-CO), 1458,
1378, 1262, 1029, 995, 806, 732, 696, 644,

cis—-[(CsMe)Ru(CO)] ,(u~SiEt,) (u—CO) (cis—-18a). THF
(14 mL) and [Cp'Ru(u—n-HSiEt,)],(u-H)(H) (2a) (0.190 g,
0.29 mmol) were charged in a glass autoclave with 7 atm
of carbon monoxide. The reaction vessel was heated at 100
° C with vigorous stirring for 48 h, and the solution color
was changed to bright yellow from pale orange. After
removal of the solvent under reduced pressure, the yellow
residual solid including frans—18a and small amount of
cis—18a (< 1 %) was obtained. The residues were dis—
solved in 4 mL of hexane, and complex cis-18a was sepa—
rated from frans—18a by the use of column chromatography
on neutral alumina (Merck Art. 1097) with hexane/toluene.
After the solvent was evaporated under reduced pressure,
which afforded very small amount of yellow solid (can not
measured). Spectroscopic data about isolated cis-18a was
only obtained about 'H NMR and IR spectra. H NMR
(300 MHz, 23 “C, benzene-d,): 6 1.2 - 1.5 (m, 10H, Et),
1.74 (s, 30H, Cp"). IR (KBr, cm™): 2960, 2904, 1949 v(t—
CO0), 1914 sh, 1742 v(u—CQO), 1454, 1379, 1027, 1002, 687,
656, 603, 522.

[(CsMeg)Ru(u-~D],u~SiPh,) (24a). Iodomethane (8 mL)
and [Cp'Ru(u-SiPh,)(u-H)], (3b) (0.118 g, 0.14 mmol)
were charged in a reaction flask. After stirred for 3 days at
23 °C, the color of solution was changed from dark red to
blue. The solvent was then removed under reduced
pressure. The blue residual solid was dissolved in 5§ mL of
toluene, and the product was purified by the use of column
chromatography on neutral alumina (Merck Art. 1097) with
toluene. Removal of the solvent in vacuo afforded 0.0818
g of 24a as blue solid (64 % yield). 'H NMR (300 MHz,
23 °C, chloroform—d): § 1.57 (s, 30H, Cp'), 7.3 - 8.4 (m,
10H, Ph). *C NMR (126 MHz, 23 °C, benzene-d,): d
11.2 (g, Joy = 127.7, CiMes), 84.8 (s, C:Mes), 128.0 (d,
Jcy = 158.7, Ph), 128.8 (d, Joyy = 159.5 Hz, Ph), 134.3 (d,
Jcy = 158.7 Hz, Ph), 150.3 (s, Ph—ipso). #Si{*H} NMR
(54 MHz, 23 °C, benzene—d,): 6 282.7. IR (KBr, cm‘l):
3046, 2962, 2906, 1970, 1920, 1844, 1376, 1088, 1027,
741, 706, 515. FD-MASS m/z = 910; Field-desorption
mass spectrum was recorded, and intensities of the obtained
isotopic peaks for Cy,H,I,Ru,Si agreed with the calculated
values within the experimental error. Anal. Calcd for
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Cy,Hyel,Ru,Si: C, 42,305 H, 4.90; 1, 27.93. Found: C,
42.09; H, 4.44; 1, 26.04.

[(CsMeg)Ru(u-1)],(u~SiPhMe) (24b). Iodomethane (5
mL) and [Cp'Ru(u-SiPhMe)u-H)], (3b) (17.5 mg, 0.024
mmol) were charged in a reaction flask. After stirred for 3
h at 23 °C, the color of solution was changed from dark red
to blue. The solvent was then removed under reduced
pressure. The blue residual solid was dissolved in 1 mL of
toluene, and the product was purified by the use of column
chromatography on neutral alumina (Merck Art. 1097) with
toluene/hexane. Removal of the solvent in vacuo afforded
0.0145 g of 24b as blue solid (59 % yield). 'H NMR (300
MHz, 23 °C, chloroform-d): 8 1.56 (s, 3H, Me), 1.65 (s,
30H, Cp'), 8.0 — 7.3 (m, 5H, Ph). *C NMR (126 MHz, 23
"C, chloroform—d ): 6 11.6 (q, Joy = 128.8, CsMey), 14.7
(4, Jcg = 120.4 Hz, Me), 84.2 (s, CsMes), 127.6 (d, Sy =
162.7, Ph), 129.02 (d, Joy = 157.6 Hz, Ph), 129.04 (d, J oy
=157.6 Hz, Ph), 132.3 (d, Joy = 155.1 Hz, Ph), 141.7 (d,
Jey = 160.8 Hz, Ph), 152.4 (s, Ph-ipso). °Si{'H} NMR
(54 MHz, 23 "C, benzene—d,): 6 294.2.

Reaction of [Cp'Ru(u~1)],(u~SiPh,) (24a) with lithium
under 1 atm of hydrogen. Tetrahydrofuran (10 mL),
lithium (10.5 mg, 1.5 mmol), and {Cp‘Ru(u-1)],(u~SiPh,)
(24a) (0.113 g, 0.12 mmol) were charged in a reaction
flask. And the suspension was stirred under 1 atm of
hydrogen at 23 " C. After stirring for 10 h, the color of
solution turned from dark blue to red. After lithium and
salt were removed by filtration, the sclvent was evaporated
under reduced pressure, The products were dissolved in 10
mkL of toluene, and then washed with 20 mL of aqueous
sodium thiosulfate (0.037 mol/L) three times. The products
was purified by the use of column chromatography on
neutral alumina (Merck Art. 1097) with toluene. Removal
of the solvent afforded 12.5 mg of red residual solid
including [Cp'Ru(u-H)],(4—SiPh,) (15a; 20 % by 'H
NMR), Cp'Ru(u~H),RuCp' (1; 54 %), and unidentified
complexes. Complex 15a was also obtained from the
reaction of 24a with NaBH,, but the yield was small, too.

Reaction of [Cp'Ru(u-I)](u—SiPh,) (24a) with lithium
under 1 atm of carbon monoxide. Tetrahydrofuran (10
mL), lithium (38.0 mg, 5.5 mmol), and [Cp'Ru(u-1)] ,(u-Si-
Ph,) (24a) (0.192 g, 0.21 mmol) were charged in a reaction
flask. And the suspension was stirred under 1 atm of
carbon monoxide at 60 " C. After stirring for 10 h, the
color of solution was not changed. After lithium and salt
were removed by filtration, the solvent was evaporated
under reduced pressure. By the use of column chromato-
graphy on neutral alumina (Merck Art. 1097) with tluene,
0.100 g of 24a was recovered (52 %). And Cp'Ru(CO),(D)
was collected from the second yellow band in the column.
Removal of the soivent afforded 31.5 mg of Cp'Ru(CO),(I)
as yellow solid (18 %). 'H NMR (300 MHz, 23 °C, ben—
zene—d): 8 1.53 (s, 15H, Cp). C NMR (76 MHz, 23 °C,
benzene—d): 6 10.3 (CsMes), 100.0 (CsMey), 199.9 (t~CO).
IR (KBr, em™): 2970, 2916, 2022, 1961, 1937 sh, 1073,



1379, 1023, 553, 509. Anal. Calcd for C;,H, IRu: C,
34.38; H, 3.61; 1, 30.27. Found: C, 34.89; H, 3.65; I, 34.54.
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Chapter 6.

[(CsMeg)Ru(u-H)],(u-SiPh,CH=CHSiPh,) (21a).
Toluene (25 mL) and [Cp'Ru(u-SiPh)(u-H)], (3b) (0.440
g, 0.52 mmol) were charged in a reaction flask under 1 atm
of acetylene. The reaction mixture was stirred for 6 h at 80
" C. The color of solution was changed to purple from
brownish red. The solution was then condensed in vacuo
and purified by the use of column chromatography on
neutral alumina (Merck Art. No. 1097) with hexane/toluene.
Removal of the solvent under reduced pressure afforded
0.387 g of purple solid (85 % yield). 'H NMR (300 MHz,
23 °C, benzene-d ). § 7.48 — 7.38 (m, 8H, Ph), 7.12 ~7.00
(m, 12H, Ph), 6.15 (s, gy = 13 Hz, 2H, CH), 1.89 (s,
15H, CsMes), 1.01 (s, 15H, CMes), —14.30 (s, 2H, Ruf).
B3¢ NMR (126 MHz, 23 °C, benzene—d): 0 148.7 (s, Ph-
ipso), 142.0 (s, Ph—ipso), 137.6 (d, Joy = 156.4 Hz, Ph),
136.0 (d, Jo;y = 156.4 Hz, Ph), 126.8 (d, Joy = 158.3 Hz,
Ph), 126.7 (d, Jo = 1574 Hz, Ph), 126.6 (d, Jopy = 156.4
Hz, Ph), 126.2 (d, J oy = 156.4 Hz, Ph), 95.8 (s, CsMey),
92.5 (d, Jog = 145.9 Hz, CH), 85.1 (5, CsMey), 12.2 (g, Joy
= 126.8 Hz, CMey), 9.6 (q, Joyy = 127.2 Hz, CsMes). Bg;
NMR (54 MHz, 23 °C, benzene~dg): ¢ 4.6 (br). IR (KBr,
em™b): 3062, 3042, 2980, 2954 v(=CH), 2938 v(=CH),
2902, 1427, 1377, 1087, 1027, 739, 700, 681, 538, 495.
Anal. Caled for C,Hg,Ru,Siy: C, 63.86; H, 6.29. Found: C,
63.67; H, 6.16.

[(C;Me ) Ru(u~H)],(u-SiPh,CD=CDSiPh,;) (21a-d,).
Toluene (25 mL) and [Cp'Ru(u—SiPh,)(u-H)], (3b) (78.3
mg, 0.093 mmol) were charged in a reaction flask under 1
atm of acetylene—d,. The reaction mixture was stirred for 6
h at 80 "C. The solution was then condensed in vacuo and
purified by the use of column chromatography on neutral
alumina (Merck Art. No. 1097) with hexane/toluene.
Removal of the solvent under reduced pressure afforded
64.7 mg of purple solid (80 % yield). 'H NMR (300 MHz,
23 °C, benzene-d,): d 7.48 -7.38 (m, 8H, Ph), 7.11 - 7.10
(m, 12H, Ph), 1.89 (s, 15H, CsMey), 1.01 (s, 15H, CMey),
-14.30 (s, 2H, RuH). IR (KBr, cm™): 3060, 3044, 2978,
2904, 2214 v(=CD), 2178 v(=CD), 1425, 1377, 1089, 1025,
739, 700, 681, 524.

[(CsMeg)Ru(u~H)1,(u—SiPhMeCH=CHSiPhMe) (21b-
syn—-1). Toluene (10 mL) and [CpRu(u-SiPhMe)(u-H)],
(3d-syn/anti) (56.4 mg, 0.079 mmol) were charged in a
reaction flask under 1 atm of acetylene. The reaction
mixture was stirred for 10 h at 100 ° C. The color of
solution was changed to brown from red. Removal of the
solvent under reduced pressure afforded brown residual oil
containing 21b-syn~I and some unidentified complexes
and hydrocarbons. 21-syn—1 was purified by the use of
column chromatography on neutral alumina (Merck Art.
No. 1097) with hexane/toluene. Although 21b-syn-1 was
main component of the mixture (ca. 30 % based IH NMR),
21b was partly decomposed on alumina. So, we could not
obtained sufficient amounts of 21b for measuring *C and
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2gi NMR. Only spectroscopic data obtained up to date
was 'H NMR spectrum, but the structure was confirmed by
means of X-ray single—crystal diffraction studies upon a
purple prismatic crystal prepared by the crystallization in
cold pentane. 'H NMR (300 MHz, 23 °C, benzene—d,): &
7.7 = 7.1 (m, 10H, Ph), 5.96 (s, Yy = 14.0 Uz, 211, CH),
1.94 (s, 15H, CsMey), 0.91 (s, 611, Me), 0.88 (s, 15H,
CiMes), —13.64 (s, 2H, RuH).

Reaction of [Cp'Ru(u-SiPhMe)(u-H)1, (3d-syn/anti)
with acetylene at 20 “C. Toluene (10 mL) and {Cp'Ru(u—
SiPhMe)(u-H)}, (3d-syn/anti) (0.101 g, 0.14 mmol) were
charged in a reaction flask under 1 atm of acetylene. The
reaction mixture was stirred for 10 h at 20 *C. The color
of solution was changed to brown from red. Removal of
the solvent under reduced pressure afforded brown residual
oil containing 21b-syn-1, 21b—syn-2, 21b-anti, and un-
reacted 3d with some unidentified complexes and hydrocar—
bons. The 'H NMR spectrum revealed the ratio among
syn—1, syn-2, and anti was 5 : 3 : 4. Although an iso~
lation of 21b-syn-2 and 21b~an#i was lacked, assignment
of the 11 signals for Cp', RuH, and CH could be done as
follows; 'H NMR (300 MHz, 23 “C, benzene~d,): (21b-
syn-2); ¢ 6.14 (s, 2H, CH), 1.89 (5, 15H, CsMejs), 1.12 (5,
15H, CiMes), -14.99 (s, 2H, RuH). (21b-anfi); § 6.04 (s,
1H, CH), 6.02 (s, 1H, CH), 1.97 (s, 15H, CsMey), 1.32 (s,
6H, Me), ~13.7 (br, 1H, RuH), -14.7 (br, 1H, RuH).

[(CsMeg)Ru(u~-H)] ,{u~SiPh,CH=CHSiFR{(OH)} (21c-1).
Toluene (10 mL) and [Cp'Ru(u—H)],(4-SiPh,){u~SiPh~
(OH)} (3f) (0.133 g, 0.17 mmol) were charged in a reaction
flask under 1 atm of acetylene. The reaction mixture was
stirred for 3 min at 60 ° C. The color of solution was
changed to dark green from brownish red. The solution
was then condensed in vacuo and purified by the use of
column chromatography on neutral alumina (Merck Art.
No. 1097) with THF. Removal of the solvent under
reduced pressure afforded 0.067 g of purple solid (49 %
yield). 'H NMR (300 MHz, 23 °C, benzene~d,): 6 7.7 -
7.0 (m, 15H, Ph), 6.34 (d, Jyyy = 10.7 Hz, 1H, CH), 5.91
(d, Jyy = 10.7 Hz, 1H, CH), 1.92 (s, 15H, CsMey), 1.11 (5,
15H, CsMej), —12.50 (br, 2H, RuH), a signal for OH was
not found in the spectrum. BC NMR (75 MHz, 23 °C,
benzene-dg): § 149.0 (s, Ph—-ipso), 144.3 (s, Ph-ipso),
141.6 (s, Ph~ips0),137.6 (d, J o = 156.6 Hz, Ph), 136.2 (d,
Jen = 156.1 Hz, Ph), 96.1 (s, CsMes), 94.3 (d, Joy = 144.1
Hz, CH), 93.7 (d, Joy = 141.7 Hz, CH), 84.9 (s, CsMeg),
12.1 (q, Je = 127.0 Hz, CMes), 10.0 (g, J oy = 127.5 Hz,
CsMe;), because the signal for phenyl carbon was obscured
by the strong solvent peaks, all of resonances could not be
found. ZSi{'H} NMR (54 MHz, 23 °C, benzene—d,): 4 1.8
(SiPh,), 22.4 (SiPROH). IR (KBr, cm™): 3636 v(OH),
3408, 3044, 2904, 2042 v(Ru-H), 1582, 1454, 1426, 1377,
1323, 1259, 1093, 1027, 893, 800, 736, 701, 422. FD-
MASS m/z = 806; The ficld—~desorption mass spectrum was
recorded, and intensities of obtained isotopic peak for
C,oHsqORu,Si, agreed with the caluculated values within
the experimental error.
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[(CsMe)Ru(u~H)],{u~SiPh,CH=CHSiPh(OH)} (21c-2).
Toluene (10 mL) and [Cp'Ru(u-H)],(u—SiPh,){x~SiPh-
(OH)} (3f) (0.134 g, 0.17 mmol) were charged in a reaction
flask under 1 atm of acetylene. The reaction mixture was
stirred for 36 h at 60 “C. The color of solution was
changed to dark purple from brownish red. The solution
was then condensed in vacuo and purified by the use of
column chromatography on neutral alumina (Merck Art.
No. 1097) with diethylether. Removal of the solvent under
reduced pressure afforded 0.107 g of purple solid (77 %
yield). 'H NMR (300 Mllz, 23 “C, benzene—d,): 6 8.0 -
7.0 (m, 15H, Ph), 6.13 (d, Jiy; = 10.4 Hz, 1H, CI), 5.62 (d,
Jun = 10.4 Hz, 1H, CH), 1.91 (br, 1H, OH), 1.79 (s, 15H,
CsMes), 1.03 (s, 15H, CsMey), —12.88 (br, 1H, Rufd),
-15.34 (br, 1H, RuH). ®C NMR (75 MHz, 23 "C, ben-
zene—d,): 0 148.1 (s, Ph—~ipso), 146.6 (s, Ph—~ipso), 144.4 (s,
Ph~ips0),137.9 (d, Joy = 157.6 Hz, Ph), 136.1 (d, Joyy =
157.4 Hz, Ph), 136.0 (d, J¢yy = 156.5 Hz, Ph), 95.8 (s,
CsMes), 92.1 (d, J oy = 148.5 Hz, CH), 91.9 (d, J oy = 144.7
Hz, CH), 85.3 (s, CsMes), 11.6 (q, J oy = 127.1 Hz, CsMey),
9.8 (q, Joyq = 127.6 Hz, CsMes), because the signal for
phenyl carbon was obscured by the strong solvent peaks, all
of resonances could not be fcund. ®Si{’H} NMR (54
MMz, 23 “C, benzene—d,): § 1.8 (SiPh,), 25.4 (SiPhOH).
IR (KBr, cm™): 3620 v(OH), 3044, 2960, 1611, 1580,
1450, 1427, 1377, 1319, 1098, 1027, 909, 808, 706, 532.
FD-MASS my/z = 8006; The field—desorption mass spectrum
was recorded, and intensities of obtained isotopic peak for
CyoHsgORu,Si, agreed with the caluculated values within
the experimental error.

[(CsMes)Rul,{u—n2~HSiPhy) {u~SiPh,(CH=CH,) } (u-H)-
(H) (22a). Toluene (10 mL) and Cp'Ru(u—SiPh,CH=CH-
SiPh,)(u-H),RuCp' (21a) (76.0 mg, 0.088 mmol) were
charged in a glass autoclave with 5 atm of hydrogen. The
reaction vessel was stirred at 25 *C for 24 b, and the color
of solution was changed from purple to orange. After
removal of the solvent in vacuo, the residue was dissolved
in 3 mL of pentane and purified by the use of column
chromatography on neutral alumina (Merck Art. No. 1097)
with hexane/toluene. Removal of solvent under reduced
pressure afforded 65.8 mg of orange solid (86% yield). 'H
NMR (500 MHz, 23 °C, benzene—d): 8 8.2 — 7.0 (m, 20H,
Ph), 1.89 (d, Ji; = 11.2 Hz, 1H, -CH=CHH), 1.83 (dd, Jyy,
= 14.4, 2.4 Hz, 1H, -CH=CHH), 1.64 (s, 15H, CsMey),
1.44 (dd, iy = 14.4, 11.2 Hz, 1H, -CH=CH,), 1.36 (s,
15H, CsMej), ~10.16 (br, Jg;y = 48 Hz, 1H, RuHSi),
-14.59 (s, 1H, RuHRu), -18.41 (s, 1H, Ruf). C NMR
(126 MHz, 23 °C, benzene—-d): 6 147.6 (s, Ph—ipso), 146.9
(s, Ph~ipso), 146.7 (s, Ph—ipso), 146.2 (s, Ph—ipso), 138.02
(Ph), 138.00 (Ph), 137.4 (Ph), 135.9 (Ph), 128.3 (Ph), 128.1
(Ph), 127.7 (Ph), 127.6 (Ph), 127.1 (Ph), 126.9 (Ph), 126.8
(Ph), 126.4 (Ph), 94.5 (s, CsMes), 92.7 (s, CsMeg), 55.7
(dd, Joy = 154.5, 158.3 Hz, SiCH=CH,), 48.3 (d, Joy =
140.2 Hz, SiCH=CH,), 11.8 (q, Joy = 126.5 Hz, CsMe),
10.9 (q, Jo = 127.5 Hz, CsMes). #Si NMR (54 MHz, 23
" C, benzene—d e INEPT): 6 121.9 (d, Jgy = 47.5 Hz, ,u—qz—
HSiPh,), 18.5 (s, SiPh,CH=CH,). IR (KBr, cm™): 3064,
3048, 2992, 2960, 2902, 2028 v(Ru-H), 1750 v(Ru-H-Si),



1483, 1454, 1427, 1377, 1093, 1027, 753, 700, 501. Anal.
Caled for C, Hg Ru,Si,: C, 63.71; H, 6.51. Found: C,
63.23: 11, 6.18. A 2D-HH-COSY experiment shows a
cross peak between the hydride signal at 6 =10.16 and
—14.59 and the signal for the vinyl group. Irradiation at ¢
-10.16 changes the shape of the signal at 0 1.81 from a
doublet of doublets to a doublet. Irradiation at -14.59
changes the shape of the siganl at 1.44 slightly. While it
was proved that the S—proton coupled with the hydride,
geminal coupling with the other S-proton could not be
observed.

Reaction [Cp'Ru(u-SiPh,) (u~H)], (3b) with ethylene.
Toluene (10 mL) and [Cp'Ru(u—SiPh,)(u-H)], (3b) (0.101
g, 0.12 mmol) were charged in a glass autoclave with 10
atm of cthylene. The reaction vessel was heated at 140 ‘C
with vigorous stirring for 3 days, and the solution turned
from dark red to brownish red. Removal of the solvent in
vacuo afforded 0.104 g of residual cil including 22a (30
%), and two unidentified products, A and B. Unreacted 3b
was recovered from the solution by washing with pentane
(39.8 mg; 40 % ). The pentane-solution was then con-
densed under reduced pressure, and purified by the use of
column chromatography on neutral alumina (Merck Art.
No. 1097) with hexane/toluene. 22a and A whose Cp’
signal appeared at d 1.43 was isolated, respectively.
Although B whose Cp' signal appeared at § 2.04 and 0.83
could not be isolated.

[(CsMey)Rul,(u~n*~HSiPhMe){u-SiPhMe(CH=CH ,)} (u~
H)(H) (22b). Toluene (10 mL) and {Cp'Rufu-SiPhMe)(u—
H)], (3d-syn/anti) (95.4 mg, 0.13 mmol) were charged in a
glass autoclave with 6 atm of ethylene. The reaction vessel
was heated at 120 °C with vigorous stirring for 24 b, and
the solution turned from purple to red. Removal of the
solvent in vacuo afforded 0.103 g of residual blue solid
mainly including 22b. Because 22b decomposed on
alumina, only a little amount of pure 22b was obtained. It
was, however, sufficient enough to measure the 'H NMR
spectrum. Though only 'H NMR spectrum was measured
for 22b, the similarity of the signals suggested that 22b was
s—~vinylsilyl complex like 22a. 'H NMR (300 MHz, 23 °C,
benzene-dg): 6 8.4 — 7.2 (m, 10H, Ph), 1.87 (15H, s,
CiMes), 1.48 (15H, s, CsMes), 1.12 (s, 3H, SiMe), 0.97 (d,
3H, SiMe(CH=CI1,)), -10.37 (s, RufASi), ~14.81 (s, 1H,
Ruff), —18.91 (s, 1H, RuHRu) vinylic protons were
obscured by the signals for Cp' ligand or impurity.

Reaction of [Cp'Ru(u-H)],(u~SiPh,CH=CHSIiPh,) (21a)
with carbon monoxide. Toluene (10 mL) and [Cp'Ru(u-
H)],(¢-SiPh,CH=CHSiPh,) (21a) (47.2 mg, 0.055 mmol)
were charged in a reaction flask under 1 atm of carbon
monoxide. The reaction mixture was stirred for 2 days at
90 °C. The color of solution was turned to yellow from
purple. Removal of the solvent under reduced pressure
afforded yellow solid of cis—[Cp'Ru(CO)u~SiPh,)], (cis-
17b) (100 %).
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Pyrolysis of [Cp'Ru(u~H)],(u-SiPh,CH=CHSiPh,) (21a)
with or without PMe,. The solution of [Cp'Ru(u—H)],(u-
SiPh,CH=CHSiPh,) (21a) was heated in a sealed NMR
tube. Though there was no pronounced change in the
spectrum below 70 °C, complex 21a was completely
decomposed when heated at 110 °C for 10 h. Among
many unidentified products, reproduce of small amount of
[Cp'Ru(u—SiPh,)(u~H)], (3b) was recovered. When heated
with 9 equiv of PMe, in toluene at 110 °C, the decomposi-
tion of 21a was slightly suppressed. After 10 h conversion
was S0 %, and selectivity for 3b was 20 % after 10 h
heating (by 'H NMR).

[(CsMeg)Ru(u—-SiPhMe)l,(PMe;) (=C=CH,) (23).
Toluene (10 mL) and [Cp'Ru(u—SiPhMe)] (PMe,)(I), (20)
(0.209 g, 0.26 mmol) were charged in a reaction flask
under 1 atm of acetylene. The reaction mixture was stirred
for 2 days at 25 “C. Removal of the solvent under reduced
pressure afforded 0.193 g of the mixture including 23 (80
% vyield detrmined by 'H NMR). Pure 20 was obtained by
crystallization from cold pentane. 'H NMR (500 MHz, 23
°C, benzene-d,): 6 7.8 — 7.2 (m, 1011, Ph), 3.25 (s, 2H,
=C=CH,), 1.74 (s, 15H, CsMe,), 1.37 (d, 9H, J, = 8.0 Hz,
PMe), 1.35 (d, 15H, Jyp = 1.3 Hz, CsMey), 0.96 (s, 6H,
SiMe). *C NMR (68 MHz, 23 "C, benzene—d): 6 327.5
(s, =C=CH,), 153.0 (s, Ph-ipso), 136.1 (d, /oy = 156.4 Hz,
Ph), 127.2 (Ph), 126.7 (Ph), 98.4 (s, C5Mes), 94.2 (s,
CsMeg), 914 (t, Jo = 160.2 Hz, =C=CH,), 24.3 (dq, Joyy =
128.8 Hz, Jp = 27.7 Hz, PMe), 18.0 (dq, Joy = 119.2 Hz,
Jpg = 5.7 Hz, SiMe), 11.09 (q, J oy = 126.8 Hz, CsMe;),
11.07 (q, J oy = 126.8 Hz, CsMey). Si{'H} NMR (54
MHz, 23 °C, benzene~d): 6 213.1 (d, Jgp = 19.2 Hz). IR
(KBr, cm™): 3048, 2960, 2898, 1593 v(=C=C), 1474, 1425,
1376, 1300, 1279, 1260, 1227, 1083, 1026, 945, 782, 732,
710, 650. Anal. Caled for C;gHg,PRu,Si,: C, 57.46; H,
7.05. Found: C, 57.67; H, 7.39.

Synthesis of acetylene~d,. A 500 mL flask equipped with
a dropping funnel and a rubber balloon (3 L) was charged
with calcium carbide (13.1 g, 0.20 mmol). The dropping
funnel was charged with D,0 (10.0 mL, 0.5 mol), then D,0
was slowly added to the CaC, with vigorous stirring.
Obtained acetylene-d, was dried over H,80, / NaOH
before use.



TRVT o LABEKICLAHBY A RENOERLNL

References.

(1) (a) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Moro-oka, Y. Organomerallics 1988, 7, 2243. (b) Suzuki,
H.: Omori, H.; Moro—oka, Y. Organometallics 1988, 7, 2579. (c) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.;
Fukushima, M.; Tanaka, M.; Moro-oka, Y. Organometallics 1994, 13, 1129.

(2) Suzuki, H.; Kakigano, T.; Igarashi, M.; Tanaka, M.; Moro—oka, Y. J. Chem. Soc., Chem. Commun. 1991, 283.
(3) Kakigano, T. Ph. D. Thesis, Tokyo Institute of Technology, 1991.
(4) Amako, M.; Takao, T.; Suzuki, H. unpublished results.

192



e

6.

10.

11.

12.

1991.3. HAMFLFEOARRFE (R
TAREREEF OB T = LR O AR E £ DG (3G348)
BRI, HMBE

1991.10. FE3sMEKEBILFMEEs LD
TARBBAEET B 2T LERD AR E Z DRIGHE (A202)
SAREIR, FHRETF, #HMBE

19923. HALFERHIEFFR (KB
2ENT LT RS E R NEREE B N YT UV BEDKIL (2C237)
ST, HiRE

1992.10. MERE FE)
p=V VB LD u- ) U VERLFRHT 5 2BV T 20 MR O G RE RUG (4F205)
BATER, HYPET #BREE

1992.10.  EIEEHREFALLHREES G
WA A RERLARBT 5 28T 20 LERD T o b VRS RRUE (PA206)
WAER, SHE HPIET

1993.3.  HA(L¥ELFEesESRFE (FR)

7o b BRI EBANFAUEER-u-v ) VUV T2 LR D A E DR IGH
(2E218)

SAER, HHE HPIES

1993.9.  The 7th IUPAC Symposium on Organo—Metallic Chemistry directed toeards
Organic Synthesis (OMCOS 7) (##H)

The Reaction of Dinuclear Ruthenium Tetrahydride Complex Cp'Ru(u-H),RuCp' with

Silanes; an Oxidative Addition of Silanes Yielding Dinuclear Complexes Having Bridging

Silyl Ligands (98B)

Hiroharu SUZUKI, Masako TANAKA

1993.11. FHAlERT A ZMEMLE Y VRV L (E)
BRI T LKL B VS UBIOEML 1)

BATIS

1994.3.  AAMLFRBIRZES G
Vtert-7 FIVV T 0 E2BNTZD LE R FEEKEDRIS (3H227)
BARTIG, SH% HPIET

1994.7.  The 30th International Conference on Coordination Chemistry (ICCC) (5i#5)
Synthesis and Reactivities of Diruthenium Complexes Having Bridging Silicon Ligands
(PS2-21) :

Hiroharu SUZUKI, Shigeru YOSHIDA, Masako TANAKA

1994.10. AAMLZERFESMBFES (BHE)
Si-Ph A OBREZED "MV T =0 LEZ(u-V ) U )R O AR & Z DIUIGHE (2B414)
BARER, HHEK, HPET

1994.10. F41NEHESRBIF R (KB

BEE Y U VEFEE TS 2L T = LR RD AR E £ DRIGHE: ; Ru-Si FENDA
FaRRALKFDOBIRIISTA (A219)

SAREIL, HFES '

193



13. 1994.11. The Sendai International Symposium on The Frontiers of Organosilicon
Chemistry (filif5)
Insertion of Acetylene into the Ru-Si Bond of the Bis(u-silylene) Complex [Cp'Ru(u-
SiR,)(u-H)],. Synthesis and Structure of a 2,5-Disilaruthenacyclopentene Complexes
(P41)
Hiroharu SUZUKI, Masako TANAKA

14. 1994.11. The Sendai International Symposium on The Frontiers of Organosilicon
Chemistry (filif3)
Nucleophilic Displacement Reaction on Bridging Silicon Ligand to Yield [Cp'Ru(u-H)],(u-
SiPh,){u~SiPh(OCOCF;)} (P42) ‘
Hiroharu SUZUKI, Shigeru YOSHIDA, Masako TANAKA

15. 1994.12. JSPS/NUS Joint Seminar on Inorganic and Organometallic Chemistry (R0
Novel u-Silyl and u-Silylene Complexex of Ruthenium. The Si-H and Si-C Bond
Activation in Cooperation with Two Metal Centers
Hiroharu SUZUKI

e

Synthesis and Reactivities of Dinuclear #-Silyl Complexes of Ruthenium having Three—centre
Two—electron Ru—H-Si Interactions. Hiroharu Suzuki, Toshiro Takao, Masako Tanaka, and
Yoshihiko Moro—oka, J. Chem. Soc., Chem. Commun. 1992, 476.

Inscrtion of Acetylene into The Ru-Si Bond of a Bis(u—Silylene) Complex. Synthesis and
Structure of a 2,5-Disilaruthenacyclopenetene Complex. Toshiro Takao, Hiroharu Suzuki, and
Masako Tanaka, Organometallics 1994, 13, 2554.

Synthesis, Characterization, and Reactivities of Diruthenium Complexes Containing p-Silane
Ligand, and Structural Studies of u-Silane Complex [Cp‘Ru(CO)]Z(,u—n?‘:nZ—HZSi‘BuZ). Toshiro
Takao, Shigeru Yoshida, Hiroharu Suzuki, and Masako Tanaka, Organometallics in press.

Reactions of Diruthenium Complex (C-Me<)Ru(u-H) Ru(C;Me;) with Tertiary Silanes Containing
Phenyl Groups; Produce of u-Silylene Complexes via a Si-C Bond Cleavage of Ph;SiH,
Ph,MeSiH, and PhMe,SiH. Toshiro Takao, Hiroharu Suzuki, and Masako Tanaka, manuscript
in preparation.

Synthesis, Structure, and Property of Dinuclear Ruthenium Complexes Having x-Silyl and u-
Silylene Ligands; The Reaction of Dinuclear Ruthenium Tetrahydride Complex (CsMes)Ru(u-
H),Ru(CsMes) with Secondary Silanes R,SiH,. Toshiro Takao, Hiroharu Suzuki, and Masako
Tanaka, manuscript in preparation.

194



AEF

AREAB I ICHID . HEEEEICEE LOSEEHD D & LA RERIEL
LR U B E S,

KEBFEANEAIIWR. FAEEEOETREBHFIZAL Y, OO OB L LiFEd, /.
X BREE T A ATIL 9 12 5 1 0 EEMLEIIFEN O A IE 7541 AE B IR b s e U
TEDFT, FTEFROPHMAE. = LIFEE, LAHEZ. SHEMREEOERKIZIT NMR
RERRLfELE TN KEERH L TBVET,

BLLRDBITH Y FTLFRETFEROHEN BEAR. BWILBEENAR. BREZFREL
L BEIREREEIIARE BRI £ U, /o, #M - JLEFRZOFRIIGTRSTO
HTHEHEICTVEH L TE T, o

BA (E) BREOEBICIAREXRBZENM D EBOETH (EIKH) . KHIKRTW
EOTETHEHULTE Y, AINREOE L 2HEOEMAKE, Bt L EQRFHER, 44F
HEDORKRBLBIRERTESE E LT, ThENhF4 VRO RIG. E=Vy T VEORIG
BAER AT 4 NEALFAEET 5 2R LTORIGERY UTWcli&E Uic, RALBBNK
THHD. DI UDEERBEL - BRETA T4 TIHLTEXAILEDLT I Y LERE S
LTh0ET, 20416 b AETES LVEREIE ONIORBARLTRULBY TTA, BS
ICESTHRERBINTH D, $/BH L THOET,

RARIZI D & Uicht, AR BEAFHRBL 0RO b SIiTEbhi bDOTH Y AR
SUTHEHLER L LTET,

195



