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%1 EAMEEEERTE -BBEBI SR —ICKPETIVE-

[ AR 2 N T2 RO OTERME 72 13RI 2 8 00 5 72 OIS 1E, BSOS 2SEF T 2 [E IRl 0 428
R CERT HLFREC, SOFRBRICEATAMANEE L 2%, SEEHROEREHRD Z &
INTE DX IRfRAT FIEDNHENL S TR Y . A —Y =0 (AES) TidkKm DIk OfEE
EBE ., AT kA A B BESHTE (TOF-SIMS) TR O+ OfEEIEHRCTTHE L, X
MICE T (XPS) TIIERICFIET DDA R EMD Z ENTE D, T LR
NTREZBETE DEEM b o R/VEMKEE (STM) LI VSR TWAS R, &REHR OO
FER7Z U CREALFE O KGEZ FEMICIAR S Z IR CTH O . B RESEL LN TE
LHEBERBILEMOIGEEBEICT D2 LT — 2 O™ Thh T D, 1

BEOBBERIMEFRE A TROMT SN BBER Y 7 2% —13, &RFHOLFERAEDE
FERRTZENTED, _oPUd Rh(A11) HEISx LT 3 [mlEldsih Ao s+
HZEMHALNITEINTWNDD, 162 =4 R I 7 AR ECH REEZEAIZ D R S Tn
% (Figure 1-1-1), 3

(@) (b)

(CO);3

(CO)3 (CO)3

Figure 1-1-1. (8) @@ &K Lo P (b)) ZE LoX P

Figure 1-1-1. (b) ITR L7= &k 572 2O I NVR = VENE BN LT BB AR Y T A% —% T
NWR=ZNT TAB—EWES, IIVR=V T T AR —TEBBR Y 7 A X —DETIE bl
TEY, @RERTFOBRDOEIZE 7o TERA BRI TT AX U BRI T 5 Z L bRINTND
(Figure 1-1-2), 4 ZA 5 OEIERIT. TR U NEBRELRE O XRMBICIHFET D L& 0E
T B EBZHITWA,

Ph Ph Ph E
X c/ i c—c¢ t\c /Et
< —C.. C—, co
oc— //\\ €0 o) //_\/_I (o) (c0)z/ \/\_/_\;(i /\ (co),
: : oc_\/.~ co
oc/ \co oc/ \co N v \cr e~
(O €9k (coy,

Figure 1-1-2. IIVAR= V7 T A X — EO T )V ENLT-

1 (a) Muetterties, E. L.; Rhodin, T. N.; Band, E.; Brucker, C. F.; Pretzer, W. R. Chem. Rev. 1979, 79, 91-137. (b) Gates, B. C.
Angew. Chem. Int. Ed. Engl. 1993, 32, 228-229. (c) Zaera, F. Chem. Rev. 1995, 95, 2651-2693. (d) Bradshaw, A. M. Surf. Sci.
1995, 331-333, 978-988.

2 Van Hove, M. A;; Lin, R.; Somorjai, G. A. Phys. Rev. Lett. 1983, 51, 778-781.

3 Gomez-Sal, M. P,; Johnson, B. F. G; Lewis, J.; Raithby, P. R.; Wright, A. H. J. Chem. Soc., Chem. Commun. 1985,
1682-1684.

4 (a) Sly, W. G. J. Am. Chem. Soc. 1959, 81, 18-20. (b) Dahl, L. F.; Smith, D. L. J. Am. Chem. Soc. 1962, 84, 2450-2452. (c)
Blount, J. F.,; Dahl, L. F.; Hoogzand, C.; Hubel, W. J. Am. Chem. Soc. 1966, 88, 292-301.
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AT UNRTIF L E LT Oz HIZENL LT VR =17 T AKX =% Deeming HIZE V&
Ekéﬂfb\éo ZDA T BRI Figure 1-1-3 (2R T L D1IZ Oss maBEIT5 Z L0386
IEINTWD, 5 [ERREINZREI DAY REBGE Y 7 A —CRIEINTERY ., EBeRE Y
71&%Lf®ﬁﬁéﬁiﬁﬁﬁﬁLM%&%Ltﬁ¥lﬂ%%¢é&%@%ka@éo:®
X2, IRV FAZ—%tmd b LTCEBRR Y 7 A X —OWIE LM~ Z & T,
ESBEEHIAAET DL FROBEREAEDOFHRNV 2HHZ LN TE D,

— /C7C\ —
e
(CO)30s——\—0s(CO); (CO)s —\—’— (CO)3 (CO)5
)\ y Hz)\ d H;

(CO)s (CO)s (CO)s

Figure 1-1-3. HAA=L Y 5 24— LCOZREEA o F LR F OB %EE)

F2H BRBERISRI—ORGHE

GBFHRODET L E L TOFENETIC N, BBEEB Y 7 A X —HEORISHELER S5
X2l ote, WIWVEKR=NT TRAE I, 7T 7 AT — 3 Al X0 AL A7 bR A4
T D ENISMBENTND, 8 Fes(CO) 2 1ITAF 07 20 b OGS CHSSR, K85
WEAKT D, T o, 7T v OBYHUOE TIE, B ENEMR L 25 LIRES TN D,
& —J7. 0s3(CO) 2 I Z =B AR LIS 7 0 0 0KREbft & L Tl< L HiESh T
% (Figure 1-2-1), °

JFRE AR OBERRI AT, JUGRTIC T 77 AT =2 a VARE DHE LD D,
Rus(CO)12 & L BUEINZF & LTEIK N-~T rBR AL~ (NHC) & DOBUSTIE, 1 f5FELD
NCH %MW =841% Rus(NHC)(CO)uu AT 525, 1 f5E/ALLED NHC Zf#i 45 & Bk
AT B OEMEIREMD GO D, 1© ZORERIE, Rus(CO) & L BEMI & LTH< 7 2
V%~F5wiVV&@&W%%&K@Té_&T%ﬁT%é(&MWlaﬂo“Rm@mu
1L EEADT IVF— A Ly EORIGTIE, HESEAL 2/3 f5EL D Ruy(CO) RARL

BAHIIC 1 BEANEORD, Z2C, P CER LBEESRE T IV I

VISROET B ERkA RN G OND, TOLIIL, TTT AT —va UREIOT VK
EWOBAIR, TI T AT = a ARG SRR & %Eﬁéu&%ﬁ%éo BERERS T
A B — T G IR EARE ORTEMAR & UCHRIHT 2 Z EIXR[EEZE DS, E DU A HlE42 = & 138
LW, 29 LIEHEREZ WD X 0ix, & LABYNICT A v Sz EESE IR D 5 D3 s EE R

5 Deeming, A. J. J. Organomet. Chem. 1978, 150, 123-128.

6 Muetterties, E. L.; Krause, M. J. Angew. Chem. Int. Ed. Engl. 1983, 22, 135-148.

7 (a) Emme, 1.; Labahn, T.; de Meijere, A. J. Organomet. Chem. 2001, 624, 110-113. (b) Periasamy, M.; Mukkanti, A.; Raj,
D. S. Organometallics 2004, 23, 619-621.

8 Casey, C. P,; Cyr, C. R. J. Am. Chem. Soc. 1973, 95, 2248-2253.

9 Dawoodi, Z.; Henrick, K.; Mays, M. J. J. Chem. Soc., Chem. Commun. 1982, 696-698.

10 (a) Cabeza, J. A.; del Rio, I.; Miguel, D.; Perez-Carreno, E.; Sanchez-Vega, M. G. Organometallics 2008, 27, 211-217. (b)
Cabeza, J. A.; Garcia-Alvarez, P. Chem. Soc. Rev. 2011, 40, 5389-5405.
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co (cO),

(CO)4 (CO), (CO)4 (CO),
\. (CO), + \ (CO), (CO); /—\H\—/ (CO),
FsC H H H H H
D=4 == Do
H CF, F5C CF,
CF;
/
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(C0); 0sEA——05(CO),
\H\/\ 4)3
Figure 1-2-1. BB AEMRF LIz SMMBLE 2D DV R= VT T A K —
L 2/3 RU3(CO)12
RU3(C0)12 _> "[RU3(CO)12]' L" _> + _> RU3L(CO)11
RuL(CO), -CO

L = Ge(R,bzam)!Bu (bzam = N,N-benzamidinate)

Scheme 1-2-1. Ruz(CO)1, &7 I ¥ F— A I L& DRIG

BRRE 7 7 A F —OREIE. BEOSRE T O EEITK L THFEIIERN T 5 2 L T B
SRR LR D O TIHE DIEMALZAT ) TN TE D RICH L b D EEbhD, Lizhi-
T BEO RO & DB FZNR &2 B RRICHEE S 5720113, JOSOBRIC S a2 R L,
HESER~D T T T AT =2 a D EISBERD D,

11 Alvarez-Rodriguez, L.; Cabeza, J. A.; Garcia-Alvarez, P.; Perez-Carreno, E.; Polo, D. Inorg. Chem. 2015, 54, 2983-2994.
12 Dyson, P. J.; MclIndoe, J. S. Transition Metal Carbonyl Cluster Chemistry, 2000, CRC Press

5



E3H RIVEFRUFISRE—
AR O L 912, BRER Y 7 A F —OEHO e .0 X2 MRS Z R KRIRICHES 2720
IR, BOGSDBRIZS B MR T 20BN D 5, £z, EE ﬁ%@@“éé)@'ﬁ%u&%
FINCFEEAER T 2 72011, EHEOER LICFERICZERNEBA KT 5 2 ERMHEE R D, T
X RBENSHBMEETIIAR Y B KU K7 T AX—%2 W, Hix fxﬁ%%@}im%ﬁof%
72o RUE KUY R T2 —ORE LTIE, ATO 4 ORFTF o5,
(1) ¥ Y FEAFDNEREZ G T 2720, BESEE~O R E 120,
(2 BEEOERMEYMET D U REMF03KHFE ST & LT, i fafiibamok#EL
EWVO T THIEEL . B L& R DR CRNZ BN AR EE RS A U 5,

R) IWNHR=nNr T AL —L G LT, BEFRGIVED VR = NVENL - FFRo W e D, &R
FLOEFEENE S Rizivd,

4) 7u bALeli7 e AT KU RENL OB EIL L, BKFKE O E LT S
BT D728, KF 1O 2l LI LE LS TR & 72 5,

AU RYURZIRAZ—E LTI, EIC Cp* XFFENL & LTHET LI TAX—, L
T=U LT M7kt RY REEK (CpRU(u-H), BNV T = AX2 X KU KK
{Cp*Ru(-H)}s(uz-H)2 (1) IZOWTHIFEL T& 7=, B 1§85k 1 o4& T Lo
Ru(ll, 1, 1) & 729 Ruz(CO)i2 @ Ru(0,0,0) LV b @it 72523, b NV RENA L EF
e GED Cp* DAL THER Iz Ruz KISHOEFEEIXE o T\ b,

BB T ORFEMNEN DR E LT, Figure 1-3-1 (2R T HEEMNIE U DU 85K =KV
JVEEIRIS WD, DRI TAZ—TIRHE Y D7 0= kU8 (3R OINNLE %t
EHRAOCTENMT AN, AV e RY K7 FZAX—TCTIXEFEERNSWERETLNLO 24(CN) #lE
SOWPPLEIZ LY INR= VT T AL — T8 DN TN AIRRIC 2o Te b DIEEE 2 b
o Flo, K1 L 13-/ AUz L OIS T Figure 1-1-1 (b) IR L7 =4 AR
U AHNVREN G T AL — L REOBNIE % b OB ESABE DN D, A AI T AL
RN T T AX—DBEAITIE NMR OX A LA —)LINTRUBUN = E a2 EEET 5 DI
WL, ¥ RYE RY RZ T AX— EICHBNL LT B ARmEE LW 2 ERMER SN TWVD
(Scheme 1-3-1), 2 ZAUXEFEENEVEBF L6 OHEEIZL 5T M-C AN 720 |

13 (a) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Morooka, Y. Organometallics 1988, 7, 2243-2245. (b) Suzuki, H
Omori, H.; Lee, D. H.; Yoshida, Y.; Fukushima, M.; Tanaka, M.; Moro-oka, Y. Organometallics 1994, 13, 1129-1146.

14 (@) Suzuki, H.; Takaya, Y.; Takemori, T.; Tanaka, M. J. Am. Chem. Soc. 1994, 116, 10779-10780. (b) Suzuki, H
Kakigano, T.; Tada, K.-i.; Igarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem. Soc. Jpn. 2005, 78,
67-87.

15 (a) Kawashima, T.; Takao, T.; Suzuki, H. Angew. Chem. Int. Ed. 2006, 45, 7615-7618. (b) Takao, T.; Kawashima, T.;
Kanda, H.; Okamura, R.; Suzuki, H. Organometallics 2012, 31, 4817-4831.

16 Takao, T.; Kawashima, T.; Matsubara, K.; Suzuki, H. Organometallics 2005, 24, 3371-3374.

17 (a) Yin, C. C.; Deeming, A. J. J. Chem. Soc., Dalton Trans. 1975, 2091-2096. (b) Deeming, A. J.; Peters, R.; Hursthouse,
M. B.; Backer-Dirks, J. D. J. J. Chem. Soc., Dalton Trans. 1982, 787-791. (c) A. Foulds, G.; F.G. Johnson, B.; Lewis, J. J.
Organomet. Chem. 1985, 294, 123-129. (d) Eisenstadt, A.; Giandomenico, C. M.; Frederick, M. F.; Laine, R. M.
Organometallics 1985, 4, 2033-2039. (e) Bruce, M. I.; Humphrey, M. G,; Snow, M. R.; Tiekink, E. R. T.; Wallis, R. C. J.
Organomet. Chem. 1986, 314, 311-322. (f) Fish, R. H.; Tae-Jeong, K.; Stewart, J. L.; Bushweller, J. H.; Rosen, R. K.; Dupon,
W. J. Organometallics 1986, 5, 2193-2198.

18 (a) Andrews, M. A.; Kaesz, H. D. J. Am. Chem. Soc. 1979, 101, 7255-7259. (b) Andrews, M. A.; Knobler, C. B.; Kaesz,
H. D. J. Am. Chem. Soc. 1979, 101, 7260-7264. (c) Keller, E.; Wolters, D. Chem. Ber. 1984, 117, 1572-1582. (d) Suter, P.;
Vahrenkamp, H. Chem. Ber. 1995, 128, 793-797. (e) Bantel, H.; Hansert, B.; Powell Anne, K.; Tasi, M.; Vahrenkamp, H.
Angew. Chem. Int. Ed. Engl. 1989, 28, 1059-1060.

19 Gallop, M. A.; Johnson, B. F. G,; Lewis, J.; Raithby, P. R. J. Chem. Soc., Chem. Commun. 1987, 1809-1811.

20 G FEE, ﬂki Wi, UK LERT (2017)
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RUPUVBROBEENEEINZT-DEEZLND, —H T, 2 EFBLT5Z & THERNEKT
L. RUBVERBEEZT D L2252 & RSN TWD,

/
R _
H L L{\H /t/ cH
— cp*_Ruﬁ\:I_\\R{J_Cp*
<\ >
/RUQ é}?u\ &RU//LH
H 1 Ncp

Figure 1-3-1. B & LA @ @@ b2 b O il 5 CTRIEE & 72 o 7o Fid i JE X

‘Buﬁ‘Bu ‘Buﬁ‘Bu
‘Bu ,
Ru / \
2 szFePFe H H
-2 Cp Fe ‘ ‘
ji<\ /ji 2 Y{U\H/RU/#
CgHg : rigid CgHg : rotate

Scheme 1-3-1. RV & RU K7 T AKX — OB B

ARRITEER 1 LT 22 EORINC RO OV TFT UASEENELND EHELTWD
(Scheme 1-3-2), 2 ZDORIJSTIEX, P22 2 DONT =7 AT i -BpL L, DL T =
U AW C(spd)-H FEAZIrd 5, 8K 1 @ 3 SOEBTLNENENERALY A b, &MY
A b &L THEEIZ L7208 5B LIBIREICER L TR Y | ARSI ZEEE RO RSN X
<ENZHLOLERRTZENTE S (Figure 1-3-2),

Scheme 1-3-2. $&{K 1 L 74V L DG

21 Takemori, T.; Suzuki, H.; Tanaka, M. Organometallics 1996, 15, 4346-4348.
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activation / A |

: coordination
site Ru— Ru site
Ru
coordination

site

Figure 1-3-2. ZE O [RIA 7275 AL

IR 1L X7 D CH MEAZUINT 5 Z ENMEICL > THE I TS (Scheme
1-3-3), 2 ISMEPMENT VA1 D C-H fEE 28, 85K 1 OFEFY v F e 0o L - TEME
fbEh-bnLEZOND,

Y T

R

N Y 3\\
AN — /
Ei/g"ﬁ/\g\% F £y

1

Scheme 1-3-3. &%k 1 L 7L v & DG

BT v FRERETOIIEELY 7 T A X — FICHD AT BT ARN@ L 28, 7T A H— Eh
O RE A TEE S E A BRI O ME 72 M-C f5E 28I LT iz oaunicd WA~ &
2%, B IBIZ, 7T A — LD IEEANMBET 57201213, ZAENL L7 RRE L OfAEE 2T
I 2 BN B 5, SR ST n- XU FIAR B U ORBER S TRERT LT —NNREL 25
Z e aHE LTS (Scheme 1-3-4), 2 Z OWBESUS TIHAKFEMESRMEO S & 180 °C &9 &
BCRISEIT> TWDIZHE b 5T, i3fbRiT 3 HET 10% (& %5, BBt K E 72
TRF—[ERENRY b R 75 2AF =% W R S AR5 5 L TRE R E 7o
TWb, RV E RY K7 TAX =%kl LCTHWDRIGZT A T 57012id, Kt D&
TR, ETIINER R BRR A HE T 5 2 & T, REORBEOBRDO = 3L X —FEREE TS 5 2
D5,

22 Inagaki, A.; Takemori, T.; Tanaka, M.; Suzuki, H. Angew. Chem. Int. Ed. 2000, 39, 404-406.

2 McNaughton, J. L.; Mortimer, C. T.; Burgess, J.; Hacker, M. J.; Kemmitt, R. D. W. J. Organomet. Chem. 1974, 71,
287-290.

2 Moriya, M.; Tahara, A.; Takao, T.; Suzuki, H. Eur. J. Inorg. Chem. 2009, 2009, 3393-3397.
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180 °C,3d
conv. 10%

Scheme 1-3-4. 7’/1/73 VERVELDH T TR

©/\/\/

FA4H ZSEEBATOARRICKBZIERILT=ILERYEFRY K 5;(9—0)1%&5
RUE RURZTAZ =%t LTHWDRIGET A 3 572 DII3EE O BB D

TARNVF—[EREE P 50BN H D, EDO—JT, ﬁUtFUP73X&~@%@@%5%E@
LRI R IS MEISHERF T 2 BN H D, TN ETIIVT =0 AL OE -5 2 HIH
HHED 1L 2L LT, ~TrEf%2 —EHEERMN L L TAET LS LT =ULK ) R R
75 %24 — {Cp*Ru(u-H)}s(1s-E) (E = BR,”® NR, % 0,2 AIR, 8 PR,?® S¥) NAKEH T& /-
(Figure 1-4-1), 15 O8I & IRALKFERA L ORIEMEZ IR D 2 & T, ZBHAUGRNL 28 AL
SN RIZ OV TOFHME LT TV D (ER = BR,2231 NR, 2232 Q2% AIR 33 PR, 29 §2%34),

% Okamura, R.; Tada, K.; Matsubara, K.; Oshima, M.; Suzuki, H. Organometallics 2001, 20, 4772-4774.
% (a) Nakajima, Y.; Suzuki, H. Organometallics 2005, 24, 1860-1866. (b) Nakajima, Y.; Kameo, H.; Suzuki, H. Angew.
Chem. Int. Ed. 2006, 45, 950-952.
27 Suzuki, H.; Kakigano, T.; Tada, K.; lgarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem. Soc. Jpn.
2005 78, 67- 87
8 Ohashi, M.; Matsubara K.; lizuka, T.; Suzuki, H. Angew. Chem. Int. Ed. 2003, 42, 937-940.
2 (a) kS B, PAERSC, AR TR (2002), (b) AR AR, S0, R TR (2002)
30 Matsubara, K.; Okamura, R.; Tanaka, M.; Suzuki, H. J. Am. Chem. Soc. 1998, 120, 1108-1109.
31 Takao, T.; Suwa, H.; Okamura, R.; Suzuki, H. Organometallics 2012, 31, 1825-1831.
2 SREH TSR, ELER ST, B TR (2012)
B AR S LIRS, A LEKRT: (2004)
3 HE E L, AR, BUR LFERY: (2013)



\fr*fr

% fwf W <
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A!\ /4, \/ ' \/ '
H H3
Figure 1-4-1. —HZUE~T R tRK A2 AT HL BN T =TV LT T AL —

CHEAEANT OB A AT AARILVT 2L T AR —RERENTEERN, TOFTHE
13 RHEEATDH7 T AZ—138E 1 LRIL 44 BEFEATH D, ZHEBRY LUk L 7
2o AT EBEF LU EDRISTIIMER 1 & 7= AT vF L & DORISIFEE (Scheme 1-4-1), TEE
BON LT L U 3BANS B D (Scheme 1-4-2), 22 —7J5, 46 B84ATH D ZHEEA I R,
FXV RAT 4 =T AT ¢ REEIRERKEGT V2 & ORIGTIEEATEALARL T L% L3R
PG HID (Scheme 1-4-3), JikhE U728 AROAIEF B OB LV | #IED R H{LEMDTE
LTV D,

it

y R
TS — c—c’:
H \ H HC=CPh N T
/HH\ ‘ _H» Cp* —RuZ2 ——Ru—Cp
S\ -2
/Rli\ —Ru ) rt H: ZH
1
44e 46e

Scheme 1-4-1. 8K 1 L 7 == 1T EF L > & D

Ph
H

Pt

I
“c—c.

/§ He=cPh R// ™~ e
—— 3 Cp*—RuU—\— u—Cp*
/H -H, \//l
WSy =T K
44e 46e

Scheme 1-4-2. =HEZEERY LKL 7 2= 1T EF L 0 & DS



Ru
H/l\H HC=CR
N
RIZ Y
WL
46e 48e 48e

E =0, NH, S, PPh
R = 'Bu, Ph, "Pr

Scheme 1-4-3. —HZMUE~T R LR EHT D 46 B KL KT L2 & DL

PEIR 1 O &V O BRI TR, BEORISHEE 272 £ S OBFRY, SRR R BRELS I S
NTBRZMBETE L ENEE LY, Bt L 44 BEE LR DN 2 EA LA,
DX D BRI Z LRI SN D,

ELSH ZERBRITRAEI—DLETOHNLRZIEEF

R LOBFHBEZIRT ST LB & UL TRENR S DIZANVR =B A 035D, T1VR
VBN IR R LD 2 BUE~OWHEE I LY | RR O 2L e D Z k<
MHENTWD,

BREE I T AL —TIIREVLTT 4 v I RINVER=V T T AZ—%FEE LTHWS Z &
NN, IR NEN 52 BT D7 TAZ—BEEZRESNTND, 7 TAX—FEDH
JVIR = VB IR S, 2R, —EARE. MESEE. NEEGR L SRR R A £ 5, 12 =
¥ T A% — ETOHINVE = VENL - OB R IS K S, 288, —EREO —FETH Y,
IRFETVT THRIUNL L TV A EEEIT EOENIERTY 2 B G OFNL T & 725 (Figure 1-5-1), 12
SRPLEDY OBREEICE U THAICEN N EZ 2L EE5 2 L RRETH 0 | BNLE D ZHk
MEbL 2T EbMbN TN D,

I(\iI:IO—M M/c—\M M4C>M
NN N

Figure 1-5-1. H /LR = )VENLF- O RIRECNL, ZABECNL, — BZERERAT

RIBBCAZIZ I 2 80E OF AAER %2 Figure 1-5-2 (259, ¥ RIRENT TlE b LR = VEAT D
RFBIR A EOIILFEE NSRBI F0Z2EO d #uEicft5sns 2 L TEREIND offt5iES
Oz, BRI TOETFNEEINT d $LUEND BVR=VENL 7O 2~ fuElicdifth sn s
ZETERIND r B GREANFIET D, BE TIE C-O fia ORI EMEINE OB N &
72512, C-O #EEDORARBMETT 5,

3 Hartwig, J. F. Organotransition Metal Chemistry: From Bonding to Catalysis, 2009, Univ Science Books
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Figure 1-5-2. RIUGEIALIZI51T 2 BB OFE AAEH

ZERGENIIC B 2 HLE O AAER % Figure 1-5-3 (2”7, 35 WAR=VENL D o *FMERL
B, TFRAX—=PEWERT T 7 A v o fHEELE SR EERT S, 2. hrR=r
BANL D 72 WUBEIZE&R 7 7 7 A O 2~ $ud M EEMRT 5,

0 8 DQ
A\, QO QOQO

R AN A N AN YA

Figure 1-5-3. ZEERNLICF5 1T 2 LB OFH AAFE

Green OIIAUGENL T OG- EFHA AT W e FIEEARE L. BBE 0 VA = VENL 11T
DONTHFE LTS, 3 SRETNHD OGO IZL > CRHEFENRL Y | Wil 55355
WAL F@L“Cb\"é/f)ﬁﬁ%@%ﬂ%ﬂ 21 BTAEME L, BHEESRWEG SIS 04
JR7Z 2 BraEMGT 5, ZOETECER - SRBHOKEREE THTHENTED L
LTV, Wl 50iMme5% 5 2 5 CHIEDO T XA X—%2 i ETILERNH D,

Fenske DX M/ TF Py A=y kE4UE VR = VEAL T & OFEE AAERIZ O TEEH
IZHFZE L T 5, ¥ Figure 1-5-4 (2R3 L 912, HAWUERLOMEERIZ L > TE USRS
PEEOE XV b, FEEABER O E/ERIC L - THE U7 APEELE O 753 = %L F — UG HME
Wiz, IESFHLEREOMAEERICE > TEUMAMIEICE FA I SN D, BE DA
TERORER., RGNV AR = VBN 7D C-O #EEDORARENIML T L, RIGHEULD 77 /LA = /Ll
PP OFREEWEEL Y b/INS < 72D, RO ELERN 837 0 UG VAR = VEEE T H#

BINTND, ¥ ZZTRLEMITIE M-M G OREREITAR T T 223, OB 8 5
%O)@iﬁ ZE 5T M-M KB ORAREICE 2 581321 T 5,

36 Green, J. C.; Green, M. L. H.; Parkin, G. Chem. Commun. 2012, 48, 11481-11503.
37 Kostic, N. M.; Fenske, R. F. Inorg. Chem. 1983, 22, 666-671.
3 Ayed, T.; Guihery, N.; Tangour, B.; Barthelat, J. C. Theor. Chem. Acc. 2006, 116, 497-504.
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o / @cO
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ZANIZAN N S 0
[PANIEAY ¢
e o
K09
WV
(“ANIGAN
MoX2~ 755 4 bOBLE Q (1-CO), I5T AV FOBIE

o
Figure 1-5-4. Z&FGRIALIZ 1T 5 =1L X —HEAL X

Wit 512 X DA RB O TFIX IR A7 MUZEIT S C-O fFEEEH kO v — 27 Ok
7 RO, HfEA X BEEMEITICER TS CO MEOMEICIVHMRETHZEMNTES, IR A
7 MV TIE, VR AEL 0O C-O MfEIREN RO v — 7 TR GENT . ZRAGERNL, —EE
TR ONEC AR B> 7 LT < (Table 1-5-1), ¥

Table 1-5-1. IR AX7 M UIZEIT D B VR = )VEMNLF OfiffEREh
CcoO LW AYA Ryl A = EZRE BT
v(CO), cm'? 2143 2150-1820 1850-1720 1730-1600

B VIR = VB DEEIE RO AZEHIC DN TIE, IBEFZ NMR JAIES 2 VT, FEfiC
BEatEnTW5b, iz, Za 7 A R BLR = VESIRD 1 VR = VL F OB 28
Shapley 52X > CT#HEFEN TS, 4 Scheme 1-5-1 X 3 {HD B /LR =)LEMNL 12 Rh FEd
[F] CHNCAAE L TV D 5EE OB B 278 LT\ D, ZGELAL L 7 J1 L AR = VBT 753 K El 7
Z i CHBEIT % Modified Merry-Go-Round #1280 . ZNED VA= VEUL 123 3 HO
Rh EHEEHT D, £D7=H, BC NMR ALY hLTHNR = VENL DY 7 F Vi quartet
ELTBlgENS,

3 Crabtree, R. H. The Organometallic Chemistry of the Transition Metals, 2014, Wiley
40 (a) Lawson, R. J.; Shapley, J. R. J. Am. Chem. Soc. 1976, 98, 7433-7435. (b) Lawson, R. J.; Shapley, J. R. Inorg. Chem.
1978, 17, 772-774.
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N7 N, o & N
A N4 o o A NA
RHA—/-R - RHKA—/-R

N == N == N

Rh i Rh

cp - cp - ép

Scheme 1-5-1. Modified Merry-Go-Round 4%

3D INAR=NAENAD S H 1 EA Rh SFEORHMINAEAET 256, 2 FAOER)ZE)
MHER ST S, Scheme 1-5-2 DAEAITR L7 FliiE 120 °C LI E TR S 2 8 %Eh %
RLTWD, KREGEAL & 28 MG B AL . Z8AB Bl & = E2AMG AL O A #2325 Bridge
Opening-Closing #¥#&12 L0 . ZNENDO B /VR=/VENF2 3 D Rh EHEEHAT S, =iE
TIX Scheme 1-5-2 ® L FIZ/R L= 9 1 DOEBIZEENCTH D, ZAEEML L 72 1 VAR = VBT -
25 Rh i o SOcHMEl~% 8N4 % Bridge-Flipping motion &2 XT3,

(o]
(o] (o] (o] (o]
Y I N Y I Y
/\ | /\ /\ | /\
_Rh= Rh__ _Rh\—/-Rh_ _Rh CRh_
cp cp =—|cp Cp | =—= cp c
p \\Rh/ p p N?h% p p \Rh// p
S e ey Y
o/ L o . \o
_ : _
P~ hé —\Rh/ cp
WL,
C
// \\o

Scheme 1-5-2. Bridge Opening-Closing ###% (/c47) & Bridge-Flipping ##% (L T)

FOSH D 1 VR = VBT OEHIZEENC K D | BOSOTEME (L= R VX —2ME T3 257361 6
Shapley HIZE > THESIN TS, 4 Cp ZXFFNI & T5 9 BEER -7 7 AX—ITLD
TNXx D C=C fEEUIWIRICD =R NX =3 EEITo TR, DR BN FOFEIZLY
KEREVDA Uiz, Scheme 1-5-3 () DA /LR = VBN F &2 F 7= 72 WA 1 1 E50R O TR
PRI L R L 0 b = L —258 340 kd/imol < 725, —J5. Scheme 1-5-3 (b) D /LR
=VENL 2 AT DR I O U — IO BIER L R T E R 1T, ]GA
ROTEMEALEREL Scheme 1-5-3 (@) LV & 200 ki/mol LA EIE T4 5, | &0 1l TiEoL
R NVENL DT V% EFEER L TORWERBEFICBET 25, 2 To4e&EN 18 &
Rz 2 L CLREILRD EEZXDBND,

4 Clauss, A. D.; Shapley, J. R.; Wilker, C. N.; Hoffmann, R. Organometallics 1984, 3, 619-623.
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H /H g
St o] e Nl N
e v N
\ / Cp //\CP
Nep H ¥
1
(b)
H
—¢Cp CprCo————Co—Cp
— I
b \C//\Cp
0
c
cober 7 A DN
H\ o -co § /
Nep C//\Cp
H

Scheme 1-5-3. =k )L b7 T 2 X —&H\ = C=C FEEUINSIL (). /LA = VBN T % Ff
727 WS (b). B VR = VENL TR R OGS

H VIR = VEANL A1 E 28k % ¢ > 7= spectator BN~ & L TR TR, B EThH RN
JEEEE 2T actor B & LTHMM<, FAZK D IR =LA NVRU DERR E | Hix e
BOGERZFTZENMBNTND,

Knox SIXZEKEAR A7 4 REUNLF2 /T DHINVR=V T T AL — BT IIVR = VB8 =
HEFER YA VRN F O M-C RERICBEFAL, C-C #aNBlandt®EL TV
(Scheme 1-5-4), © —J5, BEHFAOW SIS H T DM A NVAR =NV IEDBE SN D60 H 5,
EENANT =T ARTHINR= N FTAZ—F I-E LU BRI T AT E REK L, =@
BEIA A AE 525 2 L7 Gonzalez HIZ X » THE SN TWD (Scheme 1-5-5), 43

42 Charmant, J. P. H.; Dickson, H. A. A,; Grist, N. J.; Knox, S. A. R.; Orpen, A. G; Saynor, K.; Vinas, J. M. J. Organomet.
Chem. 1998, 565, 141-151.

4 Arce, A. J.; Canavera, F.; De Sanctis, Y.; Ascanio, J.; Machado, R.; Gonzalez, T. J. Organomet. Chem. 2009, 694,
1834-1839.
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(CO)3 RO———= —==Ru(CO), _"> L(CO),Ru “Ru(CO),L

\\/|

Ph,P——R{ —PPh
2 (c 2

0),

L =CO, P(OMe)3, tBuNC
Scheme 1-5-4. /LR =)L 7 T A X — - COBENHE AL

Scheme 1-5-5. BV R=)L 7 T A X — FTOPLHIVR=)VI)G

BENE AL S EBA VR =V BORD EH BRI E DT, HVR = VBN —fbikFE L L
THLEET B0, BUEE L 22 WS BT 2 72 2 EVEN BB L7 B, BT LOEABENE S
A, M-CO #EADAERDARN /2 DT, 35 BANR= VIR GRN 725,

oM HLRZIBEFICKI=RIILTZVLRYE R FIFX2—0EHMH

AR 11Xk NV REALFZ2KHES & LTBBES B2 6, Eid R tafifbamokFEb e
WOTRTHRIH LN O RORDEITT 5, 20L& X, v R RENL 7% 2 DT OHETH2D
t RURZITREZ—L LTOMEERET 720121, /J\7L£< td 2 DU EDv KU FBRALT
EHTHUNENDD, £, $5K 1 &ﬁ%ﬁwﬁ);@fxé . EWEORNIERANKE S B |
FOSRREENRKE S BT D ETREND, TDID, fEI{Z'K 1 & ORISHED e & vy S BLR T
bt RU FEAL 7% 2 DLLEROD, @R 00 OME FEOBRTID 44 L7 DREENREE LU,
INODORMHEE T 2EBRR Y 7 AF—, ZBNAVT =0 LBE NI LVR=/L )t FU N
(Cp*Ru)3(-CO)(u-H)2(pz-H) (2) D3KABIZ L » THEANZHRE ST 5 (Figure 1-6-1), * §51K 1
E TR LR FBIZRIB TIISIS LWy, 85K 1 Lo bREHEOmWT =47 FZ e FU KR
7 T AL — b TRBLRFIIBIR TG L, KEBKED VUL L EBITEE 2 2525 (Scheme
1-6-1),

MORAE BN, NLERSC, MUK TR (2003)
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Figure 1-6-1. 1 /L7R = LEINL 12 & 5 (& Hi

| _| K(18-crown-6)* ||

Ru
1 atm COZ

—_—
KHCO,

7 ‘ - AN
\i§ /}% THF, rt Y{UTR%\%

Scheme 1-6-1. 7=A4 M7 rZt KU K7 T2 %2 —L ﬁ&flﬁf;ﬁk@}im K B85 2 OERK

R 2 OB RU RENAL 135K 1 EREEIC NMR XA LA —VNTHEREL VA M HE
LTEY, BWKEEE LS EBRWIfFSND, LnL, @R EOBETEEIIKTT5L520
Ao BOSENZALT 5 Z EDRBESND, $6IK 2 ICET 23 5tiIX 2 E TiziThihv T
RN, TIVIR = VR A2 BN LT R R T 5 720 _i\%%2®%$%ﬁmﬁ%ﬁ~
LMEND D,

F7H ABHFICKIEEDOEIL

HIR 2 EARBAFRALKFE L OIS ZATH WM T, RFEZBRDEENL L 72 K
(Cp*Ru)s(us-CO)(ys-773-C3MeHz) (3-Ca) MER LT=, #81K 3-C4 X Emnst HIZ K> THIEESNTE
D (Scheme 1-7-1), % ZERLEMTH D EEZ LTINS, AMENEE RS 5 2 L THlen
IS5 Z ERNbhotz, $8K 3-C4 @ LUMO T OHE TR FE = BB O SOk A MEiE o
FEHENHY ., ZONSINT ZEEERICEENL LT RFB ZERNPHEERT A ETHEITL WD EE
2 BHiLd,

Me ]
ase . I\ J ‘
[Ru(CsMes)Cl], + )\Ao BA Cp* Ru\ / /Ru\
Y

30% 42%
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Scheme 1-7-1. Ernst 512 K 588K 3-C4 DA HH

HHRHIZ L DEROMMAEZFIHATHE LTE, 7V — AT VBRI BHILTWS (Scheme
1-7-2), % ZO{LEMITEN N E T 52 L THER L TARES 2y, R L THELNLLAE
WNZFRRZ B4 5 2 &L TR L CTERT D,

Scheme 1-7-2. YRR CERBAAT 57+ 7 a I v 7 5510

A RALAY CRERISIE IR FOBBEO B E LTHOW LR TWD, ¥ FilziE, R
ZOVENL IR I K > T bRz & UCHBEL . & DI BRI E U5 (Scheme
1-7-3), ® F7=. b KU FEML T HEIEHIC i@ﬂ%%%%mﬁ7vﬁwkbfmﬁb\ﬁ%m
Gl ’Wﬁﬂufﬂibé (Scheme 1-7-4),

co

OC—W—py O —> %%7\/:V—py
py

py = pyridine
Scheme 1-7-3. JEHRGHZ X 5 —W2 bk FE OMiEE (Bl 7 iEHLOL)

m/\ ©—’ "

Scheme 1-7-4. YCHREHZ X 2 KFE 0+ O Wil (i < BR{Lr9fHN)

BN O BLBELIAA OFE LT, Ru(bpy)s? 1ZEhEIREE TRALAI £ 72138 oAl & L Ti< Z &
HHILUTWD (Scheme 1-7-5), 0 F7z, BhfREEOAR L7 ¢ U PEKRIZ = HIERR I 1L ¥ —
HHZ C—HEAMBICER T 5120, ERESH~OISHMTOIL TS, % Z0 X 5 ICH#EE
BALEOHALF BIRIA TR B TWD D, JEHREHT K 2 Z 285K B OB OS2 L A7)
A UTEBNIEEE T, BERTENESEREREE o7/ a L v hERTZENTE D &
EZHLD,

4 Trakarnpruk, W.; Arif, A. M.; Ernst, R. D. Organometallics 1994, 13, 2423-2429.

46 Irie, M.; Uchida, K. Bull. Chem. Soc. Jpn. 1998, 71, 985-996.

47 D. R. Tyler, in Comprehensive Organometallic Chemistry 111, ed. by R. H. Crabtree, M. Mingos, Elsevier, Oxford, 2007,
\ol. 1, pp. 239.

48 Wrighton, M. S.; Morse, D. L. J. Organomet. Chem. 1975, 97, 405-419.

49 Berry, M.; Elmitt, K.; Green, M. L. H. J. Chem. Soc., Dalton Trans. 1979, 1950-1958.

50 Prier, C. K.; Rankic, D. A.; MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322-5363.

51 Lang, K.; Mosinger, J.; Wagnerova, D. M. Coord. Chem. Rev. 2004, 248, 321-350.
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>

Ru(bpy);?*
A

D

Ru(bpy);3* hv Ru(bpy)s*

A D
A *Ru(bpy);?* D

A = acceptor, D = donor
Scheme 1-7-5. Ru(bpy)s?* D JEER L& TS

PEIR 3-Cs 1T Emnst DICK > THESINTODIN, S ZOMIGHEIZOWTE I N E TlolE &
TR, FEOEELE AT 52 F A A [(Cp*Ru)s(us-173-CsMeH.) (us-CH) (u-H)][PFe]2
(4-Co) ITmWBUGEZ T Z E MBS N5 T 5 (Scheme 1-7-6), 52 $1K 4-C, TlImbc,L
L7oRFBZBEAPEM L, PRIKE LCTAEKRTLZOLT T VU EERNEMRECTH L EEZ DN
TWb, — T, 81Kk 4Co Ot 7 a v b TERT 2 E /7 H F 4 K
[(Cp*Ru)s(us-17°-CsMeH2) (us-CH)][PFe] (5-Ca) 1%, ZETH Y | FUSEIZZ LT & fER ST
W% (Scheme 1-7-7),

M _I Me _| +
c-f---\-n H,0 vz AN
Cp* —Ru—\/ Ru—Cp* —H> *Cp—R u_ — /[ Ru—cp*
4-c4

HCCH

Cp* —Ru\ —\i?u—Cp*
\'4
u
J e
H H

Scheme 1-7-6. $&1K 4-C4 Dtk

52 (a) Takao, T.; Moriya, M.; Suzuki, H. Organometallics 2007, 26, 1349-1360. (b) Moriya, M.; Takao, T.; Suzuki, H
Organometallics 2007, 26, 1650-1657. (c) Takao, T.; Moriya, M.; Suzuki, H Organometallics 2008, 27, 1044-1054.
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M H +
e\c,zfx_ ]
CP*_Rl{/_\\_/;\\Ru_Cp* Nucleophile
\Ru\/ — > No reaction
é/ Cp*
H
5.C,

Scheme 1-7-7. $&{K 5-C4 D i

Z 2T, RN Lo TIRFE=ZBERMPER L TAE L 2R Z W2 /8y F OiEH bz
AT DI L L, MEDZELICERT UG 2Bl TE UL, SR LICEELAL L2 RFE =
BRI OB L RT e NTE D,

F 8 H FHMEOHEHM

AEFFRTIE, $EK 1 ot R NEALT 2 D% VR = VENL 1 T L7zg8 ik 2 2R L
Too BB 2 L ARBIFRILKFE E DRIEEITH 2 & THIVE = VENL 35 2 T2 50 B % 50 L,
SOSOHBNZRET 2R 2455 2 L 2B E Lz, AT, 854K 3-Cq, 5-C4 ~DIERRH 2170,
=B BICEEAL L7 RFE —BEROBREIC X A Ot EE T2 b HRE LT,

B 1ETE, IRNETIITObRTELZINR=N T T AZ =R B R K7 T AX—OHF
ZEZOWTHBIL, AU B RY R T2 —OFEEHEICO W TR~ T, 72, EBEGR 7
AB— ETOHNR= VA AIZER L, 85K 1 L8R 2 OEELEER KOOI S 5iE0Ico
WTEEDZ, AT, AESRBIELEMTRHHIN TV KIGE, ZHETICBEINL TS
mlcs L2 ikFE-BREZ AT D = EEERIC OV THEIR LT,

2 BT, BEK 2 OBMIEDOTRET 2TV, A7 — 7 v A LI2 A IEIC OV THELR
L7ce INVR=NVEN % 1 DA T DEMARBFZ2EEE 2 OFRKTIX, 73— 0—E{bR
F. ZBICIRBD O IR NVENL T E BT D TEDREN T D Z b aR LTz, £1o, 85K 2
DOMEIZOWTHEFNT, @RPLOBEBFEEOKTIZE bRWEAMINEEIZ<< 8D
ExERLT,

%3 ETIX, 85K 2 & REARIRILKTE & DRISEITV, VR = VBN 3 G- 2 T 58 % 3T
L7z, ANVR= VBN FZEA LT Z & T, BKRSBIHI SN D Z & &, FREMAROF
TT N =) T UBEN RV — LR EICR D Z LN L, £, @RPLOE
BEMETLIEZ &2k, 8K ECmbdis L7 RFEBRVEERIND Z &EHRLT,

% 4 BETIX, S8R 3-C4, 5-Co OIERIGEFRFT LTz, 88K 3-C4, 5-C4 TITNHRHIZ Lo ThkFHE
“BRMPAA L., 2 FEOIEHRPRENER IS 2 EDNRB I, S5k 3-Ch 1TXEB
Lo BEIR 5-Cy IIT UE=T ERISTHZ E AR LTz, 72, R L THEEAL L2 IRE = BR
MG S D RAFICET 2R EZG 5720, $61K 3-Cs OREEHIEDRE G LTz, £/ H
FA MR E WD Z LT, B A AT HIRE ZBRVBEER ETERSNRT DI LR
~LTz,

% 5 WTIX, AMFEOMELRIE L, EROIFIZEROFEM A R LT,
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2B ZHAToULEAINLR=L N R FEBERO G L OME

£ 1 #®E

BEBEIE Y T AS —DORIGEDIIZEII I NER =V T T AR —E NI Thil, ZivE Tlokkx
TR IRALKFBENL 5 FFD 7 T AKX —INER SN TE T, THHITEED VR = VB & FFD
HLONEL AVR=NVEN % 1 DU RWVEBER Y 7 A% —OaRAIXES & D7
W,

TR = VBN -2 BT HEE2 kL LT, —B{LIRFEEZ D HERS D, —WLIRFE
IR E < . BIRCEB T LICEDITESS ZENTEX S, 00, —RIERFEZHND
FETERER LIC VR VBT 1 S TEASHAH S HE STV, 10 HEeR
DA RERNIER 48 BrEEAL 2D 2 ENE W, LS E LT, UKAT 4 VEML %
HITH5=EAVTYTLHRYE FU KT T2 — [Irs(dppp)s(H)71(BFs). & —Me{birFE & DT
VL BCALARBFN 7R 46 FEAEEIK [Irs(dppp)a(H)7(CO)(BF4)2 7315545 Z &A% Pignolet 512k - T
Wit SN TS (Scheme 2-1-1), U ik BICHEEAFAET D VR = VBN T & IS . LR
=B A% 1 DT AET 28R E SR T 28 b ME SN VWD, 2 L, R —m{bRrE
WD T, —BbRFEE AV D Ik L FEE, 48 BI85 E 72D 2 L%,

! (a) Manojlovic-Muir, L.; Muir, K. W.; Lloyd, B. R.; Puddephatt, R. J. J. Chem. Soc., Chem. Commun. 1983, 1336-1337.
(b) Lloyd, B. R.; Puddephatt, R. J. Inorg. Chim. Acta 1984, 90, L77-L78. (c) Ferguson, G.; Lloyd, B. R.; Puddephatt, R. J.
Organometallics 1986, 5, 344-348. (d) Ling, S. S. M.; Hadj-Bagheri, N.; Manojlovic-Muir, L.; Muir, K. W.; Puddephatt, R. J.
Inorg. Chem. 1987, 26, 231-235. (e) Ferguson, G,; Jennings, M. C.; Mirza, H. A.; Puddephatt, R. J. Organometallics 1990, 9,
1576-1579. (f) Puddephatt, R. J.; Manojlovicmuir, L.; Muir, K. W. Polyhedron 1990, 9, 2767-2802. (g) Lloyd, B. R;;
Manojlovicmuir, L.; Muir, K. W.; Puddephatt, R. J. Organometallics 1993, 12, 1231-1237. (h) Hao, L.; Jobe, I. R.; Vittal, J.
J.; Puddephatt, R. J. Organometallics 1995, 14, 2781-2789. (i) Holah, D. G.; Hughes, A. N.; Krysa, E.; Spivak, G. J.;
Havighurst, M. D.; Magnuson, V. R. Polyhedron 1997, 16, 2353-2359. (j) Salomon, C.; Fortin, D.; Darcel, C.; Jugé, S.;
Harvey, P. D. J. Cluster Sci. 2009, 20, 267-280. (k) Eaton, B.; O'Connor, J. M.; Vollhardt, K. P. C. Organometallics 1986, 5,
394-397. (I) Wang, H. H.; Casalnuovo, A. L.; Johnson, B. J.; Mueting, A. M.; Pignolet, L. H. Inorg. Chem. 1988, 27,
325-331. (m) Bott, S. G; Burrows, A. D.; Ezomo, O. J.; Hallam, M. F,; Jeffrey, J. G.; Mingos, D. M. P. J. Chem. Soc., Dalton
Trans. 1990, 3335-3340. (n) Casey, C. P.; Widenhoefer, R. A.; Hallenbeck, S. L.; Hayashi, R. K. Inorg. Chem. 1994, 33,
2639-2644. (0) Morgenstern, D. A.; Ferrence, G. M.; Washington, J.; Henderson, J. I.; Rosenhein, L.; Heise, J. D.; Fanwick,
P. E.; Kubiak, C. P.; Kubiak, P. J. Am. Chem. Soc. 1996, 118, 2198-2207. (p) Takao, T.; Moriya, M.; Suzuki, H.
Organometallics 2007, 26, 1349-1360. (q) Nagaoka, M.; Shima, T.; Takao, T.; Suzuki, H. Organometallics 2014, 33,
7232-7240.

2 (a) Gardner, S. A.; Andrews, P. S.; Rausch, M. D. Inorg. Chem.1973, 12, 2396-2402. (b) Dickson, R. S.; Mok, C.; Pain, G.
J. Organomet. Chem. 1979, 166, 385-402. (c) Dickson, R. S.; Evans, G. S.; Fallon, G. D.; Pain, G. N. J. Organomet. Chem.
1985, 295, 109-124. (d) Dickson, R. S.; Nesbit, R. J.; Pateras, H.; Baimbridge, W.; Patrick, J. M.; White, A. H.
Organometallics 1985, 4, 2128-2134. (e) Bedard, R. L.; Rae, A. D.; Dahl, L. F. J. Am. Chem. Soc. 1986, 108, 5924-5932.
(f) Bixler, J. W.; Bond, A. M.; Dickson, R. S.; Fallon, G. D.; Neshit, R. J.; Pateras, H. Organometallics 1987, 6, 2508-2517.
(g) Wakatsuki, Y.; Okada, T.; Yamazaki, H.; Cheng, G. Inorganic Chemistry 1988, 27, 2958-2963. (h) Brunner, H.; Janietz,
N.; Wachter, J.; Neumann, H.-P.; Nuber, B.; Ziegler, M. L. J. Organomet. Chem. 1990, 388, 203-214. (i) Ziebarth, M. S.;
Dahl, L. F. J. Am. Chem. Soc. 1990, 112, 2411-2418. (j) Dickson, R. S.; Paravagna, O. M.; Pateras, H. Organometallics 1990,
9, 2780-2785. (k) Dickson, R. S.; Paravagna, O. M. Organometallics 1991, 10, 721-729. (I) Manojlovic-Muir, L.; Muri, K.
W.; Mirza, H. A.; Puddephatt, R. J. Organometallics 1992, 11, 3440-3444. (m) North, T. E.; Thoden, J. B.; Spencer, B.;
Bjarnason, A.; Dahl, L. F. Organometallics 1992, 11, 4326-4337. (n) Eremenko, I. L.; Berke, H.; Kolobkov, B. I;
Novotortsev, V. M. Organometallics 1994, 13, 244-252. (o) De, R. L.; Maiti, K. Indian J. Chem., Sect. A 2001, 40,
1097-1100. (p) Nakagawa, T.; Seino, H.; Mizobe, Y. Organometallics 2010, 29, 2254-2259. (q) King, R. B. Inorg. Chem.
1966, 5, 2227-2230. (r) Uchtman, V. A.; Dahl, L. F. J. Am. Chem. Soc. 1969, 91, 3763-3769. (s) Green, M.; Howard, J. A.
K.; Bray, A.; Johnson, O.; Stone, F. G. A. Acta Crystallogr., Sect. A: Found. Adv. 1984, 40, C295. (t) Briant, C. E.; Gilmour,
D. I.; Mingos, D. M. P.; Wardle, R. W. M. J. Chem. Soc., Dalton Trans. 1985, 1693-1698. (u) Barnes, C. E.; Orvis, J. A,;
Finniss, G. M. Organometallics 1990, 9, 1695-1697. (v) Manning, A. R.; Palmer, A. J.; McAdam, J.; Robinson, B. H.;
Simpson, J. Chem. Commun. 1998, 1577-1578. (w) Forsterling, F. H.; Barnes, C. E. J. Organomet. Chem. 2001, 617-618,
561-570. (x) Manning, A. R.; Palmer, A. J. J. Organomet. Chem. 2002, 651, 60-65. (y) Manning, A. R.; McAdam, C. J;
Palmer, A. J.; Robinson, B. H.; Simpson, J. Dalton Trans. 2003, 4472-4481. (z) Kajitani, H.; Seino, H.; Mizobe, Y.
Organometallics 2007, 26, 3499-3508.
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2+ 2+

! /_\_|

P. | H \ | /

H/ir\H
: o
H. | LN |
N \\I ||' ——————— N

S 7 2=

Scheme 2-1-1. —E(LIRFEFZIAK TD 46 ETEERDE B

PR Bl H VAR = VBN T 2 B AT DO TiEE LT, B D I VR = VBN &
T 5 FERH D, 3 Emst HITF 2 0O LT =7 KgAK [Cp*RUCI]s 1T 3-A F/L-2-7FF
—VEIREEH ) U AEMATMENT 5 &, 885K 3-Co BN Z EE2#HE LTS (Scheme
2-1-2), % Chaudret HIX DA M¥T8EKE MU Tudm XA X2 0 2V VR E OIS %L A
FLHRTITOZET, Zaafdfi F2 AT 5 "BLT=U LT FAX =P G610 E#HELT
V5% (Scheme 2-1-3), % &5 & O FEM R USRI I 5072 > TR WA, ERENT )V
TR FEEHSRD A MX U EN D D NAR = AENL AR L TR Y, —BLRFEOKISL D b
HIHEN RS2 & TIN5,

1 eq. K,CO Cp*‘R”_\_/_R“_CP*
[Ru(CsMes)Cl], + )Mo Ty N\ // AN
80°C,4h RuL oc” >
o

3-C,
42 % 30 %

Scheme 2-1-2. 7 /L5 b REED B LR = VBT DIE AL

—

it

Ru
e

» cl ‘ H\CI

[Ru(CsMes)(OMe)], + CF3SOzH + CH,CI, |
(o]

Scheme 2-1-3. A b3 VB SED 1 LR = VRN T DT AL,

F DM, ZFLIREDD B IVR = BN TR T 5 AL SR DO A fl & L THlE S
NTBY, 4 FIBMIREETH =7 7 AKX — & ZBLIRE L ORI S B IVR = VAN G &

3 (a) Rondon, D.; He, X. D.; Chaudret, B. J. Organomet. Chem. 1992, 433, C18-C21. (b) Trakarnpruk, W.; Arif, A. M.;

Ernst, R. D. Organometallics 1994, 13, 2423-2429.
4 (a) Lu, C. C.; Saouma, C. T.; Day, M. W,; Peters, J. C. J. Am. Chem. Soc. 2007, 129, 4-5. (b) Saouma, C. T.; Lu, C. C.; Day,
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NTW5, BRSO RMHRIIZEEE TV F Uk e BLRE L ORIGT, —BF
MEMRE LI E BILREDP D DNV R =B 2R TE 5 Z &2 HE L TW5DH (Scheme
2-1-4), 5 RIS TIE, “MbRFED C=0 FALA I IVR=VENL A L7 D | 7R OFER I3
KU REEBITKE LTHEET D,

Scheme 2-1-4. “FR{LEZFE R D 71 V7R = )VBUEF DTE K

VR NVENL % 1 DT T 585K 2 O&RIEIE, Scheme 1-6-1 (TR L7eT =4 %7
e RY K FAZ—L T@bRFE E OIS OMIZH WL O0@EIN TV D, FrEOHE R
& TRMLIRFBIIEIR TG Ly AKOBiEEE & HIcsEK 2 A4+ (Scheme 2-1-5), 5 $E{& 1
XAZ =L ERIGE LAV, K 1 L b REFERE VD ZEREA X VK
{Cp*Ru(u-H)}s(us-0) & A % J —)L & OFGTIIARDMLEEE & HI28HA 2 284555 (Scheme
2-1-6), 7 F£7=. Scheme 2-1-4 THOLNI-A~AF =V T UKL KFE L DRIETHEKR 2 ARk

9% (Scheme 2-1-7), 5
\{,r \fR’

Ru

i 1eq.CO,
/HH
R \ /
U
I~ Su /3)/—( decane, 180 oC 5" Y /;%

Scheme 2-1-5. $&(K 1 & Wbk & OIS K D8R 2 OERK

T

Ru
/ \ 179 eq. MeOH H \
—_—

/ ‘
H
/ \Ru . H20, H2 / \Ru
X 2 CeDs, 70 °C

Scheme 2-1-6. —HEZEEAF VEEIRE A % ) — )L & DT X D8R 2 DERK

i -

—I

M. W.; Peters, J. C. Chem. Sci. 2013, 4, 4042-4051. (c) Tsui, E. Y.; Agapie, T. Polyhedron 2014, 84, 103-110. (d)
Shimogawa, R.; Takao, T.; Konishi, G;; Suzuki, H. Organometallics 2014, 33, 5066-5069. (e) Krogman, J. P.; Foxman, B.
M.; Thomas, C. M. Organometallics 2015, 34, 3159-3166.

5 ﬂﬁw Me—, SEAram s, H L3RS (2007)
6 KB PN, Lm0, UK T¥E KRS (2003)
T ET, PRI, B TR (2005)
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‘ﬁf

1 atm H,
- CBH14
CeDg, rt Y

Scheme 2-1-7. FRAVKFEBUNL T DO BIBEIC K D880 2 DR

ERONEE S LT, RET ;‘r%ﬁﬁs 2 DA —NT v A LA RIES, fIENES 2E
BIEICOWTHEET D, £, 3 HiCIIAGF HATEEER 2 OMEIZHOW TR D,

FE2H ZSRBLT=UVLEBALKR=ZJLEYEF) FEXRDER
—BRALRFEZ W2 VR = VENLFDEA

PEIR 1 & 1 RIEO—BLRFBIXFIR THONIIKIE L, MO T T B LR = Lgkk
{Cp*Ru(u-CO)}s(1s-CO) 23Efk9 % (Scheme 2-2-1),8 Z D h /7R = JVEINL 1350 E 2 48 I [
EINTNDTORGICBEET, BAAERELZ R LR, £, HHEOT N7 L
R NVEERITIBESCKIZH L THRETH Y, ISEE R I 20,

Scheme 2-2-1. &K 1 & 1 KJEDO—{bRE & DG

D DO—I VIR BEBDPS LT BB RIS 2 IE T U, 4 EFO8EK 2 55 &
HENS, 2T, 5K 1 ITRIET 1 S ELO—LRBZBAZEANL TIRAICHIESERNOHK
NEITO Z & T, BEIK 2 oAk ERE LTz (Eq. 2-2-1),

e Y

u

R
/I
1eq.CO H ‘\H
—>
/H\‘
Ru Ru
j‘\%\ H//?);( THF, 60°C~rt Y/{\ﬁ]//?);(

(o]
2
57%

(Eq. 2-2-1)
Bon-BEBEAaoEEKE I T L7 a~ NS T T 4 —THET 5 Z & T 57% DOINERTEEE 2
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ERDH ZENTEIZ, OSRESCEAT L —MRILRFEORZ L 0 REICHIEIT 5 2 & TRERIEM
EFT2EEBZOND0, FHMRRISEIFEOBRFNEITE TR0,

EBILEWD D DB NR = VENL T DTSR

Wz, IO AR = VBN DENEBET D702, ST D07 5E2HET5 2 ENES
RTNTE RBEXOAX )=z WA 2 0/ EZRF Lz, E#E7 LT RTHDH 1~
TH IV LK 1 OGN ERE LT (Eq. 2-2-2), ORI LA Figure 2-2-1 (2R LT
(H NMR @ Cp* kA fLUEICHR), 85K 2 AR 2GR T 28, $5K 2 UG L. RIF
TE DR N DE /7 TV AR =K {Cp*Ru(u-H)}2(1-CO) (6) 734F B L7z,

By

R

u
// \
110 eq. 1-heptanal
H H ‘
"N >

Y/C ~a %\f( CeDe, 50°C

\fr

u

R
7 \H

| 9
/\R

"
H

Tx%gu i§1f . . . Unidentified
T \H/H Products

2 6

(Eq. 2-2-2)

Distribution (%)

0 20 40 60 80 100
Time (h)

Figure 2-2-1. $&%(K 1 & 1-~7 X F—)L & DRISEOFEFZEAL (50 °C, CeDe)

BEK 1 L 1-A~TEFT—ARNIST D 50 °C TIISEK 2 & 1-~TF X F— L ST 570
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BEIR 2 ZEINRTHEL Z EIIREETH D, DT AT E RTHLA Y NLAT AT E RERAW
7RIS HAT o 7208, [FERICEER 2 LA VY XL AT AT REDKIGHETTT 5720, TATE
R&ERWTEIA 2 28R THL Z EiFE L,

TATE REDRIGETRINANIEER 2 255 2 LIXTE oo, BB LR =11k
MEE D Z PR TE, ZOREIT Cp* ZXFFENL L T2 "L T =0 LT FTAX—T
VXA VIR = VB OB EHEASSITHE TS, IR = VR BT BN DO VAR =
RIS EITTHZ LR LTS, @RPLDOEBTEBENRINVE= VI TAZ—L0 HEL<, B
VIR = VB A & DFEE N ZTEAL SN TND Z ENFRRTE LB 2 b5,

AR )=V EROTS TR 2 Mo Z NP RBICE Y RES TS, 7 88K 11X
AL )= E RS LIy —HEEA X VKR {Cp*Ru(u-H)}s(us-0) (7) DA F VN7 1
M AL LB KIS ZFIT 2 Z & TAZ )=V EDRISHBEE 2 XME5Nn5, LiL,
\%m7tﬁﬂk1k@%k@ﬁm’iOTAﬁém5ﬁ\%m:1k@%&@ﬁm%ﬂﬁﬁéz

CIFEELLS, 2 hFHOBBLORLNOELSICEITT 2720, WIZEAAF VK
(Cp*RU)s(uz-O)o(u-H) DEIEE L 725, & Fo, BRICKT HRLZEMENGEHE 7 #27 a~ b
757 4 —RHNTHEE - BRTS e b LY, —F, A 2 13 e~ T T —E2
TEAL X VKL RGOS D2 ENARETH D, £ 2T, 5K 1 88 1 FELVOEEE &
DS HEER 7 L EAA X VEHEADK 8:2 DIREMEER L, TNOENBETHZ L7 A
& )=k DRIEEIT- T2 (Eq. 2-2-3),

ﬁr

—?

Ru

11eq.0
H MeOH ? MeOH (neat) ‘
—»
[ N} / \Ru ‘
/ ~{ O, H
Y?\H/% THF, 5o°c 2h \ - H20. Mz Y<\ /%

61%

(Eq. 2-2-3)
R 7 IR THEOMNICA Y /= VR L, 86K 2 #5272, BHoh - BBtanEEsz
FSAIaw NTT T 4 =TT 52 LT 61 % OUERTHER 2 2155 2 LN TEX T, FIED
A= NT v T HEEHTHY ., 1 BIOERT 1.3g DA 2 ZMERLED Z IR LZ,
PR T L& )R 2-T R ) =V EDROSTHEER 2 AT L Z LR LTS,
EOT v a— L ERWESEES S PREITBIE TE T WA, Thewalt HI1C X > THE STV
DKV T =0 MEEROF 2 252 L, 0 Scheme 2-2-2 (2RI G HERE A2 HEE LT D,

8 Suzuki, H.; Kakigano, T.; Tada, K.; lgarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem. Soc. Jpn.
2005, 78, 67-87.
9 Kang, B. S.; Koelle, U.; Thewalt, U. Organometallics 1991, 10, 2569-2573.
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CH CH
AT H i
/o /0' o /o 7)
H H ! H
cp—RE—|—Ru—cp* MeOH  cpi rE— | gRiu—cp Cp*—RI=—|—=Ru—cp*
/ \ / \ E— / \ / \ — / \ / \
Nept Nept Nep
7
CH
’ O O
o - HC
*_ [ — * w_ e — * w_ — *
3 Cp l}u\ /R{J Cp 3 Cp l}u\\ R{.I Cp 3 Cp l}u\ R\u Cp
-H,0 H— 2 —H H— '~ _—H -H, H— ) ~—H
\Cp* Cp* Cp*
o]

Scheme 2-2-2. 8K 7 & A % J — )L & O

TERLIRE DD DA VR VBN F DR

RIFRIZEVEER 1 & 1 fFEL0 fB{kikFEE 180 °C TRILSHDH Z & THK 2 56
N5 EWESNTWND, ° KEHITIAELHNCT H o 2 AN TWA, 88K 1 1% 180°C TF h &
L, closo BILTF 7P 25 252 bbb Tn5, 0 KO ISSM
Y IR 1 L TRLIRE L DORIGERIATZN, EIZT D EDRKIGNEITT B2, %)
AR 2 215D 2 LT T&Aehote, 5K 1 v v utr xS ruav g H 6
THZEDPREICEDHESNTNDD, B BREODRNWT 7 a~FH o LiX 180°C TH Kk
LW Z EPHFUICE > TR SN TND, 2 22 TR LTy 7 a2 0D RIG%E
Bt L7z,

a1 JED ZRBGIRFE L ORIGE 120 °C TITo7z, 92 FEE#ZOFHEER 1 @
HALRIT 57% TH V. 12% DR TEHA 2 NER L TWB Z & &R T, Ll [FE
2 2 5070 “BILIREN KIS T DI ETELD V=B IVK =), u-F % VK
(Cp*Ru)3(u-H) (1-CO)2(13-0) (8) b RIFRFEDE (11%) Ak L TH Y, TOMORFEEDILEM b
KEWZAERL TV,

10 Inagaki, A.; Takemori, T.; Tanaka, M.; Suzuki, H. Angew. Chem. Int. Ed. 2000, 39, 404-406.
UOER BT, S, B LR (2000)
2 W L, P, R TR (2013)
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Ru
H/,"\\H 1atm CO,
HH e

/Ru\ /Ru\ 120 °C,92.5 h
H cyclohexane
Conv. 57%

H H
|-‘| + VOW + Several
Ru/ \Ru Products

2 8
12% by NMR 11% by NMR

(Eq. 2-2-4)

THERWeE & LB E ORIBOSITMHEI TEL b DD, R IR 2 25T 5
FIEOBRFIZIIE S 2oz, N2 D bR FEO R & & BEICHIRT 5 2 & Tk 8 o4
RAEIZ SOl bRE [\ E S D Z LIRS & BN s s, ARUGICE LT E A B i3
L2 ho 77,

FAIARI T TR B AL A~ o VR {Cp*Ru(u-H)}s(us-772: 72(L)-nBUCCH) (9-Ce) & CO2 & DX
Ji% 80 °C TITV), ~Fr=VUF 8k {Cp*Ru(u-H)}s{us-7>-C=C(nBu)H} (10-Cg) & D V-HiriR
BN IR o T8I, KO TFORBERY & b7 o THNR=ZAEN T2 1 DETH~FE=UF
PEIR (Cp*Ru)s(u-CO){us-12-C=C(NBu)H}(u-H) (11-Ce) NERTHZ L MG LTV 5, 5 £7z,
PR 11-Co MEIRTAREELEMUSL, 88K 2 DERTL 2L bHELTWD, ZnbOIGEH
W, BEIR 1 L 1T U EDRISDRITKISERIC CO, ZEAL, ELITKFELZEATLHZ &
THER 2 DU VR Y FAKERR, 50% DOILRTHER 2 21572 (Eq. 2-2-5),
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Ru C—¢C.,
H/," \H //// LH.
/ 1-hexyne Cp*-Ru=\—|——Ru—Cp*
HH ‘ —_— ’ \ \
Ru'/ \\Ru H H—Ri—
XNl K4 w2 \
H THF, rt, 22 h Cp*
1 9-Cq
"Bu
4 O\
1 atm CO, 1 atm H, H ‘\"'
> cp—RiC—\——Ru—Cp* > | LA |
-H,0 \ / l -hexane yRu Rus
toluene, 80 °C, 18.5d R“\ H toluene, 80 °C, 2 d Y
0o Cp* o
1-Cg 2
50%
(Eq. 2-2-5)

HFLEE DILER TESAR 2 WA S NT-A, BRUICRIAR 005 &0 D SR ThH - 7=, H%ikd
HEICT N =0T UK 11-Ce 1% 100 °C L ETEAZAT 5 L BISUG L X 5728 SO
BT D 2 ENTE AR,

PLEDFERMNS R E A X ) —VEDKGE T Ry N TIT O FIENEG D E Z A b 2=
ThD, YIBIIARSZE > TERLIEHA 2 ZHWDZ L L LTz,

E3H SRILToVLESBHILRIL M) ERY FEEOHEER
SEIE 2 Doy THETE

IR 2 OA~FH A -30 °C THET 5 Z & THRonRa7 oy 7 REEmE T,
HfEaE X SRR 21T o 7o, B B FICIX RO MFE L Tnie, 8851k 2 @
molecule 1 D4y 7-4#i& % Figure 2-3-1 {2, molecule 2 D4y &% Figure 2-3-2 (o L, F72kE
AF. #WAA%E Table 2-2-1 12737,

13 H7E 1L Rigaku R-AXIS RAPID [RIFF3EE & VT —130 °C T4TV>. Rigaku Process -AUTO program (2 & - TF
— X A U, REEITEASRICE L, ZEREET P2i/c (#14) Th o7, fEHTICEBWTIL, SHELXT-2014/5 K&
Y SHELXL-2014/7 70 7' ARy r—V% AV, BEEICL VLT =0 ARTOEEEZRE L, 7— U =Gk
I Lo THE B IFARERTFE2RE LIZ, molecule2 DHLR=ELTF & Cp* D 1 DIZIET 4 A4 —F —3F
T DD, T AA—F—DEFREZZNEI 54:46,55:45 & L. Cp* ZHIEL &7 L TR FORER M8
FHM7ZRM XI5 XD restrain 03T 5 Z & THEEZ ik L 7=, SHELXL-2014/7 7' 75 2 & Wi/ 5
BIZ L OREEL L, FERBIR T &2 IR L,
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Figure 2-3-2. $&(K 2 D4r1-Hi& (molecule 2, 30% probability)

Table 2-3-1. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(?) 2.6623(2) Ru(2)-Ru(3) 2.6916(2) Ru(3)-Ru(l) 2.6992(2)
Ru(1)-C(1) 1.998(2) Ru(2)-C(1) 2.010(2) C(1)-0(1) 1.186(3)
Ru(4)-Ru(5) 2.6792(2) Ru(5)-Ru(6) 2.6800(2) Ru(6)-Ru(4) 2.6961(2)
Ru(4)-C(32) 2.022(4) Ru(5)-C(32) 1.977(4) C(32)-0(2) 1.196(5)
Ru(5)-C(32A)  1.976(4) Ru(6)-C(32A) _ 2.047(4) C(32A)-0(2A)  1.206(5)
Ru()-Ru(2-Ru(3)  60.549(6) Ru(2)-Ru(3)-Ru(l)  59.188(6) Ru(3)-Ru(1)-Ru(?)  60.263(6)
Ru(1)-C(1)-0(1) 138.42(17) Ru(2)-C(1)-0(1) 138.19(17) Ru(1)-C(1)-Ru(2) _ 83.26(8)
Ru(3)-M-C(1)* 14273

Ru()-Ru(5)-Ru(6)  60.41(1)  Ru(5)-Ru(6)-Ru(d)  59.780(6) Ru(6)-Ru(4)-Ru(5)  59.812(6)
Ru(4-C(32-0(2) _ 138.3(3) Ru(5)0-C(32)-0(2)  1375(33) Ru(4)-C(32)-Ru(5)  84.13(14)
Ru(5)-C(32A)-0(2A) 137.3(3) _ Ru(6)-C(32A)-O(2A) 139.0(4)  Ru(5)-C(32A)-Ru(6) 83.53(17)

* Mercury ZfEH L CaIHR L7z,

M X Ru(l) & Ru@@ O s EFET,
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molecule 2 12137 4 A4 —Z —N{F{ELT-72®, molecule 1 OEEFIZHOWTiimd D, —AZ/L
T =7 NERIE 2.6623(2), 2.6916(2), 2.6992(2) A D "IN =B ATER L. VIR = VB AN
ZEE LTV D RU(L)-RUQR) FEAD BN T2, 85K 1 @ Ru-Ru #54 IZTHK 2754 TH Y,
8 DNVAR=NENLAPFEASNTZZ L THLELSL>TWD, 2O Rus B OME/NORKIL 7~
BAPE D VAR = WL F A A L2 2 LI K 5, Rus BROBTEEORTRELEXLND, 48
& F 8 1k {Ru(PCys)(CO)}s (Cy = cyclohexyl) = f -~ . 44 6 ¥ §f Ik
{Ru(PCys)(CO)(u-CO)}s(uz-H)2 @ Ru-Ru #E&FL< 72 56175 Siiss-Fink H 2 - THE SN T
B0, ¥ Zo 44 FEAEAD Ru-Ru REIFEEE (2.6702(6), 2.6931(7), 2.7180(7) A) 138k 2 LixiF
FLCThHoTe,

ZEKE I VIR = VB & Rug O MAIE 37° THhotz, & KU RENLFD 1 DF AR
SOVEAL A E K OmICZEEB L TEY, KOO 2 DI B VAR = VEAL A LR Ul o
Ru(1)-Ru(3), Ru(2)-Ru(3) MIZAUE L T e, ZE I VAR = VBN L 48 G e R Y RENZFOSIAER
KFEIWZ L, 3 50 Cp* MY Ruz Fib —HEMEE N U FMANSEYE) 11° #ii> Tnie, o5
R 2 1XENLAREIFNZREEIRTZ N BIVR = VAL Ru-C, C-O A ORREkIXEALAZFN 22 =K%V
T LRGNV R = VBN EIEE A EED Lo (Ru-C, 1.97-2.16 A; C-O,
1.18-121 A), w15

SEIE 2 OIREFZE HNMR

HfESL X BAEEAATIC LV, 85I 2 13 Frm 2 FFo8siR CTh 5 Z L dbro 7t 20°C T
HIE L7 THNMR A7 LTk KU RS §-1217 ppm (27— K72 1 Ko —27 L LT,
Cp* 2% §1.87 ppm ([Z¥ ¥ —7 72 1 KO —7 L LTHLE SN, 20°C @ HNMR A7 k
JAT I VAR = VB3 =% B A B E) L, RS T Co tFREDOREE & 72D 2 & 2R L
TWb, =100 °C CTHIE L7 'H NMR A~ kLTl KU Kov 7 §-9.30 ppm &
5-21.48 ppm 12 2: 1 OFENHD 2 KDL 7 FTHH LT, 7=, Cp* D7 F Lt 51.86
ppm & 51.85ppm D 2 KD 7~ LB L TEEZE Sl (Figure 2-3-3), —100°C To H
NMR A7 RVITHLSEE X BREEMATORE S & Bk, Co tFrEDHEETHH Z L AR L TV
%

14 (@) Suss-Fink, G.; Godefroy, I.; Ferrand, V.; Neels, A.; Stoeckli-Evans, H. J. Chem. Soc., Dalton Trans. 1998, 515-516. (b)
Suss-Fink, G.; Godefroy, I.; Ferrand, V.; Neels, A.; Stoeckli-Evans, H.; Kahlal, S.; Saillard, J.-Y.; Garland, M. T. J.
Organomet. Chem. 1999, 579, 285-297.

15 (a) Hashizume, K.; Mizobe, Y.; Hidai, M. Organometallics 1995, 14, 5367-5376. (b) Tenjimbayashi, R.-i.; Murotani, E.;
Takemori, T.; Takao, T.; Suzuki, H. J. Organomet. Chem. 2007, 692, 442-454. (c) Yuvaraj, K.; Roy, D. K.; Geetharani, K.;
Mondal, B.; Anju, V. P.; Shankhari, P.; Ramkumar, V.; Ghosh, S. Organometallics 2013, 32, 2705-2712.
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(@) (b)

293 K 293 K
263 K 263 K
223 K
( J 193 K
JL- 2
A 2+A
[ — _.A,,,_ 173 K
4 36 38 925 93 935 215
iy oy o
1388 155 1 132 2 4 B I N PO I C O TR S I
¥ippm #/ppm

Figure 2-3-3. $1K 2 OIRFER[Z 'H NMR (a) Cp* #81% (b) & KU K fEiK (400 MHz, THF-ds)

—70 °C U TF TIFRETIIBESNARVER A kO FU FoE—2778 §-359 ppm &
5-9.31ppm (2 1:2 DOFESHTA Uz, —100°C TOSA 2 L85A A DI 12:1 &85
7oo BRETEBROFER L0 | A A 385K 2 VP ORRICH 5 Z & AR L7 (Figure 2-3-4),
(@)

4 6 8 0 Az 4 s s 20 22
(b)
Irradiation 51% decrease 49% decrease
4 5 8 o Az 4 6 A8 20 22

Figure 2-3-4. -70 °C TO$&K 2 OWRH EER () &2 L (b) §-3.59 (ZHRET (400 MHz, THF-ds)
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BEA A OB RY RO 7T 1:2 O TBESND 1=, C MHMHEOHETH D &
FTHEEIND, LoL, DFT HETHE 2 ORMIKTHD Co MO EIIE LN 5T,
WG L LT Cs 1A H > Figure 2-3-5 @ i~iv ([ZOWTHEERE(L 21T > 7223, 0, ii 1%
Scheme 2-3-2 @ B ~IYH L. iii, iv {ZH /LR = )LEN D C-O BIEEEENREICE S 20 INF L
oty ZDOT ., FEA A 1TEHA 2 12 THF-dg 2B L7-HEETH Y L 85K 2 Lok A &
DT THF-dg OEL & BiBEA ST LI A EET 2 & B2 b D, $6K 1 OFE, -120°C T
®D H NMR A7 MUVTHIRBEORNITEER SN oTz, DVR=NVENLFREANS T2
ETERBEF LD Lewis BRMEN E L, WIEORMPMBEZINT-EE X LND,

(o)
T H H_  H H  H H H_  H
") NV M N M
H/ i \H Cp*-R{- ——Ru—Cp* Cp*—R(- —~Ru—Cp* Cp*—R(- ~Ru—Cp*
¢o / / \ / \ /
Ru\ /Ru\ Ru\
o (o]
i N

Figure 2-3-5. $f& 2 0 Cs Witk & 72 2 BV DF] (FIHE O FIHIHE L)

Casey Hl Cp* F#& RN - & 5 =L kB A B VIR = )UEE R CEEE 7 V7R = )LD
A& ZHEB AR = AVEN D NMR ¥ A DA — )V CRIET 52 ExREL TV
(Scheme 2-3-1), 16 $&1K 2 OEhAY=EENE, Scheme 2-3-2 (Z/"9 K 95 72 ZFHAUE I VAR = VAL
%%0¢%W%ﬁmﬁé:kf3«w>m*%ﬁ%ﬁ &é%@kﬁméhé

\
\c o

N \\ A
§:4/ E= S 4L/ :==‘ )j§77
/

Scheme 2-3-1. #ifﬁ = AV N S BN ,A/I/%{ZIE@@JE’J%@J

(o]
O
wl/\ . C Wk&ﬁcp
p u A —_— * P —_ p *__| u_ A —_ *
= N\ \\7; = Y =

Ru\ - \ Ru\
/ Cp* H * / Cp*
H H
2 B 2

Scheme 2-3-2. $&{K 2 OENF)ZEHE)

16 Casey, C. P.; Widenhoefer, R. A.; Hallenbeck, S. L.; Hayashi, R. K.; Gavney, J. A. Organometallics 1994, 13, 4720-4731.
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SRR 2 OEBERFEL

1 VIR = VENL - OBHIZREN ISR B Z2RH L TV D EBEX 200N EHITH L0, ik
Dbz T, ZORER, b SN7oiE s UTR 27 & VAR = VRN A OBENLTE R
AL L7z {Cp*Ru(u-H)}s(15-CO) (B) MG HaLiz, $&K 2, B O4y1Hi&E% Figure 2-3-6, Figure
2-3-7 |2, ERFEGRE. #i6 % Table 2-3-2, Table 2-3-3 (Z777,

“imr%

Figure 2-3-6. #81& 2 O bAEE (Cp*Ru)s(u-CO)(u-H)2(us-H) (27)
(wB97XD/CO ligand, hydride ligand: 6-311G(2d,p), other C, H: 6-31G(d), Ru: SDD)

Table 2-3-2. Selected bond lengths (A) and angles (°) of 2°

Ru(1)-Ru(2) 2.66019 Ru(2)-Ru(3) 2.71136 Ru(3)-Ru(1) 2.71292

Ru(1)-C(1) 2.00739 Ru(2)-C(1) 2.00587 C(1)-0(1) 1.17574

Ru(1)-Ru(2)-Ru(3)  60.66096  Ru(2)-Ru(3)-Ru(1)  58.73664 Ru(3)-Ru(1)-Ru(2) 60.60240

Ru(1)-C(1)-0(1) 138.31624 Ru(2)-C(1)-O(1) 138.43430 Ru(1)-C(1)-Ru(2) _ 83.03523

Ru(3)-M-C(1)* 141.78053

*M | Ru(l) & Ru(2) ozt
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Figure 2-3-7. i {bi%iE {Cp*Ru(u-H)}s(us-CO) (B)
(wB97XD/CO ligand, hydride ligand: 6-311G(2d,p), other C, H: 6-31G(d), Ru: SDD)

Table 2-3-3. Selected bond lengths (A) and angles (°) of B

Ru(1)-Ru(2) 2.66870 Ru(2)-Ru(3) 2.67230 Ru(3)-Ru(1) 2.67100
Ru(1)-C(1) 2.12776 Ru(2)-C(1) 2.13575 Ru(3)-C(1) 2.14602
C(1)-O(1) 1.18256

Ru(1)-Ru(2)-Ru(3)  60.01222  Ru(2)-Ru(3)-Ru(l)  59.92704 Ru(3)-Ru(1)-Ru(2) 60.06074

Ru(1)-C(1)-0(1) 13415474 Ru(2)-C(1)-0(1) 133.82504 Ru(3)-C(1)-O(1)  133.43269

Ru(1)-C(1)-Ru(2)  77.50208 Ru(2)-C(1)-Ru(3)  77.23350 Ru(3)-C(1)-Ru(l)  77.35891

G-C(1)-O(1)* 179.33365

*G 1% Ru(l), Ru(2), Ru(d) OELEHET,

PEIR 20 OREEITHLES X BAEIEMNT TR O N8R 2 oG L 12T - L, BAEEDR
51X 002 A UINTH Y, #EADEEIT 1° UNTH -T2, HIVR =) VENL DS RIREAL 0
ZEkE LT &L KR IS 2 O CRHRE 21T o 7203, E O b RIS 29, B @
ELHEMMINEK LTz, BRIETOXF T AHHT R X —%2 T 5 & 8K B 07058 1.2 kd/mol
PUssE 20 L0 b EEEWVIERICR -T2, ZOFEMEEY ThHUE, BIRTHHE B ©
ERKRELRDIETTHLIN, EBRIZITBH S e ho Tz
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PRI 20 DHYTHELE

BEIR 2 O THEUEICBT DI REG D700 5K 27 OXIFRIEZ AN L TR OIS O it
AT o7, D IVTZ8EA 27-symm OFEEIZEEA 27 LIFIER L ThH o7z, SHK 2°-symm DR
W72 5y #E % Figure 2-3-8 1Z/Rk L7=,

MO#139 (HOMO-6, -7.794 eV) MO#144 (HOMO-1, -6.355 eV) MO#145 (HOMO, —6.268 eV)
(Iso value 0.02, top view) (Iso value 0.02, top view) (Iso value 0.02, top view)

O
(2]
O

Ru Ru
Ru Ru Ru Ru

Ru Ru Ru

Figure 2-3-8. &K 2"-symm DHFKI) 725y F-HLE

THEBEIR DY J1 VAR = VBN CTRIEE S 2 BUE OF AEAEH & [FIER. MO#144 (HOMO-1) T
HNVRZNVENL D o fit5, MO#145 (HOMO) TR 111D W VAR = VENL D 2% $uE -~
OGN X7, MO#139 (HOMO-6) T, MO#145 (HOMO) ® H /LR = ENL1D 7*
LE & EAR LTz 2 $lE~OWfk 5238122 <7z, MO#139 (HOMO-6) Tld A V7R = VB 173
EL TS 2 ORI F-OMICHEAIEOHAEERZH Y . ZOHuEN EAHLEICR D &
Ru-Ru MDOFEE RIS 5 Z ENRE I D,

gk 2 o CV BIE

BEIR 2 LEER 1 OGBHPLOBTEEZILET 720, 5K 2 OV A7V v IRV EZES
7 L%&WIE LTz (Figure 2-3-9, Table 2-3-4), 412XV E5K 1 @ 0/+1 MOFR{LIE TR O =% BT
I -731mV ThoHEMESINTWVDLDIZH L, YV 85K 2 TIZE Y @mEMD -578 mV (ITHELHI S
N, T, VR =B FOBENCL D BB LOBEBFEENMIFT LI EA2RL TN,
F o K 1 O 01— OFLIETTIE O R BALNIE I L » ORISR RN S, -3000 MV F2E
ThdrEEZOND, K 2 TIELVEEMND 2451 mV ([ZEBHIS N, ZHIEA VR =R
MFIZEY, T=F U MEERNREEIL SN EICERT S EE2bN5, 728, (@) O * TR

Voo R, AR L, AU TR (2016)
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L7-E—721.1 ik ) & 2 ik @Y oM THs -041V THVIKRLTRII L
(b) TIFBLIE L7, Lo T, 885K 2 DEML ST LTIARIIC L2 b0 THDH LB
2 Hid,

@ (b)

Current [pA]

-100 =1100 2100 =3100

Current [pA]

3rd2nd

Potential vs Fc/Fc+ [mV] Potential vs Fc/Fc+ [mV]

(C) 2nd (d) 1st

—-350 -850

5

4

3

—_ . 2

3 1 é 1
(3 (3 1 -2100 Q0 2500 —2700 —-2900

-3 )

-4 3

Potential vs Fc/Fc+ [mV] Potential vs Fc/Fc+ [mV]

Figure 2-3-9. $&(Kk 2 DY A 27V v 7 ANV ZET T A (5K 1.00 mM, SCRFEME TBAPF 0.1 M,
REIRE 25°C, {EMM Pt, %[5 Pt, 2/ Ag/Ag* (TBAPFs/MeCN), WNilfEHE 7 xut | 7
SIEEEE 50 mVvs?t, JHlEHPH () -3.01-+0.39V, (b) -3.01--0.41V, (c) -0.81 - —0.41V, (d) —2.81 -
-2.11V)

Table 2-3-4. $81K 2 O LiETTENL [V vs. Fe/Fc']
Solvent Conc. Rest. Wave Scanrate Epa Epc Ew2z  AE  ipc|/lipd]  Reversibility

[MM] [mV] [mVvs?]  [mV] [mV] [mV] [mV]
1 50 -2390 -2512 -2451 122 1.23 quasi-reversible
(0/-1)
THF 1.00 -1058 2™ 50 -523 -633 -578 110 0.56 quasi-reversible
(0/+1)
3rd 50 -418 irreversible

$EIR 2 OBMREMNE

PRI X o CTEEIR 2 OBV ZEMERNHRE SN TWD, 18§k 2 28 THF 1, 140 °C T
BN T2 & 2 A, IRA IS SRR 6 ITafRLT- (Scheme2 -3-3), FEAl e SO I IR ZD5,
VR NVENLFNEANSNT-Z & T, 7T AX—FHROBREREEDMET LTS Z Ebn
%o AV = VBN IZZ8E Sz Ru-Ru FEIERREDNRRIZE S 72 0 | oD Ru-Ru #5565 20395< 72 %

18 Takao, T.; Horikoshi, S.; Kawashima, T.; Asano, S.; Takahashi, Y.; Sawano, A.; Suzuki, H. Organometallics 2018, 37,
1598-1614.
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2w

R,

THF-dg, A
Conv. 11%

TSR 6 NIEWICLETHDL I ENFRITEEZ WD, B
72O, TAHrOE I @EBORENVERIE & DOKIGIZ

[o]
Cc
Ru{ \,Ru

6
8% by NMR

Scheme 2-3-3. §&{K 2 D7 T A X —"F 4D/ iR

PRk 2 LR EDORIE

iR 2 Ot FU ROWEZHRARL7-0, KR EORISEKRH LTZ (Eq. 2-3-1),
T FIVNER DT, 2,2-01, 2-dy DIEMER ELIT 0B 7208,

53 HFfEI#ZIC
IRy T2,

H2 HD, or D, Y<\

do

ARE LTI 3 B
81% Dbt KU RNHEKFE &AM L 7= (Figure 2-3-10), KEALAINADRITEIER X
HD DR IR TX 7=,

BT =0 DGR = B U B R Y REERD G R KL UMEH

EMEME T 5

ES T APRGAY AN

(= VR NI &
50%,

5

2-d,
(n=0-3)

(Eq. 2-3-1)

\fR’ *f,r
Ru Ru
1 atm Dz
3-n n+2
(n=0-3)
(@) (b)
0h 0h
H,
HD HD HD
3h jk 3h
53 h 53 h

455 45 415 4 438
&/ppm

473 106 08

ETRRRRRET R T T I

Figure 2-3-10. 1K 2 & D, & D& (a). Hy fEIK (b). & NV RfEHEE (400 MHz, CeDs)
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A 1 & Dy EORIETIE, 3 KHTE Y FAZRICEKRILIND, 8 B/VR= VRN

FREAINTEETOLOEFEENMIT L2 Lok, EAEOBILAMINNELS 25 2 &
NnoT,

PR 2 1% 8 KUEDKFEFIK T, 60 °C THMEL TH H/VAR=/VENLA DIEEN L & 7200 2

EDFEREIN TS, 1 LnL, BBFE L ORIGTIE B LRFZBOAREZ & bRV E R A% V5K
WERT 25 2 LRI S L 2257 (Eq. 2-3-2),

ﬂr e |

R Ru
0, W7 ‘ NH 0, \
—_— e ——
0, /0 0\
\H v
7

N -H,0 /
—Ru_} { R \H Ru/}\%

(Eq. 2-3-2)

P °

ARETIE, $6E 2 DR =7 v 7T LI ERRIES, SIERAES R ERIEII O N TERL
Too S8R 2 IZHNR=NVENAFPEASNTZZ TR 1 K0 e RPTLOEFHEEMET L,
ZHUT & SRR B 705 Z MRS Tz, T b OBRIGITEEER 2 OOGHEIZ %
rHEZDEEZBND,

AR B, ELERsC, R LR (2005)
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B3 SHATSOAEHAARZL R b R REER & R LR & ORI

E1EH #E

FTBMFZER CIE 2N E TICEEE 1 & & S ERRERMRILKE L OREERE L CE -, 84
K1 ExF L EDRISTIEEEER EIZ 2 5 FO=F L URBEAIN, G TF VT — =H4
BT U U8R (Cp*Ru)s(u-CHCHa)(us-CCHa)(u-H)2 23ER%9 % (Scheme 3-1-1), ! —=F L D
DOVIC—BRT V7 ThD 1-~Fr o 2AVEEE EORY AL 1 HFICHIRE .,
TN =15 A 10 23555 (Scheme 3-1-2), 1 7 =1 5 UK 10 12 70°C LAET
WEENRLT LR R 9 L OVEIREM E 72V, 80 °C TiX 1:1 OVHHREMINEOND,
TEEFNAIE T LR R 9 TR 1 & 1-_NUF U L DORSTERICHEL LN TE S
(Scheme 3-1-3), ! $&%(K 1 LIERRV =L THD 1,3~FVH VU LORISTIEVLTFT UL
s {Cp*Ru(u-H)}s(us-nt: 172 t-CHCHCR) (us-H) (12) 34K L, $81K 12 (£ 50 °C LLETT V7
= U F A 10 1R MALT % (Scheme 3-1-4), 1 Zd X 9, K 9,10, 12 1L DEFRIC H
% (Scheme 3-1-5),

l
Ru \C7C\
NIANT IX A
/ 3 CH,(CH,);CH=CH, Cp*~RuU=\—|—=Ru—Cp*
' !'\I\ _— Cp*—Ru=— \Ru—Cp* —~—— , \ \
R [ \R 2 C.H | \ l H Ru/H
u u -2 CgHqg o
1% e / 80 °C Naos
Y<\ \H/ % H Ru\ H Cp
Cp*

1 10-Cq 9-C,

Scheme 3-1-2. $8%{k 1 & 1-~Fk L L DORIL

"Pr
;|2 H

N
Ru c—¢C.,
AN IX | i
/ 1-pentyne Cp*—Ru=\— —R\u—Cp*
HH ‘ —_—
[ REETDR, ) Hz ! \R“\//H
1 9-C;

Scheme 3-1-3. 8K 1 & 1-_UF o ORI

LA AR, OLam S, HUR LHERT (2001)
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Scheme 3-1-5. $&%{4& 12,10, 9 [H D EMH:AL,

Scheme 3-1-5 (Z7R L7 PFEHR AW D 5 B & b RUISHEDmWEMEAITEE 10 TH Y, ik
[R5 & ORIG TIPSR 10 Z#8m U TEAR 11 23467 5 (Scheme 3-1-6), 2 FLME{ARM CROGHE
MRELSRRDTID, ZBNT =0 LARISEOSIER), BARIREREOENN D, 58RO
EMEIZ ED XD REBNPERNDIFRD ZLITEETH D, AETIE, §HE 2 &R fafRIEK
L DOROEZATV, RSO TR & 2 BKRB~DZEL, LR OMNE 2777,

H l
c

Bu
\
C_ SN
IX |
Cp*—R’Iu‘\— 7R{J—Cp*
H—Ru\/ H
Cp*

9-Cg 10-Cs 11-Cg

Scheme 3-1-6. $&{K 9,10 DO PHNREY & bk & Ot

B2H =BILT-VLEEALRZLNIERY FEELET LTV LEDOER
(a) ZEEB/=F VY VUK (Cp*Ru)s(1-CO)(us-CCHa)(u-H)2 (13) DA

BEIR 2 L= TF LU L ORISEEIRT 1 KHfTo/ & 2 A, —HEBF Y VUK
(Cp*Ru)3(u-CO)(13-CCH3)(u-H)2 (13) 285 5072 (EQ. 3-2-1), 'HNMR A7 hLic kv =&
AR EMR LT, =X OERIT 1 HFOTF LU PNKkFEZT TR 2 05 2 DO K
U RENL 2RV, 2 2 FHOZTF L UNKIG LT Z E 2R LTS, $5K 13 O
% Scheme 3-2-1 (Z/”k9, 2 W TFHDOTF LU L OGS TE =LK C 2AERKRL, Ee =1

2 RKApAR BE—, FALEmSC, B LHERT: (2007)
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FLNZF D Ru-H FEE~OFAZ LY =F U F oA D Al Ehb, 20k, =F U7 Ui
L+ ? aC-H KGO X | $5F 13 23ERT 2, 2k, B=AHEE C LT U7 2 HhiH
K D DOANR=NVENLA DALEIZDNE 200, ARONEEZFTEL TV 2D,

Me
2 13
quant
(Eq. 3-2-1)
pIRe _ o ]
Ru H H
W/ ‘RH 2 C,H, \// \\
H — 3 | Cp*—RU- —R'Iu—Cp*
/R"/ \R‘”\ G \RU/J/
T
u L _
2 Cc
i o] i (o]
H H H
— Cp*—R\N —Ru—Cp* —_— Cp*—R\K \—\Ru—Cp*
N\ /N N\ a4
Ru Ru
N\ Me N,
Cp* H Cp*
Me
D 13

Scheme 3-2-1. $&5{K 13 DA pkEAE

ZEKG T N = VBT D M-H RS G~ O K D2RE 7 VX% U 7 VB DR O Bl
R HALTN DA, 8 Lewis % CO DEAIZ L WEEET V7 = BN RE T vx U 7 Bl
NA~EHEINDZ & &R LTS (Scheme 3-2-2), 3 £7-. FrBIIEEOMHRITEEHA 1 &7
EFLEDRIETHOLNDEA L= RN TV U — = F ARG LN D 2 & &3
HL TS, SBET V7 VRN R ZERET T U O VB ICA R SN DRI, AT
Lo THESN TS (Scheme 3-2-3), *

3 (a) Johnson, B. F. G,; Kelland, J. W.; Lewis, J.; Mann, A. L.; Raithby, P. R. J. Chem. Soc., Chem. Commun. 1980, 547-549.
(b) Doherty, N. M.; Elschenbroich, C.; Kneuper, H.-J.; Knox, S. A. R. J. Chem. Soc., Chem. Commun. 1985, 170-171. (c)
Takao, T.; Takemori, T.; Moriya, M.; Suzuki, H. Organometallics 2002, 21, 5190-5203.

YRR e, LR SC, HUR LERYE (2002)
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it

ST U AEBANER =L N Y B RY REER & REaFnmRALKSE & OIS

(CO); (CO)s

Os\H Os S—H
/ \| 15 atm CO / \|
— —

(0C);0s 0s(CO); ——— 3  (OC)0s 0s(CO);
\ Q—Ph A |\ /Jh
(con, (CON, LNy

Scheme 3-2-2. ZR4& 7 V7 = )VENL - DR A K D& T v U 7 U BL 1 DI RL

Ru
H/ |§H 1 atm C,H, . —_—
K p*— —Cp* Cp*—Ru Ru—Cp*
/R‘u/ S\R‘u\ " |\\ // | s INSPA
WSt N e

Scheme 3-2-3. ZUE=F U 7 L ENLFD C-H fEAYINNC L2 ZBEEUG=F U ¥ U ENLF DR

PEIR 2 L TF LU EDORISTIE=F U P UK 13 Ao/, FU 4 E18EThD
R 1 LT LU EORISTIE, BE=U 7 UEHANRRG LS (Scheme 3-2-4), * Z DRIESHED 7
FIIE =V FMERORIEHEOEVNCERNT I b0 EZ N5, Thbb, k1 LoFL v
EDRIETIEE, 2 A TFEBOZF LU EDORIETERT D E=/LHRK ET aCH fHEDORZEMN
BE, E=U T UBEERNAERT D, 1 — T, 881K 2 & ORI TIE VR =B DFFEIC &
> T aC-H & OUE I S, FASIEHEIT LD EEZBND,

Ru H_
H/// K 2C,H, Cp*—Ru//, /QZ;RU cp*
/HH\ -C,H | \ / | i Cp ;Ru4
/Ru—Ru\ 2% Ru\ H l
Ny cp*
1 E
_ . _ o
pIRe 4 H
Ru H H \
AN 2 CoH N c *—Ilu/—/ CRu—Cp*
2114 AN p P
] | | X T N
X /—\R"\ CHs \R”\/—/ Ru\Cp*H
o _ -
H

Scheme 3-2-4. E = LR D KD &
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(b) ZEEB/E =V T UK (Cp*Ru)s(u-CO)(us-C=CHy)(u-H) (11-C2) DA

BEIR 13 OBEMREZATO Z & T E= U T UK 11-Co F bz, B =V 7 U8k 11-Cy 1
70 °C LA EOMBEATI S 528, BUSITIEFEICEL< . 26 AMIINEAL THIRIL 61% Tho7-
(Eq. 3-2-2),

N
7 N \
Cp*—Ru—\ /—RU_CP Cp* —RU —Ru—Cp
Ru/ Ru/
Nep* 70 °c 264 \Cp
conv. 82%
Me
H H
13 1-C,

61 % by NMR
(Eq. 3-2-2)

PR 1 RO ZHEBT A XY DUSERE L TR, /AT AT XY DR
[{Cp*Ru(u-H)}s(us-CCH2"BU)] DARHIE SN TS, 5 ZOF I F AU MR e Y PR
L DRISTIE, FHEOTAX Y DUk F OAERPERE SN AR, 74X DUk F ol
R TN =TT UK 10 S 5TV D (Scheme 3-2-5), Z OFERIL, T T XY P
BEA F DO OBIKENIEFITES EITTHZEERLTODH, 5K 13 O ORBKEIZL D
PEIR 11-C; DAERITIEFITE, ZORERIT, 5K 13 TIEA VR AN AFPREAINTZZ &
WX, BAERIH SN2 L2 RTLOEEZ NS,

LiBEt;H

—
-78 °C

Scheme 3-2-5. &/ I F A MT L) DUikE v R R L OIS

BAKFBITIEFICEZIZ<WEOD, =ZF LU 20D 2 L TR 13 ok RU RENL -2 ED
br&, $81K 11-Co 28T D2 ENAHETH -7, 8K 13 (X 25 °C T=X U ORiffkEE & bz
PEIR 11-Co ICEHA S D (Eq. 3-2-3), 7eds, BHIR 13 1Tk & S L, AT Lo THdE T
WDAF VEEERPELND T2 (Eq.3-2-4).° 885K 2 ZJFEIE L7V ARy MEETT> TV 5,

5 Takao, T.; Suzuki, H. Bull. Chem. Soc. Jpn. 2014, 87, 443-458.
b REAAT By, SPOLm S, HOR TR (2002)
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o o]
/Rlu\ 1.atm C,H c*R\K\\R Cp* 1atm CH C*R/\R Co*
atm C,H, p*—RG2 —Ru—Cp 2Hg p*-Rd —Ru—Cp
H JI H . N % — %
/TN - C2Hs Ru/ - C2Hg N RIY
Y?\Ru Ru/}\% rt Cp* rt,4d /\/X/ Cp*
Y Me
(o] H H
2 13 11-C,
61%
(Eq. 3-2-3)
[e]
H /H\ o
Cp*—é& L Ru—cp* ©2 *_ 4_ —Cp*
\Ru% €0 IL\>RU,/L|L
Nep* N«
Cp \{/ Cp
Me Me
13
(Eq. 3-2-4)

() BF=F VU —ZHEB=F U DU (Cp*Ru)s(u-CO)(u-CCHs)(us-CCHa)(w-H) (14) @
ARk
PEIR 11-Co 1T 46 BEEARTHY., b9 1 HFOZF LU ENG L TEBETF YV — =&
BT U ¥ U8R (Cp*Ru)s(u-CO)(1-CCH3)(1s-CCH3) (w-H) (14) & —HZE=T U O —58FE
B = LEER (Cp*Ru)3(u-CO)(us-CMe)(u-12-CH=CHy)(u-H) (15) % 15:1 O ThH x 7= (Eq. 3-2-5),

H H
N
/ \ 1 atm c2|-|4 Cp*—Ru/—\ —cCp* 1atm czH4 Cp* —Ru —Ru—Cp
RU/ c He
\ XN
Me H H
13 11-C,
Me 0
H H
% \\
1 atm C,H, Cp*—Rd Ru—Cp* Cp*-R0—\——/—Ru—Cp*
110 °C, 3d Ru Ru\
Cp* Cp*
Me Me
14 15

79%
(Eq. 3-2-5)
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R 14 LEEIR 15 OIREWOTRES CHONZERICESC B 2MA, 20 2%ICHIEL
72 THNMR AX7 RV TIEEEA 14 L85K 15 OkiX 5:1 ThHh-o7=23, 30 B ICIZZ ol
28 15:1 122 kL., —EIC7 > 7= (Figure 3-2-1), T D 7=, SST ITBER SR o 728, $EK 14
EEEIR 15 1T ORRICH D Z D, TOX I REET X DU T R EE =L
BN D FEMALIL Green HIZ X » THEGE ST 5 (Scheme 3-2-6), 7

10:0
L L 4
an | ¥
.
BO
= 0
= __
- 60
L]
= 50
= eld
= AN
B 15
o 3p .
20
10
0 20 40 &0 BD 100 120 140 160 180
Time (h)

Figure 3-2-1. IR COFEK 14 LEEIK 150D (23 °C, CeDe)

Me H
Me
(0C)4 —7£ (CO)3 —e (0C)4
A
(0C)s0¢—_ |

Scheme 3-2-6. 2217 /L% U ¥ U BUAL T & 2R B = VBT [H 0 B L

B &R L LT, 8K 14 138 B F ) VO URINF & S EAETF ) D URNF L Vo Tz,
HpbMNERXOZT VDU T2 A L TWDERETOND, ZHE TN DO E A=
BIET VXY UUEARIM LN TV DA, BARHEUIER & e B 61TIE & A e\, 8 Shapley
SIEB A VAR = VUG TT NV VENL T 0 C-C #EG AU L, B2 58X 2 2OT7 ¥
VY UENAEATDERT AR Y D UBERO G A #RE LT\ (Scheme 3-2-7), & Z Ok
XA EICHEIT L, EAT LR U DUBERIC CO ZHNEE5 2L T 2 FEOT LX) VU
BT 7)o 7 L TCT AT VRN A ZIRT D, 885K 14 THEBRICENM FROD » 7
TINEATT D Z LIRS D, BEIR 14 LEER 15 ONERNRE AW ORI OV TIIAREDH
5 FilZFialk LT 5,

7 Green, M.; Orpen, A. G;; Schaverien, C. J. J. Chem. Soc., Dalton Trans. 1989, 1333-1340.
8 (a) Carriedo, G. A; Jeffery, J. C.; Stone, F. G. A. J. Chem. Soc., Dalton Trans. 1984, 1597-1603. (b) Chi, Y.; Shapley, J. R.
Organometallics 1985, 4, 1900-1901. (c) Notaras, E. G. A,; Lucas, N. T.; Blitz, J. P.; Humphrey, M. G. J. Organomet. Chem.
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Tol Tol
Tol
\N. [/
AT
-co /D -co
(CO)y ~—= | OC W[ 75(C0s | —= OC—/W—— (CO)s
co o \ N co Cp \/\
w\—co w\—co
L 0 Cp | Cp
Tol

Scheme 3-2-7.2 FEXEDOT VXU P UBNAF DT TV

(d)y 7a~Xr ok

Scheme 3-1-2 (/R L72 K D1T, 8K 1 & —@ET V7 & OIS TITEREDN 1 51O HHK
FIZHRVIAEN, TATr =0T U8R 10 L mERAR T LR A 9 OFEEREME 2D, L
[FER DN B SN D Z L2 WL, 88K 2 LR LDRISERF LT,

A 2 &7 L OROSIZRIR THEIT LR 7223.80 °C THIEAS 5 Z & CoE4UE 7 1
R=U T A (Cp*Ru)s(1-CO)(us-12-C=CMeH)(u-H) (11-C3) 235357z (Eq. 3-2-6), $Hk 1 &
TaX L ORGEFIEL (Scheme 3-2-8), T EH#ilLA 1 DINX 727200 CTRUSRANZ L L, S5
EAOIEE O AL 1 SFICHIREND Z ERHA LT o2, 8K 2 OISR 1
D& RE L B2 2513, BERATLT L F EE L OV NBERENLWETH D, ZDE
WOHHIZE L TIEE 4 Sk LT\ D,

(o]
ﬁi H
] N
H/ ‘U\H 1 atm C3H, Cp —Rl{\ /—Ru—Cp*
/M ‘ - C3Hg N7,
80°C,1d \ *
E@Y I
(o] H Me
2 11-C,
46% as green crystal
(Eq. 3-2-6)
ve, |
e
\C—
3
) f”‘\ e
Ru—

9-C,

Scheme 3-2-8. ik 1 & 7'~ LD

2001, 631, 143-150.
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E3H ZBLT-ULEBALERZIMIERY FEELFEBRS IV EDORE
(@ 7E#P VRO YLy EDORIG

Ptk 2 L7 H YT 0F 25 °C THRMITHUG Uy BANLEAFNZS p-rfinp-s-cis- 7 & ¥ = L GEIR
{Cp*Ru(u-H)}s(CO) (-7 17-CaHe) (16-a) M3 fF 5417z (Eq. 3-3-1), $ffk 2 L4 Y7L % 25 °C
THRDITIS U, prrpirp-s-cis-A Y 7 L 8K {Cp*Ru(u-H)}3(CO) (- r?: 7-CH2=CMeCH=CH,)
(16-b) =5 27, Y= OENLIZ XV MOENLF DOENITE RN AL LT 7200 T BBER Y X7
L7220y,

it
Xt

Ru Ru
H/ ‘ \H 1 atm CH,=CHCH=CH, H/I \H
rt, 30 min 4 R
RLI/ \Ru Ré Ru
L < X \H/ X
2 16-a

(Eq. 3-3-1)

\ excess CH,=CMeCH=CH, H H

>
& Et,O,rt,1h ‘ / A\ ‘
Y e
16-b
64% as purple crystal

(Eq. 3-3-2)

Rus(CO)2 & FEBRIR 13- & DORIGITIRIAS BFFE S, AT 7 U BERR AR & L

THRHLILDZ ENRHBITWD, @ FUNMIFAIRSEM (] 90°C) TIrhohd Z L% < FEED
T A IMRIZEIER ST 22V (Scheme 3-3-1), Shapley 513 Ha0s3(CO)o & 1,3-7 X Y x
E DR E BB TITV, =D strans THEAL U724 % Bl L Tu\ 5 (Scheme 3-3-2), 10 &
& 16 DA, BEFHO Cp* KL DONEAKFEIZLY, YD scis LR AR/ >T-b D &
EZHLD,

CH,=CHCH=CH,
-3¢co (OC);Ru —Ru(CO),
90 °C H/ \
TT—Ru(CO),

Ru3(CO)42

Scheme 3-3-1. Ruz(CO)12 & FEERIR 1,3- = & DS

9 (a) Evans, M.; Hursthouse, M.; Randall, E. W.; Rosenberg, E.; Milone, L.; Valle, M. J. Chem. Soc., Chem. Commun. 1972,
545-546. (b) Valle, M.; Gambino, O.; Milone, L.; Vaglio, G. A.; Cetini, G. J. Organomet. Chem. 1972, 38, C46-C47. (c)
Gambino, O.; Valle, M.; Aime, S.; Vaglio, G. A. Inorg. Chim. Acta 1974, 8, 71-75. (d) Rao, K. M.; Angelici, R. J.; Young, V.
G. Inorg. Chim. Acta 1992, 198, 211-217.

10 Tachikawa, M.; Shapley, J. R.; Haltiwanger, R. C.; Pierpont, C. G. J. Am. Chem. Soc. 1976, 98, 4651-4652.
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co
oc\l _co
CH2=CHCH=CH2 co | co
H053(CO) g ————> /
-H; oc—| co | ——Co
rt \ \
o co

Scheme 3-3-2. =M s-trans BAfL L 7= —&ZSE IR

BER 1 LA VL EDORIGTI, RIRFD 1 D2 RuU-H-C OT A7 v 7 EAMERN
TEET DA Y TV 17-b 3G 65, 1 SR 17-b 134 Y 7 L U B+ D A F AT
AF LD C-H FEDOUINIIH AL 7 4 VELD Ru-H fEE~OFANIC LY | fRaIZPLT
T 7 U VEEIR 12-b (2R XD (Scheme 3-3-3), VAR = VBN EAT H YA 16 11X
Bfzfafn/y 48 EEHATH Y . C-H FEDUIMNIE 220y, $5K 1 IR = L ORIG
TiX 1 D FOKFEONBEN X, 46 BEHADEEE 17 24T 505, 85K 2 LIFBRRY =
v EDRISTIIAKREORBMIIRLE T, Yo7 &7 MELTHIER 16 NERT S, ZORERIT.
TIWVR =NV A DEANZ L > TT T AZ—ENSDORAZIMEI SNZZ L2 THOTH

Scheme 3-3-3. $8{k 1 L4 V7L v DG

VxR 16 TIETTF U VSR 13 Rk, BIKROIEI AR SN, ZORRIE, B R
U RO EBRSCE R OB ICER 752 L THRINT D2 N TE 5,

SEIR 1 I3ZE L7 R REIMZ & —EHZEE L7z R U REULF2388K ECHAMEH L T
HEFEzbhd (Figure 3-3-1), 2 —J7, $5K 2 Tide NV NEULFOHE L OEE L OBLL
BB LD Z &M, 2B L7k R Y RENL 723 Ru O =R Fmn oL, IR =1
Blfr - L[ L& icfm->Ce YU RREIOEENEL 70d, TORKE, $5F 1 LT RY R

1 Takemori, T.; Suzuki, H.; Tanaka, M. Organometallics 1996, 15, 4346-4348.
12 Suzuki, H.; Kakigano, T.; Tada, K.-i.; lgarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T. Bull. Chem. Soc.
Jpn. 2005, 78, 67-87.
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RN F O EAER RS < 2> T D EBEZ BN D, MOEELRNF 2N EA Sz & & bRk
DN EN, © Y FRAFEOHEAERRT <20 | BKZRRIHl ShZbDLEZBND,

o)
H——H H

/\ L "N M

Cp*—RU Ru—Cp* Cp*— R Ru— p* Cp*—Ru- —Ru—Cp

H \ R /}4 /// XRU/

J cp* '/\Cp 1 cpr
1 2

Figure 3-3-1. $&%(K 1 &L885K 2 v KU REMNLF D LLEL
A 1 o4O ER T Ru(lll, 1L 1) TH D, —F., $K 2 o4& LoREe

fB#x, 2 >0t KU REALLFAS 1 DO AVR=)VENL - CEB S D 2 & T L, Rudl, I,
) ipotz, /o, &BFLORMELED LTS, BkENEE D EEBLEE LU0
B LOBNEABAD T 57, bEb &A@ & SR OOERMEDN/ NS VR 2 T
L BEIR 1 SR L CRUKSER ISl S E B2 b,

BRSNS TT 5 2 E 2R L, $E5K 16 OMBERFTLIZ, 7% P85k 16-a &
80 °C *@Du?ﬂ#é ELUBEIR 2 AT RREIESROEMEIIRAM & 2o T2 A Y T L U BSE 16-b
EIMBANLUT-GAZIEA Y 7LD, BRI 2 AL (BEq. 3-3-3), 4 V7L DOfil
4] i%{mf%@%ﬁ AT 5, A VT L UBEIR 16-b Tk, A Y 7LD AT AL JEBHO Cp*
HOSIRRKFIZL Y, A4V LU B R GIIREE L T\ 5,

(Eq. 3-3-3)
(b) ZERFB T 7=V T 8K (Cp*Ru)s(u-CO)(us-C=CEtH)(-H) (11-Cs) DAERK
THET UK 16a ZMMEAT DL, BBEL7Z O T X UNKEZRERE L THE, E
MERIREME S 20D EEZOND, BREOT XV U N FIET D5 T TOAERY % M
THH, TEVZUFERKCTORGEBINLZ, TR, 85K 1 oFG LRV LTS
T UEERIZEONT, 7T =V T VR 11-Ch SO (Eq. 3-3-4), T X VU BRIKEZR
RE LT TESA LS 2 Dok N U RENL F-23BRE S =%, 7% Y= (Scheme 3-3-4)
F7203 1-7 T L OIS TR 11-Cy WAER LD EEZ BN D,
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R / N
PN 1 atm CH,=CHCH=CH, Cp*—Ril LRu—cp*

H ‘ H > N

29% as green crystal

(Eq. 3-3-4)

H CH,=CHCH=CH,

RNl BN A

,"'/\/Co\ ’ TN\ H ‘ \[H \\Ru\cp*
~CH, Rt%i \Q{\RU\H/RL%& \Q%RU—R‘%& /
/ e

Scheme 3-3-4. $51K 11-C4 DA RkEEE
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E A8 ZSBILToZIVLEBALRZLFIERY FEELETLFD EORE
(@ Zz=ATEFLVEDORIG

BER 1 L7 == AT T Ly EORIGTR DD REENHT L% 45K 9-CPh &7 L
= U T U8R 10-CoPh O AL, MEENIARLT L VRIS KR E S MD 2 EBITTARIC K o Tl
HENTWD (Scheme 3-4-1), T FEENIET L% EEASBROICE SN D Z L2 MR L, 85
K2 L7x=ATRvFLrEDORIGERNLE,

10-C,Ph 9-C,Ph

Scheme 3-4-1. $&{& 10-C,Ph @ FiPE4L,

BEIR 2 X7 2= T B F L EEOMNITRS L, EEE AR T L X g A
(Cp*Ru)3(us-CO)(us- 172 172(L)-PhCCH)(-H) (18-CoPh) 23E5k L7~ (Eq. 3-4-1), M-M #E& D 1 Al
KL TT AR NEEIS R DENAERIL, 46 B0 ZBISRORBMTHL, B 77XV LD
BOGEITHEZ2 0 0 85K 2 @ 2 DOt R FENLF2S Ho & LTHBAEL. #5K 1 LREOIENX
TRIGHHEITS D Z E BB B MMIT 72 > 72 (Scheme 3-4-2), 1 SR 18-CoPh & 85K 9-Co.Ph
B OEWNZOWTIIAREDS 7 Flciiid T 5,

Ph
\

Ru—C *

\ ///

\ phenylacetylene (1.2 eq) —Ru \

\i<\ \ /}i - : // H
Y w2

o

2

rt,1h

18-C,Ph
7%
(Eq. 3-4-1)
Rlu C—C
H/’l\\H
i phenylacetylene Cp* Ru‘ Ru—Cp
HH _— \ /
REZYY, H, /H
X \H/ ~ rt
1 9-C,Ph

Scheme 3-4-2. $&fKk 1 L 7= TEF L DS

13 (a) Sappa, E.; Tiripicchio, A.; Braunstein, P. Chem. Rev. 1983, 83, 203-239. (b) Deabate, S.; Giordano, R.; Sappa, E. J.
Cluster Sci. 1997, 8, 407-459.

14 Takao, T.; Takaya, Y.; Murotani, E.; Tenjimbayashi, R.-i.; Suzuki, H. Organometallics 2004, 23, 6094-6096.
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B 18-CoPh & Hy & DO ZE4T- 7= (Eq. 3-4-2), FUGBHAA 30 /014, = BEZLEEATRINALY
7 =TT L UEEIR {Cp*Ru(u-H)}s(us-CO)(us-72(|)-HC=CPh) (G) & . $&{k G DEMAKTH
% Z A = L8R (Cp*RU)s(us-CO)(us->-HC=CHPh)(u-H), (H) ¢ &2 65— 27 )
ENTz, FISOMENIZIAF LOBHEEL, AF LU RNmF AP Uil nEnd, 4 Euﬁ@
BE S CIZAF L L TF AR BINIH 32 O TFEE L, 88K 9-CoPh & KFE L ORJSIE
23 °C TIXHEITL72\, 70 °C TMEAT 2 & AT L Ul "R T L > OIBETTNEITT D3, 77
e[ 1% & 13% DA 9-Co,Ph M1FEAE L 7= (Scheme 3-4-3), ¥ Z OfEHI%. BV R = VBN F %
BALTLZ ETT AR CEADBIEE LT <o 2 & Z/R LTS,

Ph

Ph
H

c—c H
H
p*—Ru \—I— u—Cp* 1atm H2 Cp*—Ru —Ru—Cp Cp —Ru —“‘Ru—Cp*
4 rt 30 min // //
conv. 30% // //
18-C,Ph G H
27% by NMR 3% by NMR

| .
rt, 4d ﬁ/gu Ru/}\;(

T“ peve

Ru

PR
H/T\H Z
1 atm H, /H\ ‘ .
T
2

(Eq. 3-4-2)

H/ "I\\H
Cp*— u — u—Cp 1 atm Hz i
/ HH ‘ +
/H 70 °c 77h RN
conv. 83% =< \H/ DA
9-C,Ph 1

83% by NMR

Scheme 3-4-3. $&{& 9-C,Ph L /K3 & D

BRI 18-CzPh & Hy é:@}iﬁi\mﬁ'rﬂl:/\“‘?x~5’ ZEH U7z, Hy 238812 L CRBENZAEE

T DAL, SR OB BTSSR DI IR L TR T H EE LT, 50mL v = L7
Kf%lSQM1@EFNI/%@(MN&J@QMM)%ﬁ%b&h%ﬁlmr%lbfﬁm%

1TV, 72 R & SISO & 1D TEE{R 18-CoPh, G, H Z & bE -k niz{b® x & H
NMR A7 MZ X - TRDOTz, Z O bFEEHWTENT OBHEEE kos #HH L (Eq.
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3-4-3), kons & &IZ Eyring 7' v M AITWRISOIEMHAL/ AT X —F &K T- (Figure 3-4-1), &
K 18-CoPh DIEMAL/ AT A —% L | RMIRIZ L o THIE STV H85K 9-CoPh DIEMAL/ S Z
A—H&15 % Table 3-4-1 (2”7,

In (1-X) = - Kopst

0 55
( J
05 s
[ ]
= 1 gas
= ]
- 2
= s £ 4
y =-4913.4x+ 19.304
R*=0.9632
2 N 35 .
(]
25 3
0 5 10 15 20 25 30 00029 000295 0003 000305 00031 000315 00032 000325
t[h] YT

Figure 3-4-1. 8k 18-CoPh & Hp & DUGICISIT BB EEL kovs DFLIMH (FE) &
Eyring 72 v & ()

Table 3-4-1. FEAMNIHL T L% 88K 18-CoPh, 9-CoPh & Hy & ORSDIEMAL /ST A — %

Complexes AH* [kcal mol1] AS* [cal mol~t K1 AG¥a08 k [kcal mol-]
18-CsPh 9.8 -8.9 12.4
9-C,Ph 23.8 -11.9 27.4

ANVR=VENLF 2B AN LT Z & T 85K 18-CoPh O 7 /L3 AL O B kb3 2 T b —
X =DNEL 2D T E DR ST, BKFDIHNZ K0 AKFBMSIL7E8E G H 23TERL
SNRLTNZ LR, RBRTLOEFEEDKTICLY @B —RIBMENTH RoloZ LN L
TWa oL Bbisd,

(b) 1-RF v & DRIt

PR 2 L7 2= T RF LU EDKISEITRY BEE 2 & 1-R_UTF U L DORG TR T
=V F UK 11-Cs b7 (Eq. 3-4-4), LU, $5(K 11-Cs (XM EANL 7 L5 85K
18-Cs #fM L. ZORMIMIZE > TELEZbDEEZ NS, TRbL, TEENRT VX
R 9 LT =Y T U8R 10 T 1:1 O (Scheme 3-1-5), 1 /LR = VL DAFAE
WCEOTRELL TN =T UE 1L ICv 7 P LTEZ EEZRL TV,

15 RKpppk P —, ERRSC, UK T3ERY: (2004)
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it
\
/

N Cp*—Ru

u
H ‘ H B\
H 1-pentyne (9.5 eq) &Ru/

/Ru/ \Ru\ -H, Y epr
Y rt,2h /
o]
2

H "Pr
11-C

57% as green crystal

(Eq. 3-4-4)

SR 11-Cs OARREAEICRT 2 EM A D720, 861K 2 & 10 F o & OIS EARIR TITU,
IHNMR TiBBRL7-, 85K 2 OFE THF &% —78°C IZWAIL, 30 ¥ ED 1 F U2z
THhH 0°C ETIRAICHIRSEZ L 2 A HEFNAF 86K 18-Cs &3 TR FIESH A D
BB AN ST, S8R 18-Cs DARKITREANIIL 7 /L % 85K DK 72 5-6.58 ppm
Dt FU K& 51059 ppm ORGEAKFEO S 7 FANbBHEE LTz,

F7o, 5458 ppm DT F D Hy DA Z R L TWD, 25 °C FTHIE S E 5 & E5K
18-Cs HRD L 7' F Mtk 2 1T 2 IR L, 12 BB ICIE8ER 11-Cs N A & 7r o 7=,
ZORERMNG, 5K 11-Cs DAERKT DS, 5K 18-Cs & FRIERY & 7 5 IGRE B HFIET 5
ZEBRbholz (BEq. 3-4-5), RIFEESHEOEMERIEEMNDBIE SN LB BEIT, H, ORZE2ET
AN EER 11-Cs, 18-Cs DZNLIUTHFET DL THDH EEZ TN D,

(o)
\ﬁr B npr ] H
| o | N/
Ru Cc—¢C.
~ Cp*—Ru —Ru—Cp
1 pentyne (30 eq) p*—Ru—\—I7/R{J—Cp \ /
\Ru\//H rt Cp
Y e /
- ° - H "Pr
18-C5 11-C5
(Eq. 3-4-5)

ANV = NVENLF R n~F ' =Y 7 U8R 10-Ce & BEEFIRA~F 2 85K 9-Ce 1
80°C THJ 1:1 OFBHRAME 2D L, DIVKR=AENL 2/ T 507 =1 7 U8R
11-Cs & EFNIRIA L F U 38K 18-Cs TIiE2r T =V F UK 11-Cs DI N E 72 BAER T
DL BT, ZEHEEET NI =V T VBT D a RFE B IRFE, VA =IVEUNL T
KT OB NVAR=NVENLFDBEE L TWD 2 50 Ru JFf-X[F— Trﬁh WZAFE L, Bl FRICHE
IR BEAERPEET 2 2 & 2R LT D, MIARGIX, ZUED VAR = VBN & 2861 X RAd
M E2AT D VT =0 LEEROG R Z #E LT\ 5 (Scheme 3-4-4), 6 Z d “EZSHARTIX
Ru-Ru o* FCAEAPERIED D VAR = )VENL 1O 2% SO AERE~D Wit & 2866 X Nid
Ao EZERE D VAR = VB 7205 Ru-Ru 7 fEAMEHLE~DOETOMEIZL Y . Ru-Ru MIZ%E

16 Takemoto, S.; Kobayashi, T.; Matsuzaka, H. J. Am. Chem. Soc. 2004, 126, 10802-10803.
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EANER SN TRFBERENEL 2% (2.60A), T7r=UF 8k 11 OMOSEEIITAD
(Lo THESN TV TSR LU OETH Y . Ru-Ru MIFEEES HV (]9 260A) Z &
SIRBEDF BN FE L, MOBRMEL D b ZEENT-EEZ NS,

o
Cp* Cp*
~ ~
Ru /RLI co
\ > / — 3 Cp*-Ri———= Ru—Cp*
Ph—T lil—Ph - PhNH, N
H H Ph

Scheme 3-4-4. 77 )L7R = )VECNT - 7252848 L 7= Ru-Ru BIC “ERE AP S D REeE K

E5H RIEXKFEREFETOAY T VIRIE
FrBAFZEE O HFIZ =EHEEE T LV x o — ZHEUET VX U O 8RO Rus FlEad 720 TR
RPEHICEER L, 2 DORIEKERMFHTAZ B ARNRE L2 L 2W 6N LE
(Scheme 3-5-1), ¥ Z DA Z I AT Rus BFEDNEDHNCBRAE L, FHEEE LTAZ T
07T = VR ERBA L CEITT A b0 EZBNRD,

C4H9

Scheme 3-5-1. 2 DD RALKFZBENL I TD A ¥ & AR

— 7 851K 14 O Rus ‘BHIZZUE D VAR = VBN FIZ K DR ST D, D729, 5K 14
DIEMEIF Z BB T VX — BB T XU DUR O II R 25 Z LR SN D, £ T,
PEIR 14 LEEIK 15 OFHHE AWM OB R T LT, 85K 14 LK 15 OFHIRGW %
180 °C THIEAG % Z & T, LLET Emst HIC k> THE SN TWAEERNL LI-RE=ZEBRAL AT
L5 (Cp*Ru)3(us-CO)(us-CsMeHy) (3-Ca) &, ¥ —EHAUGPATRN L = F o — =ZEERGEA TV
UK (Cp*RU)s(1-CO)(us-A(|)-HC=CH)(us-CH) (19) 2849 1 : 3 DT, D EORFEESEA &
LB LN (Eg. 3-5-1),

17 Tahara, A.; Kajigaya, M.; Moriya, M.; Takao, T.; Suzuki, H. Angew. Chem. Int. Ed. 2010, 49, 5898-5901.
18 Trakarnpruk, W.; Arif, A. M.; Ernst, R. D. Organometallics 1994, 13, 2423-2429.
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Me (o] (o]
H H
SN/ X N/
Cp*—RB\ —Ru—Cp* Cp*—R'u/— —/—Ru—Cp*
Ru\ Ru\
Cp* Cp*
Me Me
14 15
Me H (o) H
N '
Cp*—Ré/—\—/—\\Ru—Cp* Cp*-Ru> > —Ru—Cp*
_——
\\ + \\47
180 °C, 92 h ug Ru/
c// Cp* Cp*
o
H
3-C4 19
21% by NMR 74% by NMR

(Eqg. 3-5-1)
PEIR 14 OIEATIIUFO EAT AF VPR TR LN D L D121 = ZLT =7 L
DENZENDEICFIELTZ 2 DD Co BLNH v 7V 7 LTWDN, AR otEEix o nE
TORERESERY, ZRLVT =0 LK ECTREFEZBBEMNEKR SN, REZBEROERKIC
SWTIE, FTBIFREDOER, SFTRLNUNAT T T VAEAD 2 EFBRLICLY LT =1
L ECRFEZEBBENEREND Z L 2HE LTS (Scheme 3-5-2), 20 B{bIGD L 51T, WL
R NVENFIZ K > TEF AR LR -S72 Rus BHBKRFZBRORZIEEST 5 2 L IR S
o,

Scheme 3-5-2. VL7 7 ULEEIRD 2 ETERILIC XL D85K ECORE ZBERDIEZK

Scheme 3-5-2 DG L [AkE, $85K 3-C4 HLIUNT T T UNASEKRNLIEREND EEZBND,
2 DD Co FLNDTIVT T T UNASHARE SN A HIE LT, 7% U Uk E N T L ¥
VEDRIGZ L DT NT T UIEERDOTERD Keister 51T & > THAE STV 5 (Scheme
3-5-3), 2L gk 3-C,4 1% Scheme 3-5-4 (TR SUGHERE CTAR T2 L EZTWVWD,

19 (a) Nuel, D.; Dahan, F.; Mathieu, R. Organometallics 1985, 4, 1436-1439. (b) Yeh, W.-Y.; Shapley, J. R. J. Organomet.
Chem. 1986, 315, C29-C3L1. (c) Bino, A.; Ardon, M.; Shirman, E. Science 2005, 308, 234-235.

20 (a) Takao, T.; Inagaki, A.; Murotani, E.; Imamura, T.; Suzuki, H. Organometallics 2003, 22, 1361-1363. (b) Takao, T.;
Moriya, M.; Suzuki, H. Organometallics 2007, 26, 1349-1360.

21 Beanan, L. R.; Rahman, Z. A.; Keister, J. B. Organometallics 1983, 2, 1062-1064.
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(c0)3Ru\H_/Ru(c0)3 2 RC=CR

, - RCH=CHR

H H

Ru
(CO);

Scheme 3-5-3. 7L U D UdE R ENERT L X 2 & DRISIZ LD DVTF7 U ASHEDTE AL

Me [o] (o]
N NN X/
Cp*—RB\ —Ru—Cp* Cp*—A— —\Ru—Cp* Cp*—R’u— —/—Ru—Cp*
\Ru / = \Ru / — K——\Ru A
\Cp* \Cp* \Cp* (o)
Me

Me, E

oz
Cp*—Ru/—\—/—\\Ru—Cp*
N\

V4
c *
J/ep

o

3-c4

Scheme 3-5-4. $E1K 3-C4 DA RlkEAS

REDSLEE L CTEER 3-Ca DRSS NLD — T, $85K 19 OIEAITIT A & > OIBEN MBI 72
Do AR UDBEST ZHREIXS D & AW L TIEROA IHNMR A7 kL §50.20 ppm D
T FNINE AL U DERPHERTE D, Ak C-C fEAHANYEET VX 7 VBN 55
Te =N T =0 DEEROEE T LB S, C-C FAAROER L L TEEHEBGAT U VU 8h
R3fF 645 (Scheme 3-5-5), # Z D7z, $K 19 2 ERT 2 AIHNERE Tide R U REALF23
BIG—T VUL FICBEN L, G TF U T VRN AR LTINS EB X B,

Ph
H H
o |
8 /}‘C\
Cp*—RUE\—Ru—cp* Cp*—Ru >Ru—Cp*
p I u—Cp" e '
H\lRu///co - toluene 0(|3>RU4C0
c/ e 120 °C Cp*
0

Scheme 3-5-5. C-C #E&BIZUC L B ZHIEB A F 1 ¥ VBN FDIERL
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AREDOH 2 FiNnGH 5 TSR 2 & RfafRAbKE & OIS EITV, VAR = VEL -
ZMALTZETUTOL ) REENRRNDL Z EnbhroT,
(1) $Ek 1 LT, 79 2% — ENSOBAERH SN D,
(2) DNVAR= VBN HEANTDH & T, MEFNT VX SR 18 LT =0 7 UK
11 OIS T =0 7 VR 11 12® D,
(B) AN = NVENL I FRICENITE R E 2D 2 LN TE B,
TS ORI 72 7 T A2 — i 2525 5 L CHERRH L 0D 2 ERMIREI D,

FOH =BILT-ILEEALERZIL LY E FY FEEOHMBE~DEA

BN 1 2l L7y = R UL OKRFEDBINNBIZ K> THE STV (Scheme 3-6-1),
2 206 ETC r B L= UL (20) MTAF U T T IR (21), —EEEA I K (24).
BAFET I K (25) L EEMEMIICKFILEZTDHZET—HRT IV EEKRTLHILDOLEEZLNDN
(M-N b— b)), 8K 1 XY = R L EDRIENBR/HNLX VYT 7 I REfE 21 1%
WEEEN A I KA VEEHE (22) ~ERBITHRMALT D, 5K 22 OB S5 A TR A
S RANEEIR 23) IZAKBEIGETDHZETT I ) INRUFEEER L, ZOT X AN FE
WERMTOLT IV ERIGTHIETMHMIAIVEEMAL, = N VOKFIZE T H—HT
SUDBRMAIR T ESES2L L5 (M-C b— 1), L7=Ro T, $8K 21 LA 22 oo
Wl AT 5 2 & T AKFEOBRIRM A E35 2 ERAREL 72 D,

KREOHE 2 #HinoH 5 HiTlk, AR VENFEZEAT DI & T, BERAA Y VX 8
K18 LT NI =0T UK 11 OFENRREL T A= T VK 11 ITmbZ 250
WL T&ER, 885K 2 OoMEIZ, = MUV EDRINZEB W T TERNA A I FA VPSR 22 &
TNAXUT T I REER 21 EOPHERELSTAXFY T T I REEK 21 ~v 7 hEsE5 2
ERHIFRES L, BIRIIIZ M-N L— ML D= FNU LOKFELEFREIZT 2D EEZE L LD,

22 Takao, T.; Horikoshi, S.; Kawashima, T.; Asano, S.; Takahashi, Y.; Sawano, A.; Suzuki, H. Organometallics 2018, 37,
1598-1614.
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;R
YT M
Ru H \H\\ |
50Ny / Usg
\ Ph._NH;
XN/ i
AN
N A AL
PhCN l _RluZ\H \I>Rlu—0p* - NHj o N e
H\—Ru—H
P VY Nepr
T 23
p*—Ru=\:’;Rr—Cp*
\Ru\////H H H
Ph I-,I/ ce” ’ ? Ph\
\(I:Hz 20 y Ph CH,
\,
N N—C. N
s
cp* —Ru/ FNRu—Cp* lT cp* —Ru/= —H—‘R{J—Cp* PhCN cp* —Ru/ >Ru—Cp
I!I\R /}-I \R 4H Hl\\Ru/
N H Nepr AN
Cp I/F,h P \c p*
24 -H, C / 22 \
\ N// Ph
H Cp*—Ru/<KH R’lu—Cp 26
Ru/H i Ha
Nepr
21 decompose
M-C route

Scheme 3-6-1. &K 1 AL L= V= h ) LDKFE(

() $&fk 2 LUV =FU A EDRG

A 2 13 25 °C TRV Y = bV EESPICKIE L, NP U T T I REERE
(Cp*Ru)3(1-CO)(1-H)2(uz-177-N=CPhH) (21-CO) M ERMJIZA BT (Eq. 3-6-1), $KK 1 &
= b UV EDRIE EITRBRIIC, BTN E 52 &7 < Ru-H fiG~v Y = R U LBHAT
HZ TRV T T I REER 21-CO DR S LT,

§ i
N 10, PhON . AR

D

21-CO
56% as red crystal

(Eq. 3-6-1)

BEIR 21-CO DREPMEMRE LT, ATENIL A 2 A V88K 23-CO A& 2 Hiud 3, 85K
23-CO OAERRIFBIER SN olz, XY T o7 2 KA 21-CO 1% 48 A TH D20
T =UF 8K 11 TBIERESNT-X 97 Ru-Ru BOLEBASICEARENITEEZ2VNED
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D T3V = VBRI A DFE A L0 Wit 52355 < 7o 70 2 & TYATRUALA X RA /L8R 23-CO
IMARETENZ IR 5T B2 TN D,

(b) XV F T I NEEREAE EOKIG

NP UF T I REER 21-CO IR AR 285K T 273, 0.6 MPa DKkFE L 25°C T -
KV ERIET D, 7 BRIRISEIT 9 Z & THRIET I REER (Cp*Ru)s(u-CO)(u-H)2{u-N(CH2Ph)H}
(25-CO) % 70% DWHETHERK L, TVIFTHTLrua~ T T77 4—I2L0 45% OISR TH
Bt <47z (Eq. 3-6-2),

h
H

(l;/Ph H\ /

0O—1

H,

//
Cp*—Ry \ Ru—cpr _OSMPaH Cp* R% //u—c*

//l, AH r7d //

21 CO 25-CO

45%
(Eq. 3-6-2)
RV YT U7 I REEER 21-CO 3KSE &GS 20 Tk, B AR 2 b PN AT %
VEND D, PHNIBET 228, XU F o7 2 NK 21-CO IX=RIBCTE¥E 2 R, !
NMR A7 NLTIXHEHRPEE T Cs XIFROME & LTl s b, 2 OEZEE O TKHE
&S T & DENLARERZ AL FREN AR L, RIEBNEITT 5 B2 005, —F, $k 21 &A1
VT = REDRISTROLNDA VT = RESK 27 13861k 21-CO & HFEFHEIETZ)S (Scheme
3@3 RV VT UT X RENL BB FEEN 2 R ST, KFEDOKISIFEIT LR, 2 4V
= RELAIE T VAR = VB & T =EAUERAL LIZS < @V o 5L 950 7 @k
%ﬁﬁ“é ZEBHBNTWD, BIERNZE LT, @RTOOBTEEL N D VA=
VBN DSBS D Z & T, KFEEDRINICKIERR VY T 27 X RENL OB 2B A3 L

TlDEEBEZLND,

H H
| |
/° /c
Cp*—Ru \ u—Cp* BuNC // \ u_cp
J 4
BuN
21 27

Scheme 3-6-2. $5{A& 21-CO & BGOSR 27 DAL

(c) &7 X FeEEDAKFE

ZEKGT X REBIK 25-CO L 0.6 MPa D/K#E L DRIG%E 100 °C TITH Z & T, ik 2 M55
iz (Eq.3-6-3), ZEKGT I FESA 25-CO 1% 24 BERT 64% SE#H S, 85K 2 13 47% JEAR
ENTz, TORETIE 0.6 MPa DKFEZEANL TWDHA, BAKFENEIT LT 11% OV T
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U7 2 REEAR 21-CO DMERE ST,

I|°h
Cp* Ru Ru—Cp*
\ // 0.6 MPa |-|2
/
\ 100 °C 1d
C
// P Conv. 64%
25-CO
, (l.’,/Ph
/ \ N// 0
-H-
\ Rlu—Cp + Ru{)Ru
Y R " N
\Cp*
21-CO 6
47% by NMR 11% by NMR 6% by NMR

(Eq. 3-6-3)
T EEK T, 80 °C THMET X RE&K 25-CO OEVRAITHI & XUV IUT T IR
BEIR 21-CO 28 97% DULERTAER Lz, TN OORRIL, BAEEfRXr U T o7 I REER
21-CO MKFEDZZ 2N LU THET 2 RESKR 25-CO L EHPIREEICH Y | T O FHIIR P U T
> 7 2 REEIR 21-CO IZREL MR- TNDH I L Z/RL TS (Scheme 3-6-3), = DAz LD
IR 2 ZHWER Y = MU VOKRFITILEEOKBER MBI R D EEZBND,

H |
Len H/

A

- -H
N 2 Cp*—Ru= Cp*
P p* P

Cp*—Ru u—Cpt § //\

%\/‘ :

(o]
21-CO 25-CO
Scheme 3-6-3. $&{k 21-CO L $&{K 25-CO D -fi

(d) g8k 2 2L L7z_0 Y= b U LDAFE{L
PR 2 Zfilfitl LC (1 mol%), 5 MPa D/KFEFFHL T, 120°C TRy V' = F U LOkFE(LE
(Tl A, RUDLT I ) 93% O (TON=92) TELN (Eq. 3-6-4), DD N-
NRUDYFURVVULT I (BT%) EVRUULT R (33%) bAK LN, T I 0
RIXEEAR 1 ZfRBEC AV ZRE (82%) &b, BEEICH B LT,
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5MPa H, N
Phc=N ———— Ph  _ NH 4 2 T T
THF, 120 °C, 20 h H
Cat. 2 (1 mol%) 92% 3.7% 3.3%
Conv. 99% (93% Selectivity) (3.7% Selectivity) (3-3% Selectivity)

(Eq. 3-6-4)
BBUS DR B S HEE L7 HEEHRE 2 Scheme 3-6-4 [ZRT, 81K 2 10 K B KFE ORI
JSIE M-N L— F THEITL TS EB X OND, NP YT 07 I REEK 21-CO 1385k 2 &
YUNT R EDRINTHIR S, ZHET 2 FEkR 25-CO ZfH L TG EITT 52 & &
FEL TS,

/Rl“\
Ph NH
N T l H
N
Fi’h Hz\k /R”YRU/}\%
H\N/cHz ’(? NH
J\H b NS 2
p*_Ruﬁ\ //R{J—Cp* 2
N
c/ Cp
o
25-CO
PhCN
H, -Hy
Ph\
CH,
[
N
~ Y
Cp*—Ru\ —R\u—Cp
/H H
)—Ru\ i |
o Cp ¢—"Ph
24-CO //
PETI
Cp*—Ru<X—\Rlu—Cp*
)—RU/H
o Cp
21-CO
M-N route

Scheme 3-6-4. $&1K 2 il L L=~V = KU LvDKFEL

IR 1 LEEIR 2 THROGRRIENRE S ZEDDIRKIE, A I FA VBN 22, 23 DR OFET
Hb5H, BETOLDOBEBFBENEVEELR 1 XY= M)V EDOKIETIE, MSOBERETA I R
ANVEEIR 22, 23 BIEREND 3, BT LOBETFEENMET L8R 2 TidA I RAVesE
22-CO, 23-CO DB T, M-C /b— M TRIST D Z L1720, KIEDY M-N /L— kT4
HE N2 T, IGORIVEIRBEICHM E L, 2O X DI, BIVR=VEML T DEA
2R > THEL D BIEEREOLERDE N, ISEICREREEL RITTZ LT b,

AL E LTI, 7 7 AY —ERBROBW L ZEEOIKR T NZET 5 (Scheme 3-6-5), EIIA )
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AR L2V M-N b— N CHEITT 285K 2 Z WIS TOED N-XUP Y F Ry Yy
NT IRV RUNT I UNERT DEHIE, WAV R VN FEEA LT & TERERA
DRLRLT KD EThHD, BN L TELNT A 6 7 Enfilit L 720 | &
ERIIDBGEND Z Lo TND, SRITBWILZEMDM X0, B 72 SO S DR D R
EERD,

H ‘ \H
‘ | ‘ / \
RIZ S
Y/Cu u )l THF- d8
Y Conv. 11%
o
2 6
8% by NMR

Scheme 3-6-5. $51K 2 O =KEH DR
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g7 SBEoORE
TNr=) T U8R 11 ORE
IR 11 D4y FHEE
BB 11-Cy, 11-Cy, 11-Cs D HLFE S X BMESEMIT 21T 72, DTG L ERBEE - afA %
1R N b o
IR 11-C, D4y FHERE =

Figure 3-7-1. #&1K 11-C, @ 4y f-#i& (30% probability)

Table 3-7-1. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 25919(6)  Ru(2)-Ru(3) 2.9879(6)  Ru(3)-Ru(l) 2.8553(6)
Ru(1)-C(1) 2.022(5) Ru(2)-C(1) 1.990(5) Ru(1)-C(2) 2.006(5)
Ru(2)-C(2) 1.996(5) Ru(3)-C(2) 2.005(5) Ru(3)-C(3) 2.234(6)
C(1)-0(1) 1.199(6) C(2)-C(3) 1.389(8)

Ru(1)-Ru(2)-Ru(3) 61.068(15) Ru(2)-Ru(3)-Ru(l) 52.60(1) Ru(3)-Ru(1)-Ru(2) 66.328(16)
Ru(1)-C(1)-Ru(2)  80.5(2) Ru(1)-C(1)-0(1)  138.5(4) Ru(2)-C(1)-0(1) _ 140.5(4)
Ru(1)-C(2)-Ru(2)  80.74(19)  Ru(2)-C(2)-Ru(3) 96.6(2) Ru(3)-C(2)-Ru(l)  90.8(2)

Ru(1)-C(2)-C(3) _ 139.2(4) Ru(2)-C(2)-C(3) _ 139.5(4) Ru(3)-C(2)-C(3) _ 80.1(3)

B GK 11-Co DAFHURIEE -30 °C THET S Z & THE O NI Z VT, BR X s
Wi &4T > 7=, PIEIT Rigaku R-AXIS RAPID [EI#T#4#E % VT 150 °C T{T\ >, Rigaku Process -AUTO program (Z
FoTTF—# %L L7z, FMTEMMBRICEL, ZMBT C2c #15) Thoiz, MATIZE WV TIE,
SHELXT-2014/5 }. (" SHELXL-2014/7 7’11 7' A r—2 % AV, BEEEIC L VLT =0 ARF O JEE &2 I E
L. 7=V = GRIZE » THERAIFKRERTZIRE Lz, SHELXL-2014/7 7’0 7' T A& AW/ “REIC I D IEE
fbL. HAFRTZ2HESHECERM L, Ru@) ERA L Cp* KICiET 4 A4 —F =R FET D0, T4 A
F—H—DEFERE 54 1 46 L L. Cp* MK L Z7y L TR OERZHN AR M E 12725 K D restrain
T DL ofE R RGEL L7z, Ru R FHIOFETFE— 7 ICHET S Alert A MFER Sznd, BT Ha)
D DFRFETH D L HIE LT,
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$EIK 11-Cy D4y THEYE

Figure 3-7-2. $8{K 11-C4 @ /3 1-%1E (30% probability)

Table 3-7-2. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.6048(2) Ru(2)-Ru(3) 3.0143(3) Ru(3)-Ru(1) 2.8439(3)
Ru(1)-C(1) 2.040(2) Ru(2)-C(1) 1.973(2) Ru(1)-C(2) 2.026(2)
Ru(2)-C(2) 1.976(2) Ru(3)-C(2) 2.015(2) Ru(3)-C(3) 2.232(3)
C(1)-0(1) 1.187(3) C(2)-C(3) 1.402(3) C(3)-C(4) 1.497(4)
C(4)-C(5) 1.528(4)

Ru(1)-Ru(2)-Ru(3) 60.287(7)  Ru(2)-Ru(3)-Ru(l) 52.703(6)  Ru(3)-Ru(1)-Ru(2) 67.010(7)

Ru()-C(1)-Ru(2) 80.92(9)  Ru(1)-C(1)-0(1)  137.28(18) Ru(2)-C(1)-O(1)  141.39(19)

Ru()-C(2-Ru(2) 81.21(9)  Ru(2)-C(2)-Ru(3) 98.08(10)  Ru(3)-C(2)-Ru(l)  89.45(9)

Ru(3-C(2)-C(3) _ 79.36(15) Ru(3)-C(3)-C(2)  6253(13) C(2)-Ru(3)-C(3)  38.11(9)

24 SR 11-Cs DOA~FHURIEE -30 °C THET L Z & THELNRGT v v 7 RS2 VT, Bt X R
WEIERAT 21T > 72, BIFEIE Rigaku R-AXIS RAPID [HI#f#EiE 2 v T -130 °C TA7\>, Rigaku Process -AUTO
program |2 Ko TF — & 2B U7z, FEfITEASRICE L, ZEBHT P2u/n #14) Th o7z, BHTIZIB VTR,
SHELXT-2014/5 Ot SHELXL-2014/7 7’0 75 L%y r—U 2RV, BEEIEIZ L D AVT =0 AT O EEZ JE
L. 7= U ERIC L o T D IEKRER T ARE L=, SHELXL-2014/7 71 75 b % HW /N R/IEIC L 0 K5
fbL. FEAKRFEIRT 2B PRI LT,

71



B 3E ZEAT=ULEEN LRV R b RY REEE L REFNRALKSE & ORS

gk 11-Cs Oy TiEE &

Figure 3-7-3. $&1K 11-Cs @ 4y 1-#&1E (30% probability)

Table 3-7-3. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.6014(3) Ru(2)-Ru(3) 2.9948(3) Ru(3)-Ru(1) 2.8635(3)
Ru(1)-C(1) 2.035(2) Ru(2)-C(1) 1.980(2) Ru(1)-C(2) 2.025(3)
Ru(2)-C(2) 1.984(3) Ru(3)-C(2) 2.014(2) Ru(3)-C(3) 2.231(3)
C(1)-0(1) 1.187(3) C(2)-C(3) 1.394(4) C(3)-C(4) 1.477(4)
C(4)-C(5) 1.555(5) C(5)-C(6) 1.471(6)

Ru(1)-Ru(2)-Ru(3) 61.073(8)  Ru(2)-Ru(3)-Ru(l) 52.667(7)  Ru(3)-Ru(l)-Ru(2) 66.260(8)

Ru()-C(1)-Ru(2) 80.76(9)  Ru(1)-C(1)-O(1) 138.1(2) Ru(2)-C(1)-O(1)  140.6(2)

Ru(1)-C(2)-Ru(2) 80.89(9)  Ru(2)-C(2)-Ru(3) 96.99(11)  Ru(3)-C(2)-Ru(l)  90.27(10)

Ru(3-C(2-C(3)  79.49(17) Ru(3)-C(3)-C(2)  62.60(15)  C(2)-Ru(3)-C(3)  37.91(10)

TN =T B IR Ru(l) & Ru@2) 12 o #5E. Ru@) 12 C(2)=C(@) #&ET = B LT
W5, C(2=C@B) DitAIEEE (1.39~1.40A) I =BiNT =0 A LOZEIET Vr =1 5 VBT
TR 7 E T o > 7= (Table 3-7-4), 71 /LR = VBN F23284G L 7= Ru-Ru MFEREE (2.59~2.61
A) 13fthd Ru-Ru MIREEEIC LT 0 8L | GBI VAR = VBN T2 AT 5 Ru=Ru fE4G 12k
L CHEENTWAIE (2505~2.712 A) (x5, 1626

B K 11-Cs O~FF A E -30 °C THET S 2 & TEON RO R E VT, BREm X i
Wr&4T - 7=, PIEIL Rigaku R-AXIS RAPID [E#7#5# % Fi\V T —110 °C "TfT\ >, Rigaku Process -AUTO program |2
KXo TTF—2 %MLz, T EAERICE L., MBI C2c (#15) Tholz, MHTICB WV TIE,
SHELXT-2014/5 % SHELXL-2014/7 7’0 75 L%y /r—U 2RV, BEEIEIZ L DT =0 AT OEEZ JE
L. 7=V EGRUT L - TR D IEKRFERTZRE LTz, SHELXL-2014/7 71 7 Z K& Wi ZRIEIC X 0 S
LU, IERFERFZIFETTHEITRER L7,

% (a) Colborn, R. E.; Dyke, A. F.; Gracey, B. P.; Knox, S. A. R.; Macpherson, K. A.; Mead, K. A.; Orpen, A. G. J. Chem.
Soc., Dalton Trans. 1990, 761-771. (b) Scheer, M.; Krug, J.; Kramkowski, P.; Corrigan, J. F., Reaction of Phosphaalkynes
with [Ru4(CO)13(u3-PPh)]: Synthesis of Unsymmetrically Capped Bisphosphinidene Complexes. Organometallics 1997,
16, 5917-5922.
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Table 3-7-4. =T =v AZBHZEBE =1 57 4K C=C ML HERME (A

Complex c=C Ref
(Cp*Ru)3(1-CO)(115-C=CH2)(u-H) (11-C>) 1.392(5) This Work
(Cp*Ru)3(1-CO)(13-C=CHELt)(1-H) (11-C,) 1.403(3) This Work
(Cp*Ru)3(1-CO)(13-CCH"Pr)(1-H) (11-Cs) 1.394(4) This Work
(Cp*Ru)3(1-CO)(u3-CCH"Bu)(1-H) (11-Ce) 1.395(4) 2
Ru3(CO)o{11s-CC(Pr)(PPh,)} 1.408(7) 2
Rus(CO)10{13-CC(Me)(OMe)} 1.387(3) 28
Ruz(CO)g(u-H)2{ 13-CC(Me)(Ph)} 1.379(8) 29
{Cp*Ru(u-H)}s{15-CC-C(O)O(CH2)2-} 1.35(3) 3
(Cp*Ru)3(u-H) (13-CCH"Pr) (13-0) 1.395(6) !

BERGE VAR = VBN & BT OV = U 7 R IR R m B dH D (Ru(l),
Ru(2), C(1), C(2) THEm S 7=lUAOWNA ORI 359.95°), Ru(l), Ru(2), C(1), O(1), C(2), C(3)
DEIHEIEIL, TARDIZE » THE SN TWD LT =7 AB5AK (Cp*Ru)2(u-NPh)(1-CO) 123k
W, 8 TR GIE DFT FHRIZE Y . Ru-Ru o* WLEDE DRI VAR=VENLF D 2~ Bl
B, BEA X FRALF L2 E D VAR = VAL 23220 Ru-Ru 7 fE A HERLE I B A k5
%5 Z LT Ru=Ru ZEMEGDIERINDL T LERLTWND,

BE(K 11-C4, 11-Cs Tt RV RENIFIZT A4 =V F U BT O @ #EIZEV Ru(l)-Ru(3) #&
AMAYRERNL L T2, B R U RAZEERNL L2 Ru(1)-Ru) A 1E Ru()-Ru@) & Lo b
fEO BN D o 7o, ZO/EMIEL, 2 E TICHE ST D {Os(CO)s}s{us-n?-C=C(OEt)H}(u-H)2
X {Ru(CO)s}s(us-12-C=CPhH)(u-H)2 OB LW TH D, 3 $HK 11-C, Dt RV RENL DN E %
RS 2 2 LIXTERD S T2, ZOMOREEIZET 2R #UTSEA 11-Cy, 11-Cs & —FH L T
720 B8R 11-C; @ Ru(1)-Ru(3) HiA1E Ru@)-Ru@) fiAa kvt 013A <, 2D X 5 eIk
PEIT, $BIR 11-Cy, 11-Cs E[REETH -T2, T DT, $EK 11-C; o b R U FEAZFH Ru(l)-Ru(3)
MAMZREBLTCNDEBZZ DI ENTE D,

$EK 11 ® NMR R~ hL

IHNMR A7 bV TSR 11-Cs, 11-Cy, 11-Cs DT V7 =1 5 VBN T D B KFBITZFN TN,
56.56 (g, Ju-n = 5.9 Hz), 6.61 (dd, Ju-n = 9.3, 2.8 Hz), 6.71 ppm (dd, Ju.rs = 9.9, 2.8 Hz) IZBIEZL ST,
IR 11-C, @ 3 SO&FEHPLOREEITIFZEAGZA, 'H NMR A-XZ kLT Cp* DT 7)1
IZ 61.70ppm & S1.67ppm (2 2:1 OFESEETEBAIES Nz, E=UTF Ui FO7Ta by §
4.85 ppm ([ZFEARICBIEZE S 4L, —80 °C THARIRIRIFITITIZE L o7z, ZAUIR R Tldos+
M Cs RMHMEZATHZ LA RLTEY, 4G N NEAL 2B 8T 5 B8 O 7 E 0 g
Sha,

BEIR 11-Cs, 11-Cy4, 11-Cs, 11-Ce F & N U NENL F23BET 25 2 & TERMERE 70 528, $5K

27 Fogg, D. E.; Maclaughlin, S. A.; Kwek, K.; Cherkas, A. A.; Taylor, N. J.; Carty, A. J J. Organomet. Chem. 1988, 352,
C17-C21.

28 Sailor, M. J.; Brock, C. P.; Shriver, D. F. J. Am. Chem. Soc. 1987, 109, 6015-6022.

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

O mRE BT, AR, B LFERY: (2000)

31 (a) Boyar, E.; Deeming, A. J.; Felix, M. S. B.; Kabir, S. E.; Adatia, T.; Bhusate, R.; McPartlin, M.; Powell, H. R. J. Chem.
Soc., Dalton Trans. 1989, 5-12. (b) Rybinskaya, M. I.; Osintseva, S. V.; Rybin, L. V.; Dolgushin, F. M.; Yanovsky, A. |;
Petrovskii, P. V. Russ. Chem. Bull. 1998, 47, 979-982.
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11-Cs DIREEFZ H NMR A2 MV TIZEMARERO > 7 FMTBIRE SN o Tc, 2 Of
RITEER 11-Cs N KU NOALEN R D BRI BIXDNICLETH LN e NI FEAL
DENEDBIEFITHEL | P ENTWVWD Z L 2R LTV 5, K 11-C; @ DFT FHHE Tix, H
fEim X RS CE LN AEEIL, B KU ROMENEZR D BMEAR LY £ 5.7 ki/mol 721
LEL W) FERIC 2 o7, $8K 11-Cs, 11-Cy, 11-Cs, 11-Ce T HZEME L =V 5 U EALF DB %
RBEI NN LD, 5K 11-C, oERIZFEENT {Os(CO)s}s(us-C=CH)(u-H). T 4L
TW5, & FU RENLF720 036 R — SR AH A2 BE T 28 E82 L ZE 2 Tnh, 2

BC NMR A7 MUVTHERIND TN =0 F VBN DAL FY 7 MIT V7= )T/Eﬂu
T B CTh o7z, %6 B §ER 11 L TN ETICHBMARE TRE SN TN D ZHEEEGT
N =T VRN D ER BCNMR AXZ kLT —X % Table 3-7-5 (237, $851K 11 @ o &
F1L6297 ppm 1T B IRFIXS57~80 ppm IZEH S, ZNETICHE SN TWAEERW—F
ERLT, DVR=VENLF2EALEZ T, o REBITEMGANCKIEICY 7 b LT,

Table 3-7-5. =N T =0 A=HAUEE =V 7 5K DI/ 3C NMR (5/ppm)

Complex 13C NMR Ref
15-C=CHR 13-C=CHR

(Cp*Ru)3(u-CO)(us-C=CHy)(u-H) (11-C2) 296.5 56.8 (155 Hz) This Work
(Cp*Ru)3(1-CO)(u3-C=CHMe)(x-H) (11-Cs) 297.1 70.3 (155 Hz) This Work
(Cp*Ru)s(-CO)(us-C=CHEt)(1-H) (11-Cy) 297.2 79.5 (152 Hz) This Work
(Cp*Ru)3(u-CO)(u3-C=CH"Pr)(u-H) (11-Cs) 297.6 77.2 (152 Hz) This Work
(Cp*Ru)a(1-CO)(3-C=CH"Bu)(u-H) (11-Ce) 297.3 77.3 (152 Hz) 2
{(Cp*Ru)(x-H)}3(1-CCH"Bu) 324.9 79.7 (155 Hz) 3sf
{(Cp*Ru)(x-H)}s(1s-CCHPh) 326.3 79.3 (155 Hz) 33f
(Cp*Ru)s(p-H)a(us-AlMe) (115-CCHo) 279.3 67.6 (155 Hz) 34
(Cp*Ru)3(H)a(u3-ZnEt)(13-CCHPh) 261.3 82.9 (154 Hz) 3
(Cp*Ru)a(H)a(us-ZNnEt)(13-CCHBU) 261.2 82.0 (152 Hz) 3
(Cp*Ru)a(H)4(us-ZnEt)(1s-CCH2) 267.4 63.9 (156 Hz) 3
(Cp*Ru)a(-H)2(1-NH5)(13-CCHPh) 290.9 82.5 (154 Hz) 6
(Cp*Ru)s(z-H)2(1-NH,)(1s-CCH'BU) 292.4 92.7 (151 Hz) 6
(Cp*Ru)s(1-H)2(u-PMe,)(1s-CCH2) 284 61.3 (156 Hz) 4
(Cp*Ru)a(u-H)2(-PMe2)(13-CCHPh) 286.7 83.1 (154 Hz) 36
(Cp*Ru)s(u-H) (us-0) (us-CCH"Pr) 296.3 88.8 (153 Hz) 3
(Cp*Ru)a(t-H)2(-1)(zs-CCHPh) 298.3 82.7 (153 Hz) 37
(Cp*Ru)a(u-H)2(u-1)(13-CCH'BU) 3015 92.2 (151 Hz) 37

32 Deeming, A. J.; Underhill, M. J. Chem. Soc., Dalton Trans. 1974, 1415-1419.

3 (a) Edidin, R. T.; Norton, J. R.; Mislow, K. Organometallics 1982, 1, 561-562. (b) Antonova, A. B.; loganson, A. A. Russ.
Chem. Rev. 1989, 58, 693-710. (c) Bruce, M. I. Chem. Rev. 1991, 91, 197-257. (d) Adams, C. J.; Bruce, M. I.; Schulz, M.;
Skelton, B. W.; White, A. H. J. Organomet. Chem. 1994, 472, 285-294. (e) Takemori, T.; Inagaki, A.; Suzuki, H. J. Am.
Chem. Soc. 2001, 123, 1762-1763. (f) Moriya, M.; Tahara, A.; Takao, T.; Suzuki, H. Eur. J. Inorg. Chem. 2009, 2009,
3393-3397.

g LR, BRI, BRUTLERY: (2004)

B KAE HEA, AR, HAR T RS (2003)

% M EE, PR SC, BRI T RS (2013)

3 | BN, BLERSC, HART KRS (2000)
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TF YT UEEHE 13 DEIE
$EIK 13 Doy THERE

PEIK 13 @ THF I®i% —30 °C THE T 5 Z & THE LN BAafCRFE s 2 AV T, BiE X
BB ST 21T - 72,38 $8K 13 Oy % Figure 3-7-4 12, TRk A K KA A% Table 3-7-6
WLz,

Figure 3-7-4. $81& 13 D431 (30% probability)

Table 3-7-6. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(1#) 2.7002(5)  Ru(1)-Ru(2) 2.7189(4)  Ru(1)-C(1) 2.009(4)
Ru(1)-C(2) 1.972(3) Ru(2)-C(2) 2.148(4) C(1)-0(1) 1.187(6)
C(2)-C(3) 1.490(7)

Ru(1#)-Ru(1)-Ru(2) 60.228(7) Ru(1)-Ru(2)-Ru(l#) 59.545(13) Ru(1)-C(1)-Ru(l#) 84.45(19)

Ru(1)-C(1)-0(1) 13753(11) Ru(1)-C(2)-Ru(1#)  86.39(19) Ru(1)-C(2)-Ru(2)  82.46(15)

Ru(1)-C(2)-C(3) 130.58(17) Ru(2)-C(2)-C(3) 127.2(3)

TF Y VBN O ZEIEERN S ABRIR STV A, B KU RENLFI1E Ru(l)-Ru2) &
Ru(1#)-Ru(2) IZZ4E L T\ D Z &b olz, BREN VAR = VR 71X Ru(l)-Ru(l4) % —4537
2 ftdn R 2R 8 B ET D,

S 13 O NMR 7 kL
SEIR 13 @ IHNMR TiX, Cp* ICHET D7 TR §1.48,1.92 |2 122 O THIER S
N, ZOZ EIF38EER 13 B FNICH M 2R oMiE CTh 5 Z L A& L TE Y, Figure 3-7-4 T

3 HIZE L Rigaku R-AXIS RAPID [FI#7#E 4 iV T —150 °C T4TV . Rigaku Process -AUTO program (2 & > TF
— A A LT, SRR RICE LZEMET Pima (#62) ThH Y . fERERIREEA AT HETH o7,
FRHTIZ B\ TIE, SHELXT-2014/5 KU} SHELXL-2014/7 70 75 LNy r—U % RV, BEEICL Y AT =0 4
FRT-OMEEEZREL, 77—V ZHRRIC L - TR D IFRBIR T E2UE LTz, SHELXL-2014/7 7' 77 L% W/
THRBRICE VBB L, KBRS AL HICER L2, Ru@) EfEA Lz Cp* RiCiET « A4 — & — N F1E
THED, Ty AA—F—DEFLREZ50:50 & L, Cp*Ru 7T 7 A M &KL /e L TR T OBIRE) 72 A3
SHEAREEITR A LD restrain AT D I L THEGE A Ik b LT,
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AU FREENERFP CHRFEF SN TVDH 2 2R LT D, 5K 2 TIFARE LA =/
2% 3 20 Ru-Ru #ES EEBENT 2 Z LB LM éﬁ’b“(b\éiﬂ Dipd &b NMR # A
DA — VTS 13 DG VAR = VBN DY A R ZHUTHETT L7220 2 & 3B B 7T
Ipolz, —HEEETT U VU BN D IR T Hﬂ?E*fév?%/I/i 53904ppm B STz,
INFETICHBMFRETIRE SN TWDL ZEHEEFE T LX) O UEAMAFOM#HKRFED BC NMR
AR KNVT—H % Table 3-7-7 12”7, Li X° Zn 7 & OBKGIEIRBUL 1% Fr o8&k Tl 7 v
XU P URFBOT T F ALK 400 ppm &R E ARBIGIZEN TV DD, Z OO —FHLET v
T OUBERTIEIT AR ) U RFE TR 300 ppm BEICEBERI N TV D, $EK 13 ox=F Y
VUBALAD o RFEO VT F T §390.4 ppm IZBIEINTEYD . VRS VBNV EA S
Nz Z & TRE RGN 7 VT D52 LB bnolz,

Table 3-7-7. —HZUGET VXV U UEERDE BCNMR 7 —4 (5/ppm)

Complex 13C NMR data for 15-C Ref
(Cp*Ru)s(1-CO)(u3-CCH3)(u-H)2 (13) 390.4 This Work
(Cp*Ru)3(1-CO)(1-CCH3)(1s-CCH3) (1-H) (14) 318.5 This Work
(Cp*Ru)3(u-H)2(x8-17P-HCCH)(13-CMe) 310.3 3
(Cp*Ru)s(u-H){ - *-CHCHC(Me)}(u5-CMe) 332.0 3¢
(Cp*Ru)z(u-H)a(rz-AlMe) (13-CMe) 308.3 34
{Cp*Ru(u-H)}3(uz-Li) (13-CMe) 418.9 3
{Cp*Ru(u-H)}3(uz-ZnEt)(13-CMe) 424.3 %
(Cp*Ru)z(u-H)2(s-O)(13-CCH2Ph) 343.0 6
(Cp*Ru)z(1-H)2(15-O) (1s-CMe) 342.6 6
(Cp*Ru)3(e-H)2(13-S) (13-CCH2Ph) 309.1 3
(Cp*Ru)s(-H)2(143-S) (13-CCH,"Bu) 315.6 40
(Cp*Ru)z(u-H)2(1s-S) (143-CCeH11) 324.6 3%
(Cp*Ru)z(-H)2(5-S)(113-CPh) 297.0 36
(Cp*Ru)s(u-H)o(us-S)(u3-CMe) 309.5 )
(Cp*Ru)z(u-H)2(s-NH) (1s-CCH2Ph) 316.6 6
(Cp*Ru)z(u-H)2(z-PPh) (13-CCH,Ph) 299.2 4
(Cp*Ru)s(u-H)2(15-PMe) (13-CCH,'Bu) 348.3 4

SHEYEI VR = NVENL T E AT DB B AFIEL O 203, WIRP CRERITHERE S h o
Too VAR =V DN RRE RIS 72 D ERHRITBAED & Z A LTIV A, RIS DB
BOMWIENE TR O RFBEOERILN I VR = VBN F ORMNIIERIC R LY 52 5 =
ERFLITND, BlZIE, [{Fe(CO)s}s(us-CR)(1-CO)]™ (R = H, OCH,OMe) T A /LR = VBT

FNERGEAAL LTV D A, 4 [{Fe(CO)s}s(13-CR)(1s-CO)]™ (R = CH,CH=CH,) Tl /LR = VAL
FINZEIE LTS, 2 ZFEHET VXY VUL A DOBEHILDOENIZT T, IR = VR
FOBRNIERNENT D Z Enbnd,

39 Matsubara, K.; Okamura, R.; Tanaka, M.; Suzuki, H. J. Am. Chem. Soc. 1998, 120, 1108-1109.

40 Matsubara, K.; Inagaki, A.; Tanaka, M.; Suzuki, H. J. Am. Chem. Soc. 1999, 121, 7421-7422.

4 (a) Wong, W.-K.; Wilkinson, G; Galas, A. M.; Hursthouse, M. B.; Thornton-Pett, M. J. Chem. Soc., Dalton Trans. 1981,
2496-2500. (b) Kolis, J. W.; Holt, E. M.; Drezdzon, M.; Whitmire, K. H.; Shriver, D. F. J. Am. Chem. Soc. 1982, 104,
6134-6135.

42 Thone, C.; Vahrenkamp, H. J. Organomet. Chem. 1995, 485, 185-189.
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BE=F IO —ZEHEBF Y DK 14 OFE
PEIR 14 Doy THEE

SR 14 @ THF k% -30 °C TEHE T 5 2 & THOLNTAEBCIREE 2 V¢, s X
BRREERIT 21T > 72, $51K 14 Oy THEi& % Figure 3-7-5 |2, T AR fA A% Table 3-7-8
R LT,

N
0O(1B)/C(3B) O(1A)/C(3A)
) Q -

A Une j D)
C(1B)/C(2B) C(1A)/C(2A) \
NA \%‘P\\//¥) UO
- |

Z \”:f'/\ \ 9 Jm.
Vatm\\ Lol 1 Ny
Mcm /_{\J\?{\Jﬂf
@ou)m(a)\ : (lx} )
I &
- Cg

Figure 3-7-5. 81K 14 D431 (30% probability)

Table 3-7-8. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.7099(4) Ru(2)-Ru(3) 2.7461(4) Ru(3)-Ru(1) 2.7492(4)
Ru(1)-C(4) 2.026(3) Ru(2)-C(4) 2.024(3) Ru(3)-C(4) 2.013(3)
C(4)-C(5) 1.457(5)

Ru(1)-Ru(2)-Ru(@ 60.51(1)  Ru(2)-Ru@)-Ru(l) 59.09(1)  Ru(3)-Ru(l)-Ru(2) 60.40(1)

Ru(1)-C(4)-Ru(2) 83.99(12) Ru(2-C(4)-Ru(3) 85.71(13) Ru(3)-C(4)-Ru(l) 85.79(12)

Ru(1)-C(4-C(5)  128.0(3)  Ru(2-C(4)-C(5)  128.2(2) Ru(3)-C(4-C(5)  129.7(2)

BEKE VAR = VBN B B =T ) UMY 3 DD Ru-Ru fEEE T VX NIBEET D
F 4 AT —F—=DEE L., HEEDN L EN TV DDA EDEMARERIZITE 208, 5K
4 [ IBRE I VAR = NVENL T, BRE= T ) D UBM B RO SERE T O UL A RO
EThHDHIEZMR LI, B NY FOMEITRKELTERNo7208, B2 VR = Vil & 28
BT U O UENLPNIFIE L2\ Ru-Ru BIICHFEET D EE 2N D,

4 JI7E X Rigaku R-AXIS RAPID [EI#745# % v T —150 °C TfT\>, Rigaku Process -AUTO program (Z &> T
— X M LT, R AR RICE L, ZERET P-1 #2) Tholz, fTICRB VT, SHELXT-2014/5 KX
SHELXL-2014/7 7' 7T L%y r—C %AW, BEEICI VAT =T ARAOEEEARE L, 77—V =4I &
> THRDIEKRFBFRAZE LT, SHELXL-2014/7 7' 7' T LE AW/ ZRIEC L VBB L, EAFRT2IE
ST L7 BB I VAR = VN L BB =T U P VB 3 H RIS T VA DT 4 A —Z— LT
7272%. SUMP, EXYZ, EADP Z{fH L TENZEND 5% 31:41:28,45:21:34 L35 Z & ChiE % Fafb
L7, Ru(l),Ru(2),Rud) &fa L7z Cp* BiCHT 4 AA—F—DHHET D720, T A AA—FX—DEHEREZ
NZ¥ 65:35,60:40,63:37 &L, Cp*Ru 77 7 A v FZERAIK L 78 L CRTOEGES 723 & E 72 M & (12
725 KD restrain 2T D Z & TREE R KL LT,
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$EIK 14 ® NMR &7 kL

RET X O VBN A DO MU IRFEIL = FHEEET VX Y O VR O U IR FE LD b IR
B SN ZERMBNTND, ZTNETICHRE SN TWDEUET VXY ¥ VR O DAk R
F D BC NMR A~XZ hLF—HZ % Table 3-7-9 (TR LT, ZRKE 7 V3 U O BN+ D PUFL IR 35
I BCNMR A7 LT §5388.3 ppm ([ZEIZ2 S 41, Table 3-7-9 Ofbpy 7 F & RBW—EZR L
oo £, ZHEEEZT Y VU OMRRFIZHET S 7T §318.5 ppm (ZHIZL S 4, Table
3-7-7 ORLIEALF Y 7 hEZ BB R OV—&E R LT,

Table 3-7-9. ZEAE T /L% U ¥ VBN & FEOBEEZSE RO UL IR FE O F 72 13C NMR (5/ppm)

Complex 13C NMR data for 4-CR Ref
(Cp*Ru)3(u-CO)(1-CCH3)(us-CCHa)(1-H) (14) 388.3 This Work
Fe,(CO)s(u-CCH=CHOMe)(u-S'Bu) 360.5 44
(CpW)2(CO)3(u-CCsHaMe)(Me) 360.7 45
(Cp*Ru)2(u-CMe)(1-SiMey) (u-H)2 387.7 4
(Cp*Ru)s(u-CCH,'BU)(1s-BH)(1-H)2 386.7 6
(Cp*Ru)s(us- P-C=CH"Pr)(u-CCH2'Bu)(1-H), 394.9 3

SEEBIFY VBB YR 15 ORIE

Ptk 15 o=/ LT THNMR T 6258 (d, Jun = 7.2 Hz), 3,56 (d, Jun = 10.4 Hz), 7.80 (dd, Jun
=7.2,104 Hz) 2B, FIBFAE CINETICHEIN TV LB = LKk E B —2
Z o~ L7 (Figure 3-7-6), % 3747 §&{K 14 L THDHZ Db, BB B = VAL & FF ot
EThoHEEZBND,

Figure 3-7-6. Z&#& £ = LEI 1D HNMR A7 hUZEIT HiEEEL

T UER 16 OFIE
Sk 16-a D4y FHELE

BER 16-a O ML R A 30 °C THIET H 2 & TH O EENCRAE B A VT, RS
il X BRAEEMRNT 21T 572, 4 $E(K 16-a D4 T-H§E% Figure 3-7-7 12, ERfEEER - A%

4 Seyferth, D.; Ruschke, D. P.; Davis, W. M.; Cowie, M.; Hunter, A. D. Organometallics 1994, 13, 3834-3848.

4 Hart, I. J.; Howard, J. A. K.; Lowry, R. M.; Spaniol, T. P.; Stone, F. G. A. Polyhedron 1989, 8, 2035-2040.

46 Takao, T.; Amako, M. A.; Suzuki, H. Organometallics 2001, 20, 3406-3422.

47 Tahara, A.; Kajigaya, M.; Takao, T.; Suzuki, H. Organometallics 2013, 32, 260-271.

4 JI7EIX Rigaku R-AXIS RAPID [EI#745# % v T —130 °C TfT\>, Rigaku Process -AUTO program (Z &> T

78



B 3E ZEAT=ULEEN LRV R b RY REEE L REFNRALKSE & ORS

Table 3-7-10 (Z/R L 7=,

I

Figure 3-7-7. $81K 16-a @ 4y 14 (30% probability)

Table 3-7-10. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 3.0669(8)  Ru(2)-Ru(2#) 3.0635(10)  Ru(1)-C(1) 1.834(10)
Ru(2)-C(2) 2.161(8) Ru(2)-C(3) 2.205(7) C(1)-0(1) 1.160(12)
C(2)-C(3) 1.421(11)  C(3)-C(3#) 1.469(14)

Ru(1)-Ru(2)-Ru(2#) 60.04(1)  Ru(2)-Ru(1)-Ru(2#) 59.93(2)  Ru(2}-Ru(1)-C(1) 82.9(3)

C(2)-Ru(2)-C(3) 380(3)  Ru(1)-C(L)-0(1)  1742(9) C(2)-C(3)-C(3#)  123.2(5)

Ru-Ru A BT sCiss7 ¥ V=W p-n2in? BLT 5 Z LR bhoTz, it C(2)=C(3) A
HiEfE (1.420(11) A) 1% C(3)-C(3#) MIHEE (1.469(14) A) v H, <, LENCHE ST\ 5
wrpin?-Y = U EEIRERE, C(2)=C(3) I& 7 BRI L TWDH I L ZRBL TS, © 77X
T OENLIZ & B 7R, VIR = VBN OENAR I ZEENL N & 7 & V= S EAL LT e
W RU(l) ~OFRGEANLICENT D EbboroTz, IR A ML TH YCO) 7 /V— 7 b
L. RUGENLCTHH Z L &ord 1880 cm™ [ZEIMI S 7z,

— X AU U, fERIIRT R RICE LZE BT Phem #57) ThH Y. FEREAIREER A F o T, fi#Tick
VT, SHELXT-2014/5 KO8 SHELXL-2014/7 v 7T ARy /r—V AV, BEEICE D AVT =0 LA O
BAEREL, 7— U ZHRICE > TR D IFKRRRTEIRIE LTz, SHELXL-2014/7 71 7' F K& AW/ Ik
KO REEIL U, KRBT 2% IR L7z, Ru(l), Ru@2) Ef56G L7z Cp* JEICIET 4 A4 — & — W FEET
L0, T4 AA—F—DEFEEZENTI 50:50,52:48 & L, Cp*Ru 7 7 7 A ¥ b ERIKE B72 LTHRAD
BIRENZ N AB 72 M & 12725 K 5 restrain At D Z & THEE AR L L7z, Ru JRfHEDEKFE— 71
HkT 5 Alert A 23454 SN 72y, BEFTHEID OFRETH D LW Lz,

49 (a) Al-Obaidi, Y. N.; Green, M.; White, N. D.; Bassett, J.-M.; Welch, A. J J. Chem. Soc., Chem. Commun. 1981, 494-496.
(b) Braga, D.; Grepioni, F.; Sabatino, P.; Dyson, P. J.; Johnson, B. F. G; Lewis, J.; Bailey, P. J.; Raithby, P. R.; Stalke, D. J.
Chem. Soc., Dalton Trans. 1993, 985-992. (c) Dyson, P. J.; Johnson, B. F. G;; Lewis, J.; Martinelli, M.; Braga, D.; Grepioni,
F. J. Am. Chem. Soc. 1993, 115, 9062-9068. (d) Braga, D.; Sabatino, P.; Dyson, P. J.; Blake, A. J.; Johnson, B. F. G. J. Chem.
Soc., Dalton Trans. 1994, 393-399. (e) Dyson, P. J.; Johnson, B. F. G,; Martin, C. M.; Blake, A. J.; Braga, D.; Grepioni, F.;
Parisini, E. Organometallics 1994, 13, 2113-2117. (f) Pasynkiewicz, S.; Buchowicz, W.; Poptawska, J.; Pietrzykowski, A.;
Zachara, J. J. Organomet. Chem. 1995, 490, 189-195. (g) Akita, M.; Hua, R.; Nakanishi, S.; Tanaka, M.; Moro-oka, Y.
Organometallics 1997, 16, 5572-5584. (h) Ohki, Y.; Kojima, T.; Oshima, M.; Suzuki, H. Organometallics 2001, 20,
2654-2656. (i) Takao, T.; Obayashi, N.; Zhao, B.; Akiyoshi, K.; Omori, H.; Suzuki, H. Organometallics 2011, 30,
5057-5067.
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$EfK 16 D NMR R~2Z kL

THET SR 16-a D H NMR A7 R T, Cp* Mt b FU RO ZFiEEbEH
2.1 O TEBIIENT-, scis-7 % VT HRD v 7 F VITRER ) 72 IEEAT T D 7= O e e
A=AV UREEERT, Y ab—Ta OfER%E Table 3-7-11 & Figure 3-7-8 (2% & o7,
v RU REAZF (H) 1 38Em o e RY REAL GH) &2 TR, 7¥ Y= EBA1O endo
K#E (CH) &b Jun = 080 Hz DAL — A UHiA %R LTz, endo KFEITMIZEH exo /KE
(°H, Ju-n =110 Hz) A F 2 KkFE (CH, Jun=1040Hz) £ H A B — A UEA AR T, ex0 KFHE
(OH) 1 X L= A F o KFE CH, =740 Hz) L7217 T2, b9 —FHDAF L IKFE (H, Jun
=090 Hz) L bERY v TN Ik DAY — A AR T, AT UAKEMDAE L — 2
v URES (Ju-n=6.60 HzZ) HE7ET 5,

BCNMR A7 hLC, $8K 16-a DT X P ELHIZ 7V —D 1,3-7 XV L) Hn
720 @R BLIN S v, VR = VBN A FEZ 72V 17-a [CEVME T 5T, A Y T L
YRR 16-b DA Y TV UHBRD UV TV TRIER SN D A Y UG ERILT 4 Y B 16-a
CITVVETHAZ Enb, A V7L sCis-FfL TH D I ERMER I NI,

16-a

Table 3-7-11. 5K 16-a ® IHNMR A7 MDY I 2 b—3 g /85 A—X
W (Hz) 1 2 3 4 5 6 7 8

-22.606 | 1.80
-22.606 | 1.80 0.00
-13.661 | 1.80 2.55 2.55
0.531 1.40 0.80 0.00 0.00
0.531 1.40 0.00 0.80 0.00 0.00
1.824 1.40 0.60 0.00 0.00 1.10 0.00
1.824 1.40 0.00 0.60 0.00 0.00 1.10 0.00
2.438 0.90 0.50 0.00 0.70 10.40 0.00 7.40 0.90
2.438 0.90 0.00 0.50 0.70 0.00 10.40 0.90 7.40 6.60

OO N[OO|OIRlWIN|F
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am MO MO

Hé, H® HS, H’ | H4, H®

H? H', H?

Figure 3-7-8. $&1K 16-a @ 'HNMR A7 kL
(E:>vI=ab—var, F: HIET—4. 400 MHz, CsDs)
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THENE T 2=V T 2F L 8K 18-CoPh DIFIE
$fk 18-C,Ph D4y FHEiE

PEIK 18-CoPh D A~FH Ui Z2 —30 °C THE T 2 Z & TH b AR BB 2 FIV T
i X B EMAT 21T o 72, %0 §8{K 18-C,Ph Oy 1% Figure 3-7-9 12, EfEGE - #
A4 % Table 3-7-12 12k L7z,

Figure 3-7-9. $&{K 18-Co.Ph @ 3113 (30% probability)

Table 3-7-12. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.7074(3)  Ru(2)-Ru(2#) 2.8048(3)  Ru(1)-C(1) 2.046(3)
Ru(2)-C(1) 2.224(2) Ru(2)-C(2) 1.9993(18) _ Ru(1)-C(3) 2.130(2)
Ru(2)-C(3) 2.2372(19)  C(1)-0(1) 1.195(3) C(2)-C(3) 1.415(4)
C(3)-C(4) 1.491(3) C(4)-C(5) 1.396(2) C(5)-C(6) 1.392(3)
C(6)-C(7) 1.383(2)

Ru(1)-Ru(2)-Ru(2#) 58.801(4) Ru(2)-Ru(1)-Ru(2#) 62.395(8) Ru(1)-C(1)-Ru(2) 78.59(9)

Ru(2)-C(1)-Ru(2#)  78.20(10) Ru(2)-C(2)-Ru(2#)  89.08(10) Ru(1)-C(3)-Ru(2) 76.58(7)

Ru(2)-C(3)-Ru(2#)  77.64(8)  Ru(1)-C(3)-C(2) 125.07(18) Ru(2)-C(2)-C(3) _ 79.89(12)

Ru(2)-C(3)-C(2) 61.62(10)  C(2)-Ru(2)-C(3) 3850(9)  C(2)-C(3-C(4)  119.5(2)

T 08 Ru2)-Ru(2#) #EEITxE L CHEEICANLT D 2 & & VAR = VBT —EHARE
BT 5 Z Envbinol-, %ib 4228, IHNMR A7 hLT Cp* DL 7 FI/VIFRET 3 K
BEIN5720, B FU RENA 71X Ru(1)-Ru(?) F721% Ru(l)-Ru(2#) Liz72uid 2z 5720,
LU, fEFERRSEENFET 2720, & R REN T ONEITIRE CTE RhoTz, FERIZ,

50 HIZE L Rigaku R-AXIS RAPID [Al#fr#k{& % U T —130 °C T/FV . Rigaku Process -AUTO program 12X - TF
— A LU, fERITEANRRICE LML C2/m (#12) ThHV . fmEmRSEmAs AT HETh o7,
FRFTIZ I\ TIE. SHELXT-2014/5 KUY SHELXL-2014/7 70 75 LNy r— % W, BEEICL Y ALT =0 A
T OMEREEZRE L, 77—V ZHRRIC L » TR D IFRBIR T Z2E LTz, SHELXL-2014/7 7' 7 F L% W/
THRBRICE VEBL L, KBRS EIEETICER L2, Ru(l) EfEA Lz Cp* RiCiET « A4 — & — N F1E
THED, T4 AA—F—DEELREZ50:50 & L, Cp*Ru 7 T 7 A > b ZHHE L &7 L TR FORIES - 8
SHEAREEITR A LD restrain AT D I L THEGE A Ik b LT,
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AR BEEIC K D Co MMMEDOREE L 72 DB LT, “HEERY LR A ET HEE
BN 7 = = L7 B F L U8R (Cp*Ru)s(us-BH) (us- 1% 17(L)-PhNCCH) (u-H) M S Tung, 5t

$EfR 18-CoPh D& JE L O EMME L, ANCHRE LIZEEO 7 = =T B F L U ERO
Rl L v /S (Table 3-7-13), E D78, SR 18-CoPh TIET L% o ~Dififl 52358 < 7
V. CC #BITRELRDIITTH D, LiL, Table3-7-13 (TR L 912, C-C fAHMIIH *
DWEDLRN-T2, ZHUIBE L, RETFMED I IVR = VENL T & TERBR B O D) B
FIA L TWD LR EBE LD,

Table 3-7-13. EEFNIH T = = LT £ F L UEERO T L% o R EMERE (A)

Complex C-C Ref
(Cp*Ru)3(u3-CO) (us-177: 177(L)-PhCCH)(u-H) (18-C,Ph) | 1.415(4) This Work
{Cp*Ru(u-H)}s(us- % 77(L)-PhCCH) (9-C2Ph) 1.392(7) 14
(Cp*Ru)s(x5-BH)(ps5-177:177°(1)-PhCCH) (1-H) 1.351(10) >
(Cp*Ru)s(15-BO)(ps5-177:17°(1L)-PhCCH) (1-H) 1.391(9) >

$EIR 18-C.Ph @ NMR R~ kL

BCNMR A7 MV TIE, 7 ==V EREA LT v U FBEIL 594.9 ppm (s) 12, KB L ik
A LT IVF URFET §5204.2 ppm (d, Jen = 182 Hz) IR SNT-, TRETICHESN TV D
WEFEN T VX RO T/ BCNMR A7 LT —H % Table 3-7-14 (Zx Lz, =a7
NI D T L3 R F#E1E 556~84 ppm (2. AMERDO T V¥ L iRFEIT 5161 ~ 208 ppm (IZEAL, b
7 NOZED 100 ~ 120 ppm FREIC/R D T EDBFHEAITH D, FER 18-CoPh TITNED 7 /L%
VIRFEN ZNE TICHE SN TWAME L O BIRRIGIC LT 528, SMBOT L% fkHE L Dfbs:
7 FOFET 109.3ppm L7220 LTI T FOEICET AREITRW—EE R LT,

Table 3-7-14. FEEFEMIHRL T L% RO F72 13C NMR (S/ppm)

13C NMR data for
Complex Alkyne ligand Ref
inner outer
(Cp*Ru)3(3-CO) (- 1: 177(L)-PhCCH)(-H) (18-C2Ph) 94.9 | 204.2 (182 Hz) | This Work
(Cp*Ru)3(3-CO)(us-17: 177(L)-PhCH,CCMe) (u-H) (34) 90.4 | 205.1 This Work
{Cp*Ru(u-H)}s(us- % ?(1)-PhCCH) (9-C2Ph) 66.3 |1785(183Hz) |4
{Cp*Ru(u-H)}s(us- % 2(L)-"BUCCH) 60.4 |160.5(182Hz) |4
{Cp*Ru(u-H)}s(uz-17%:72(L)-PhCCMe) 73.7 |181.0 14
{Cp*Ru(u-H)}s(us-17%: 7?(L)-PhCCPh) 743 | 172.6 2
{Cp*Ru(u-H)}s(us-CuCl)(us- P (L)-PhCCH) (1-H) 78.7 |180.2 (187 Hz) |
{Cp*Ru(u-H)}s(13-AgCl) (us-17%: 172(L)-PhCCH) (1-H) 73.8 | 179.8 (200 Hz) |3
(Cp*Ru)3(-H)2(113-ZNnEt) (- 177 17(L)-PhCCH) (1-H) 81.3 |2035(182Hz) |*
(Cp*RU)3(1-H)2(113-Mg) (13- i 17(L)-PhCCH) (1-H) 839 |[208.1(182Hz) |*
{Cp*Ru(u-H)}s(u5-BH) (us- % 2(L)-PhCCH) (1-H) 83.9 |199.3(184Hz) |°
(Cp*Ru)s(u-H)2(15-BO) (13- % 7(L)-PhCCH) (1-H) 55.9 | 174.9 (186 Hz) | %2

51 Kaneko, T.; Suwa, H.; Takao, T.; Suzuki, H. Organometallics 2013, 32, 737-740.
52 Kaneko, T.; Takao, T.; Suzuki, H. Angew. Chem. Int. Ed. 2013, 52, 11884-11887.
S 1 AT, BRI, B RS (2001)
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0°C @ HNMR A2 LT Cp* HiT 3 DOty /T s LTHBESNDN, 2 O
DY T FIVEIFETDICoNTTe— =745, 50°C LI ETIE, 95 1 50 Cp* EDv
JFINbTa— K= 7 LTz, LrL, ZThHDO > 7 70°C THREEG Lishoie, 2
nNooOART SO ZGIE Ru()-Ru2) & Ru(l)-Ru(#) floe KU FEE), BLIO=LT =
U LE ETOT AR VR OB E A DE S Z L THHTE S, AT MLOZE{RITY
Ra2lb—varT5IENTEX (Figure 3-7-10), ENZENOENE I3 L CTHEMAL/NT A —F &5
¥ L7z (Table 3-7-15, Figure 3-7-11),

4’ . \ N AN _ _|T' |
| | | ” 18
o i el A |1\
25°C _“{ — _H l ” — ‘ || N I__I__l |_I -
2n°c_‘ I 1 |‘J VAN |+‘ " ‘l ;_”
15°C 4‘ I h ‘ ‘ h | ’ |‘
c | |/ A | A BN
10°c 7“ 7 \||| = \_l i l.\ o
e Pl DL /b
| |
0°C | .|' -l'. I \ )
T 10 i '1;3';:“) BTN e am I‘;‘.?:?m.

Figure 3-7-10. #%{& 18-C,Ph DA A[ZE H NMR
(2 WET—H (400 MHz, CéDg). #7 @ ¥ = L—3 3 >, Cp* FEIK)

Table 3-7-15. &&{& 18-Co.Ph @ 'HNMR A7 MDY I a2l —3 g o XTF A—X

(ki: B FU R® Ru-Ru [MRE), ko 77 /v B 7 O B 25 H))

Temp/°C | ki/sect | ka/sect | In(ki/T) In(k2/T)
0 0.000 0
5 0.150 0 -7.53
10 0.245 0 -7.05
15 0.380 0 -6.63
20 0.500 0 -6.37
25 0.640 0 -6.14
30 0.910 0.003 -5.81 -11.42
35 1.20 0.010 -5.55 -10.22
50 2.80 0.300 -4.75 -6.82
70 12.0 8.00 -3.35 -3.57
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0.00 T T T T T T T 1
-2.00
w00 B y = -5810.9x + 13.406
' N Te— R?=0.9922
-\\\ "--._.___
5 -6.00 - '—--—..__‘ -
= ~@ T
o ki
-8.00 -
ke y = -20490x + 56.292
-10.00 o RE-=0.9967
®
-12.00
00029 0003 00031 0.0032 0.0033 0.0034 0.0035 0.0035 0.0037
T

Figure 3-7-11. $5{K 18-CoPh O EAGZEENIZXI3 5 Eyring 7’1 v b
(ki: & FU R Ru-Ru [W#HE), ke 1 7 /L3 2 Bifr - O Bhi) 24 8))

PER 18-CoPh b NYU R> Ru-Ru MBEIOTEME /ST A —4Z 1% AH* = 11.5 + 0.4 kcal mol™?
AS*=-206+04calmolt Kt THY, 7/x BN FOBEIOTEM L/ NT A —4 X AH*=402+
1.6 kcal mol%, AS* = +62.9 + 5.1 cal mol't K1 TH 7=, $&K 9-CoPh DT /L ENL DO BE D
TEMEAL /R T A — 23 AH* = 14.0 + 0.3 kcal mol?, AS* = +0.2 £ 1.0 cal mol K1 TH D5, 5K
18-CoPh D7 /L3 BN F DE) & 1 FEEAR 9-CoPh ([ZHRTRE <SS TV D,

Fex TLIRNC, TF RN AN SN E T T L U RFEONM & SMAE A L OO E)
9% @AY, switch back motion (Z-2WT#i%E L Cuv% (Scheme 3-7-1), $&{& 18-C,Ph @ switch
back motion DIEMAL/NT A —H IFFEFIZRKE <, $5K 9-C,Ph LB LHATHEEZL TWDH 2
EETBELTCND, FRZ, RERIEM b= ha ©—I7 v VB 1 switch back motion @
BE. ZHEZEE I VR = AR OB AL T O ERH DD B2 LD,

Scheme 3-7-1. switch back motion (& KU RiZ44 M)

—_— _— —_— —_— —_— _—

Q@ =RuCp*

SEEBTEME T —ZBEBATFY VUK 19 ORE
$EIR 19 DAY TFHEE

BEIR 19 O F = IR E 30 °C THET 5 2 & THE LN AN S &2 VT, BR R
X BREEMANT 21T o 7, % $51K 19 o4y 7HE1E% Figure 3-7-12 12, ERFEGE - #ifA % Table

% JIEIX Rigaku R-AXIS RAPID [EI#745# % v T —150 °C TfT\>, Rigaku Process -AUTO program (Z &> T
— X EALBL LT, R EANERICE L. ZERIRET P-1 (#2) Th o7z, TSV TIX. SHELXT-2014/5 KO
SHELXL-2014/7 7' 7T L%y r—C %AV, BEEICI VAT =0 AR OEEERE L, 77—V =4I &
S THDIERBZRTFZIE LTz, SHELXL-2014/7 712 275 L&k FWg/h “RIEIC L VBRI L, EKZERT2IE
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3-7-16 T/~ L7z,

Figure 3-7-12. #5{K 19 O4rFH#§iE (30% probability)

Table 3-7-16. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.6822(9) Ru(2)-Ru(3) 2.6863(9) Ru(3)-Ru(1) 2.6978(10)
Ru(1)-C(1) 2.044(13) Ru(2)-C(1) 2.039(16) Ru(2)-C(2) 2.000(14)
Ru(3)-C(2) 2.080(13) Ru(1)-C(3) 2.072(8) Ru(3)-C(3) 2.065(8)

Ru(1)-C(4) 1.998(8) Ru(2)-C(4) 2.020(8) Ru(3)-C(4) 2.002(8)

C(1)-0(1) 1.206(18) C(2)-C(3) 1.422(16)

Ru(1)-Ru(2)-Ru(3) 60.33(2)  Ru(2)-Ru(®)-Ru(l) 59.76(2)  Ru(3)-Ru(l)-Ru(2) 59.91(2)
Ru(1)-C(1)-Ru(2)  82.1(5) Ru(1)-C(1)-0(1) _ 138.9(13)  Ru(2)-C(1)-0(1)  138.7(12)
Ru(1)-C(4)-Ru(2) _ 83.8(3) Ru(2)-C(4)-Ru(3) _ 83.8(3) Ru(3)-C(4)-Ru(l)  84.8(3)

BV ZIVENF & = F VETEDNENEN 2 HFTICERND T 4 A —F—I12 L, FEERN
UL STV D T2 DA R ORI I TE R WA, S8R 19 132G D VR = VBT, =
BHIREATRN L = F VB -, ZHZEEA TV D UEN R OMATH D 2 L AR LT,

$8 19 O NMR A2 R

IHNMR A7 ML ClE Cp* DT 7 Ih §1.78 ppm & 5176 ppm (2 2:1 OFEDET
Brsns, oF UM FOT 0 btk 6849 ppm (d, Juw=1.0Hz) (2, A F VU P UENAD T
7 ki §14.97 ppm (t, Inn = 1.0 Hz) (TRl STz,

RV YTFTUT I R$Ek 21-CO DFIE
$EK 21-CO Doy FHEE

BE(R 21-CO @ THF ¥&ik% —30 °C THHE T 5 2 & TR LN A EMCIREE B2 VT, g
bl X AEIRAT 24T o 72, 55 HAAS TSI, BRlOMIE ST A —2 2R 2 OIS 1

SEHMEICRBE Uiz, AAVRZNVEN T & = F VBN TFAST 4 AA— X =D FET D720, 5HFR%Z 54:46 & T
5z oA ROEL LTz, Ru@Q) &fEE LTz Cp* HICHLT 4 AA—F—BHFET D20, T 4 A4 —H—D 5
FEAE 53 147 L L, Cp* 77 7 Ay MUK L 272 L TR OBIREN 2N AGBAR M E 127225 £ 9 restrain
Tt D Z L THEE R Raifb LTz,

% JI7E X Rigaku R-AXIS RAPID [EIr45# % VT -110 °C TfT\ >, Rigaku Process -AUTO program (2 &> T
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NS, £0 9 b—J7D5h &% Figure 3-7-13 |2, ERFAER - A& fA% Table 3-7-17
R LT,

%)

— g

!
J o(1)

Figure 3-7-13. $8fK 21-CO ®4rf-H§i& (molecule 1, 30% probability)

Table 3-7-17. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.8444(6) Ru(2)-Ru(3) 2.7123(6) Ru(3)-Ru(1) 2.8747(6)
Ru(1)-N(1) 2.062(4) Ru(1)-C(1) 2.263(6) Ru(2)-N(1) 2.003(4)
Ru(2)-C(8) 1.978(6) Ru(3)-N(1) 2.011(4) Ru(3)-C(8) 2.083(5)
N(1)-C(1) 1.329(7) C(8)-0(1) 1.192(6)

Ru(1)-Ru(2)-Ru(3) 62.253(16) Ru(2)-Ru(3)-Ru(l) 61.129(15) Ru(3)-Ru(1)-Ru(2) 56.618(14)

N(1)-Ru(2-C®8)  93.72(19)  N(1)-Ru(3)-C(8)  90.35(19)  Ru(1)-N(1)-Ru(2) 88.81(17)

Ru()-N(D)-Ru(3) 89.77(17) Ru()-N(D)-C(1) _ 80.6(3) Ru(2)-N(1)-Ru(3) _ 85.02(16)
Ru(2-N(1)-C(1)  126.9(4)  Ru(3)-N(1)-C(1)  146.0(4) N(1)-C(1)-C(2) 126.0(5)
Ru(2)-C(8)-Ru(3)  83.8(2) Ru(2)-C(8)-O(1)  142.0(4) Ru(3)-C(8)-0(1)  134.2(4)

Ru(2)-M-Ru(3) 152.25

*Mercury ZfE L CHAELZ, M 1ZRu@) & Ru@) OS2 FET,

RV F o7 2 FEAZF1E N(L)=C(1) 7% Ru(l) IZ 7 #& L.N(@) 2% Ru@) & Ru@) I o
O LT e BT RV T = AP BICIEET 2. N(U)=C(L) Bl (1.329(7) A) 1Z[FI#ED
EEDEEA Vo7 = Rk 27 1351 (2) A) LAEDMETH -7-, 2 Ru(2)-Ru(3) HHEf
(2.7123(6) A) 1ZT7 A = U F UK 11 O AR = VBT TG & 4L7- Ru-Ru FEEE (2.59~
261A) kv HE <, N@@)-Ru(2)-Ru@d) & C(8)-Ru(@-Rud) mided it 28° TH5, TDi-
D, T =T UBER 11 TRIE SN AEEMIT R <. Ru-Ru MOZEFEKGITEHR ST
RN E DR S LT,

HIVR = VRN FIZZFEEBR PV F o7 2 REALF & 13 Rus O HANSIFLE L.
Ru(2)-Ru(3) #Z4E L T\ 5, ZEIG I /LR = VEUL 1% IR A7 hLTHaR S 4, 1735 cm™?

— X M LT, RIS RICE L, ZERET P-1 (#2) Tholz, fTICRBW T, SHELXT-2014/5 KX
SHELXL-2016/6 7' u 2T Ly r—2% 0, BEIBEIZE VAT =0 AT OEEZRE L, 77—V &I &
> TR IEKFBFRAZE LT, SHELXL-2016/6 7' 7T L& AVR/N_RIEC LI VEBRILL, T4 A4 —4—
DIFET D Cp* ORFBRTHIRL IFAZBRTEIFSEHFIEICEM L7, Ru@) EfEE L Cp* RioT « A4 —4
—PFET A, T4 AFT—F—DHFEHEEY 67:33 L35 & T Rk L7z,
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W% ~7, B RV FiZ Ru(l)-Ru(?) & Ru(l)-RuB) ZZ84E L T\,

g 21-CO @ NMR AXZ pjb

PEIR 21-CO 1T VU T o7 X RN DEHRIC k3 2 #8882 ~d, 25 °C TO H
NMR A7 kLT 2 20O Cp* DT 7 F/LiEs51.57 ppm (s) & 61.82 ppm (br) (2 1/2 DOFESy
teCEliER s NS, 51.82ppm DIEIAD T 7 FLiE -30°C Tik 6§1.79ppm & 51.83ppm D+
— TR T MTET S, -30°C Tidk KU RV —7 72y 7L LT §-21.22ppm &
5-19.47 ppm BHP SN D0, BEE LT DI N TRIAIZ > T <, dtRIgic, XU 5>
7 RO oDy 7 F v (§6.56 ppm) X -30 °C 705 50°C F Ty —77EET
b, AT MOEITY I 2L —arT5H 2 &N TE (Figure 3-7-14, Figure 3-7-15), Z 4
ZOE) X Tk U THEMAL /X T A —& &35 L7= (Table 3-7-18, Figure 3-7-16), E 1AL/ N7 A — %
I3+ AH*=16.5%0.3 kcal mol™, AS*=4.0+ 0.9 cal molt K1 TH o7,

‘ 1

soc || (! ‘
‘ \

49 i [

30T

20T

0°C‘ | |l \ ‘\‘

-15T

-30C ] o I

18518 175 1.7 165 16 155 18518 175 1.7 165 16 155
¥ppm dppm

Figure 3-7-14. $&{K 21-CO DR R[4 1H NMR
(/£ : WET —4 (400 MHz, THF-dg), 47 : ¥ I = b — a3, Cp* i)
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—15"01

-30C

o % o %

0 31 TR
Sppm sppm

Figure 3-7-15. $#{k 21-CO DA% HNMR
(/2 WIET—% (400 MHz, THF-dg), 47 @ ¥ 2L —v 3, b KU REEER)

Table 3-7-18. #%{& 21-CO @ HNMR A7 MDY I 21— g /87 A —X

Temp /°C k /sect In (k/T)
-15 0.50 -6.25
-5 1.20 541
0 2.50 —4.69
5 5.00 ~4.02
10 9.00 —-3.45
15 14.0 -3.02
20 25.0 —2.46
25 36.0 —2.11
30 55.0 -1.71
35 91.0 -1.22
40 150 -0.736
45 215 -0.391
50 400 0.214
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15
05

-0.5 y=-8296.7x + 25.768

15 R?=0.9973

-2.5

In (k/T)

-3.5
-4.5
-5.5
-6.5

-7.5
0.003 0.0035 0.004
/T

Figure 3-7-16. $fA 21-CO OEHYZEENIZXIT % Eyring 71 v b

SHEET VXY T U7 I RN OB 2 E TSRS S TW e, =BG T
N =0T BN OBV FENIEE D A TR ST\ 5, FTEAFSEE TIRLIET, —H
LR = U F VRN 2 9D Ru-Ru i CERy hE—3 g U 2808 285G LT 5,
¥ ZHAERVVTUT I REMLFOER Yy hE—Ta VEBIRI S AT ML oELE
I C&E % (Scheme 3-7-2 (b)), L/L., —HAEER YU 77 I RENT & RIRFZ, 285600
RN VEAL - E 28 G e RY REMMLFRBEI T2 ERHLHT-0, EARy NE—T a3 UK
21-CO T & TV D ARt ik,

A A I T LA {0s(CO)sys{us-C=C(OEt)H}(-H)2 @ 2 > D EVERRI DN = 5B,
SHAMET NV = T VRN RER TV = T R ERZ R L CRBEN 5 By kEhn
Deeming HIZ XL > THEI N TS, 18 Z OFEAYZEENILE 7 L AR = VBN OB EN AN E & 72
WA TH, 88K 21-CO @ 2 2D Cp* ENFAMIZ/e 5, 50°C TH YU T 7 I NEfL
F0 pAKFEELE RY FOMO SST 1FBEE ST, b NU R g RFEICHBH L TEKIND =
BEIEA 2 RO REAR Z OB CIZEE L T RWZ L 2R L TWD, T, A
21-CO TIXHmE 2 —HEBR VU 707 I RHREEZRR LB 825 E & T 5 Araetk
MEWEEBZ LD,
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(a) Rotation of the alkylideneamido

T B H. Ph 7 'l’h
&—Ph ¥ s—H
N//‘\ /N\ N//‘
~H _HO
Cp*—Ru/éi | —Cp* - Cp* —Rui —H\Rlu—Cp - Cp*—Ru/<\ \R\u—Cp*
—p— —p—
FRu\/ H }—Ru\/ H %Ru\/ H
o) Cp* L fo) - Cp* | o) Cp*
21-CO 21-CO
(b) Pivoting motion of the alkylideneamido
T B H 7] H
//C/Ph ph\(|:\\ Ph\(l:\\
Cp* —Ru/—N - Ru—Cp Cp*—Ru',Lr‘-L /H\Ru—Cp Cp* —Ru \ Ru—Cp*
—_— _‘
o \ o \CP* (0]
21-CcO - - 21 co

Scheme 3-7-2. $f{K 21-CO D EhH)ZEH)

ZEET I NEEIL 25-CO DFRIE
gk 25-CO ™ NMR A2 b

EK 25-CO @ IR AL LTI v(NH) (C0JE T & 2 WL S 7255 7228, 1H NMR
AT RV TIE 8374 ppm 12T 2 REMLFOEHRZLES LT 0 b7 o — Ry 7 F U
B SN 72, BCNMR A7 ML TEIHISNS §93.1ppm (t, Jen =134 Hz) O 7 F b —HEHZE
BT o7 X RENLFD CaN FEERKELINTZZLEERLTND,

R 25-CO D4yFHEE (FERY)
TR ER TIEH D3, BfESL X & 217 > 7= (Figure 3-7-17),

Ciﬂ

\ <
cm\ \ =]

c(4) \ A

£(2)

Figure 3-7-17. $8{K 25-CO D7y 1-#E (FhnY)
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BUET X FEAZF121E Ru(1)-Ru(2), Ru(2)-Ru(3), Ru(3)-Ru(l) Ml 3 » FricBlll &S5 T 4 A
F— B — IS DA, Figure 3-7-17 TIZT 4 A A — X — DT EME L TV D, Tl 72k
ThH DD BRI TE RV, RUUNVER VT =7 AEEHONEIZ W TWD Z &
RBENTo, DVAR = VBN O ZBEEEERN BB S, IR A7 hLClE 1665 ecmt |2

ZJ§ [
B ST=,
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F1H #E
3i%fﬁﬁﬁbtﬁ%ia%%ﬁ#éiﬁ%msc4@éﬁﬁmméntoﬁmubt

WETIZ Eﬁ%fp éﬂfb\é%?’ﬁﬁ{di Eﬂubt ﬁ_ﬁf””Oﬁ%&ﬁ _ob\TuELTé
REZBBAATAHAERS TL LT, raraveirsaraX=y A hF 4077 ERam
LR TWD, ZAICHEN. LT-REFEZBRII 7 u 7= A F 4 ERRT 28N T
XL, K7V —Dvruara =y AT AU ORBBICONTRERT 5, B X g
ERENTORRNS, 7V —D vaufn&:?Aﬁ%ﬁymﬁﬂ R 3 A B BERE 1T
[C3(NMey)s][ClOs] Tix 1.363 A, ! [CsPhs][ClOs] Tix 1.373A TH Y, 2 BEHILITIRE - BIR L
AP BICFET D 2 ENHESN TS, BCNMR A7 KL T [CsH3][SbCls] k3 IHE+
121X JeH=265Hz &V 9O A UREETEBDBII S NG ZOAE UREEERD D Groves 5T
VI aTaR=y AT DRE—IKFREEETRT HHED s PE% 53% & RFEDH Y | EE
WORBELMIET DI & CTRIF_BROKRFE —KEHED sp IRKHIETEREND EHEL
TW5D, RFE—RFMAIL s PEDK 25% OHuE (spd BAKELE) OERVICL DA AF TR R
kpﬁﬁ®%&0_iéﬂ%ﬁf%%éhéﬁ@wmm%

H sp
[
| i | p
il
{ A 3
_ — sp
— N —.
(N A N e A
| - L/ T — |
I'\I B . !' ‘\,:“ o I|'I
ffy. T:II \‘- r/l:.‘.‘" ) k\.
—\ C1L—-x,-‘“1c fll-- -

Figure 4-1-1. > 7 araX=v AhF 4 Do 1THGE

SRESERICIENL LT RFE ZBRIT, 7Y -0y uaraRXau A F A L IIEERRKE L
BB, BREPLHDOWMEIZ X0 RE - REMES AT 16 A FTHEL, ¢ BT
RFEZBRPIEET 2FHEN S Ru A & IIRHMANS 45~55° FREEBk#a E23 5, BCNMR A~
7 KNIVTER ﬁgﬁf)ﬂ@}*,\@ X Jon=170~190 Hz O A ¥ U #EA TN BN S, sp {RALE X
Dt sp? IBAILEIZITWZ ENbond, By 7 b 7 n SX= UEEA T [RIRRIC IR E — IREREG D
e (1.40~1.45 A), 5 EHILOB LR (14~38%), RHFE —AKEBHED s EOIKTFAELE S

! Ku, A. T.; Sundaralingam, M. J. Am. Chem. Soc. 1972, 94, 1688-1692.

2 Sundaralingam, M.; Jensen, L. H. J. Am. Chem. Soc. 1966, 88, 198-204.

3 Breslow, R.; Groves, J. T. J. Am. Chem. Soc. 1970, 92, 984-987.

4 (a) Trakarnpruk, W.; Arif, A. M.; Ernst, R. D. Organometallics 1994, 13, 2423-2429. (b) Takao, T.; Inagaki, A.; Murotani,
E.; Imamura, T.; Suzuki, H. Organometallics 2003, 22, 1361-1363. (c) Takao, T.; Moriya, M.; Suzuki, H. Organometallics
2007, 26, 1349-1360.

5 (a) Chiang, T.; Kerber, R. C.; Kimball, S. D.; Lauher, J. W. Inorg. Chem. 1979, 18, 1687-1691. (b) Mealli, C.; Midollini,
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DD (Jon=232Hz), 8 =BSENIZ ERE REMITHR 6T, RE = BBRITHEEZEHACmENLT
% X0 ZEESERICHEBNL LTI ) Wt 52200 5 Z E b s,

FrtElE [{CpRu(u-H)}s(us-1°-CaH3)]* Z 7 AEERICHW T, =& i BICEAL L7 iRFE = BER
DOMEIZDONWTELZL TS (Figure 4-1-2), * HAH#LED MO 83 Tldk#kE —BEREZMKT 5 3
DDRFED EIBITFEAMEOHAERPHER S LD, Z OBE O A/EMAIX = il xh LI 72
BRIRFED p HUEOELVIZEDHZLDOTHY /7m7mm%w%u%kbf®@ ENDHDH Tk
%ﬂfﬁa“fis —F. BIRF—NT =0 ARG AR BB S, ITRFE=HEED 3
DDIRFBENRRE I N & L TOMEE %ﬁﬁﬁo L AR D, Ltﬂof >3 7N
NMLTERBZBRIZV 7 a7 aX=AE A& LTOWEE, 3 DO AR UEN & LToM
BOWEFEEZFEFRFOELEBEZIOND, BRBRFZDRSE —KBREEDAE UFEEEE (Jen = 170~190
Hz) AR E L TCOWEEZRTZELEE L, WENLLIZIRE - BRE2 6T 2 iR %E
U A BN BER LIRS,

HAIED MO 86 IZITkFE ZBEROMEAEMMAIERANGAET D, kB ZBROKE —IRHE
MBS 8% D C(spd)-C(sp®) FEAHEEEL » L R RDRNIE, & 2 TR L RE ZBRO K

EMMEEERICL S b D EEZLND,

(ayMO 86

Figure 4-1-2. [{CpRu(u-H)}s(us-17°-CaH3)]* DFFEAI 7253 FHlE

B 1 ETHRBLEZEIIC, INETICHESN TS N ADARUEHEOF T, AFY
CUBMETFEET A FF MR Y R AREIR 4-Cy DIIEERBRE SN TV S
(Scheme 4-1-1), “© 7 $&{K 4-C, TILMHIBNL L7z ikFE —BERSHZE L, PRI E LTEKRT 2L
FF T VIIGERNENE TH L EEZLNTWS, —F T, 85K 4-C4 o7 a oAb THART
5%/%?%7@%%5C4ﬁﬁﬁf%0\ﬁmﬁ CZ LW EDRERINTWSD, LR =/r
BN 2 AT DHE b U A ARUBEA 3-Cp OISR ZNE TITHE STV, £ 0O
Z 3 2Ok U FNBEAMNTZEESTLSZE /DT HENY XL 03K

S.; Moneti, S.; Sacconi, L. J. Organomet. Chem. 1981, 205, 273-279. (c) Drew, M. G. B.; Brisdon, B. J.; Day, A. J. Chem.
Soc., Dalton Trans. 1981, 1310-1316. (d) Churchill, M. R.; Fettinger, J. C. J. Am. Chem. Soc. 1984, 106, 3356-3357. (e)
Schrock, R. R.; Murdzek, J. S.; Freudenberger, J. H.; Churchill, M. R.; Ziller, J. W. Organometallics 1986, 5, 25-33. (f)
Hughes, R. P.;; Tucker, D. S.; Rheingold, A. L. Organometallics 1993, 12, 3069-3074.

6 Hughes, R. P.; Lambert, J. M. J.; Whitman, D. W.; Hubbard, J. L.; Henry, W. P.; Rheingold, A. L. Organometallics 1986, 5,
789-797.

7 (a) Moriya, M.; Takao, T.; Suzuki, H. Organometallics 2007, 26, 1650-1657. (b) Takao, T.; Moriya, M.; Suzuki, H
Organometallics 2008, 27, 1044-1054.
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{Cp*RU(-H)}s(us-7P-CHCRCR?) B¥E ST B, 2 h 5 b SHEIZZ LU - & SR &R
T3,

+

Me _|

H,0 7N
o

_H,,’ *Cp—RG—\— LRu—cCp*
\Ru%

N
(':/Cp
H

Scheme 4-1-1. $8{& 4-C4 DKL

INFTICRBEZEBRICTAIAEN 1 oFIFEAIATEEK 3-Cy 5-C4 BIW
[{Cp*Ru(u-H)}s(us-1°-C3"BuH2)][PFs] DG NS STV 5 (Figure 4-1-3), 4¢ 8 [RFE=BERD
iz ZBEZEBENL T2 FFD b U A D ARUEERTIX 3 DO T =0 AR REISHE O 5
AU, Ru-Ru MEEREISEI< 725, —J7. Ru-Ru FEAREL 2251 YIRE ZBERO C-C MIEHITE
7257, ZBEREBERMIZLY 3 DONAT =0 AFEFNEEICRE OO Z & T, R
FEBRAOWHEENRLS 2D B D, REFEZBERAOWHEENRLS 25128, RF-HB
BROBAANEEZLT D LB X, AETIIRFE “BROMIC = EZEEGENL -2 FRF2 N AL
ARUBER, FRIZEER 3-Cy, 5-Co DRUSHEICIER TS L & LT,

8| B, ELERSC, BUR RS (2000)
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Me H Me H * "By H +
C'ZES\:{CH \C;ZE.\“. _| \ .ZES:‘_:C _|
P*—Ru/—\\—//—\\ —Cp* CP*—RI{/—\\—//— —Cp* p*= |/’\KH7/\ lu—cp*
Ru / \Ru / u H
\//\Cp* L Ncpr Cp*
c C
o H
3-C, 5-C,
(Ru-Ru),,, 2.74 A 2.70 A 2.81 A
(Cring-Cring)av. 1.58 A 1.60 A 1.56 A

Figure 4-1-3. U AW L~ USEKDFE SR O ik

BE{R 3-Ca, 5-Cy4 DFUGHEIT ZAVE TITHE S TWRWAY, DFT FHHEIZE Y LUMO fHific
R = BBROKEATEOPUENEET S Z &b »nD (Figure 4-1-4), % Z T, Figure 4-1-4 [ZoR

L7ZBEICEFZEATHFEE LT, LUMO i ~DEFDOEBENEE 2R E21TH 2 &

& Lz, ARETIE, HRIIC X - TRFE=BRNAR L TE L 2 Z-EEREEZ W72/ F O
ML R 5, MEOZILITER T DRz BlZ L.

>3 NI S N 1] R VAL By el o e = B 9k
Tl IS EMESE & 70D T & 2R,

Figure 4-1-4. fR3E = BIRO S GO #LE
(72 @ B8%K 3-C4 @ LUMO+5:; £ : (K 5-C4 ® LUMO+2)
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E2H T/ AFAUERMN)ZRALRCBEBEDOILRE
T ) F AR 5-Co DEATHEBILARZ kv

E AT A NESER 5-C4 O THF 1 TOEI AT A~ 2 h L% Figure 4-2-1 (2" d, 85
K 5-Cq IZERAMEID O FIHESEEIE (<550 nm) £ T, MRIEWRINEZ RS> Z L NbhoTz,

4 \ 25000
35 10000 £00D
3 \ 35000 6000
a
I\ \ oo | L@ A®
25 4 \ \ -
i
= c w000 4
T ® © E 2000
i \ \ & 20000 0
' \ \ * 15000 350 400 450 500 550
1
10000
@\ N\,
03 — : 5000
W] |—|—|— T T T T u y ] T T T T T T T T
250 300 350 400 450 SO0 S50 600 650 250 300 350 400 450 500 S50 60D 650
A{nm) 2 (nm)

Figure 4-2-1. $&& 5-C4 OENAIHIRIL A~ kL (THF, 1t)
() 1.18 X105 M, (b) 1.18 X10* M, (c) 1.18 X10°* M

HEFPHN TIL A =272.5nm, 317.2 nm (2R 3812 S 4u, Lambert-Beer DOVEHNIZ XLV |
F AR T L NEI max = 3.85 X104 Mt em?, 1.57 X104 ML em?t L HH Sz, AW
s 1000 Memt L EDOWINA B D Z &G | I G A RER TH L Z Enbrol,
2B, JEBOSITHND 436 nm DEAROUREIL 6= 1.47X103M1em? TH o7,

T ) HFF SR 5-Ch ~D XIS

AR DY AW U, i 7B M A SS DS Z 5 Z L 2R L, 436 nm DR D%
RE L7z, WL LT THR, TR by, A =L EZHWER, EOREEZRAWZHA HEK
DRIFESR ZZTIREWHIF O T (Eq. 4-2-1),

Me H *
2O -
. // N . hv
RN /¢ ——— > Decomposed
\ // [Solvent]

i<

ﬁ/ Cp

Solvent : THF, acetone, methanol
5-C,4

(Eq. 4-2-1)

'H NMR A7 RV TAF Y O UEMLF OFRHE RS 7T AN S AR O 2 TS5 2 &

MWTEDH, THFE ZHWAT 6 FilE, 7' Tk 7 FEM B, A% 7 —/LCld 8 FJELL

LOEBPE LN, B KV GO DERMR R DT, WL DRISHEE TS &

EZ bbb, EERRETIIRGMEZ R S RWEER 5-C4 23, hEIREECIIOGEZ =T Z &30

Moz, LIBEOSER 5-Co OWIISTIE, EMOTEIEE V72 T 5720, THF ZEEE L TH
W,
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CO ¢ DR

RIS & OBMETR SOEDEITT 2720 OSPEDE CO FHHA TS (436 nm) 21TV, Jib
BN L > THE U TSRO 2R AT, LD H NMR A7 hLVERIELTZE Z A, ¥
T F T UV EEIR [(Cp*Ru)s(u-CO)(us-17: 17°: n-CHCMeCH) (us-CH)][PFs] (28-a) & E Lk D
[(CP*Ru)a(1-CO)(us- 17 173: 77--CMeCHCH) (u3-CH)][PFs] (28-b) D) 5 : 1 DIRAMMNER L Tz
(EQ. 4-2-2), HHHIC L > TAEU-ZEAER CIZ=8ENRA L, CO LMGTH I ET 2
HONNVKR=NAGEERPNELT LD EBZZBND, CO & DERHFITHN EET UL, 5K
28-a,b DLAHKI 5:1 LD T LITRF=BIERD C-C fiED I B, ATFAENEEEEL T
C-C fEAMBAALLT VI EHFERL TS,

Me + +
s 1 atm CO
AR hv (436 nm) ) N - ) N\ —Me
Cp*—~Ru—\—/—Ru—Cp* —>» Cp*-Ru- —Ru—Cp* + Cp*—Ru- —Ru—Cp*
NN\ // THF, 2h N\ % N\ %
I’Ru\ R/u\ Ru\
c * * *
C/ p C/ Cp c// Cp
H H H
5-C, 28-a 28-b
79% by NMR 16% by NMR
(Eq. 4-2-2)

PEIR 28-a XA TFAUME RN Y ADNARUEEEK 4-C4 & CO L DRISTHLNDAERM TH
% (Scheme 4-2-1), * $&(K 28-b I% 'HNMR M S8 ZHEE L7-, 85K 28-a 12 436 nm DM
FEIT-TH, $5K 28-b DAER LW L ZBIBHERLTCWD, PIHTFAHUMERY AH LR
PR 4-C4 & CO & DS TIIEEA 28-a NE—DLERME LTEONDLIDIZK L, £ hTF A
MR ZINR UK 5-C4 & CO & DR TIEA FVIDALE D E e 5 BAER 28-b A3
R L7z, ZOREFIE, 85K 5-C4 ~DONMU CTRFEZBEBRD C-C fEENHAT DB, A FLHE
ICBEE L7= C-C fEA & AT NVIRITHRE L T C-C FEA DM T ABHZ L, 2 FHOENE
FREAR 1,0 AR L TWD Z &R LTS (Scheme 4-2-2),

Me\ g _|2+ o Me _| +

:-:/:..S\:.‘ H
Va 7N\ 1 atm CO /
Cp*—Ru—\—/—Ru—Cp* — 3 Cp*-RuZ

H&Ru// HPFe xRu%
(l’/ \C p* //\C p*
H

4-C, 28-a

Scheme 4-2-1. $8{& 4-C4 & CO & DOt
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Ve H _| . o Me _l + o _l +
\ //C\\ co
AR hv (436 nm) ) \ N\ __me
Cp*—Ru—\—/—Ru—Cp* ——3 Cp*—RU- —Ru—Cp + Cp*—Ru- —Ru— P
§RU// § 4 §R/
I/\CP* / *
C [of C
H
5'C4
hv (436 nm)
\
Scheme 4-2-2. $51K 28-a, 28-b DA ikt
T UEST EORIG

CHFT AN RV AT ARGHE 4-Cy 1 TIERE LIS D EM T a R ALRETL, BB
FA MR U AT 5-Co BMEDIND, *° ZDTD, 5K 4-Cq & HENEIAL AR50
T DORISIXEIETITHET LW EBESN D, ZUCK L, & YU RENL &R 72 220 85(IK
5-Cs WA IIZN 7 v Ak & 3, EEMEOEWEEICH L THREA S LTOK
JeEE R T LD L SN D,

T =T FAK TR 5-Ca 1T 436 nm DAL A K LIz 2 A THEALT T ey
& v xR [(Cp*Ru)s(s-CH){us-N(H)C(H)C(Me)CH-}][PFs] (29-a) & # M (K @
[(Cp*Ru)3(u5-CH){3-N(H)C(Me)C(H)CH-}][PFs] (29-b) 155 47-, RFE ZBBRMBAL, 7TF
=7 ® N-H #E&0I, N-C fEaminBlEsni, R ETT =7 OiE%Z N-H 50
GIBNZ K27 X RENMFOIERITEZIZS L, @ T E=THROEFED N-C G TEAITIKE
THDHEMBIVTWVDA, 0 KIS TITHRIIZEY N-H 508 & N-C fEA TR S
MZHEIT LTz,

Me H _| + Me _| ' Me. _|

+

AL
\CEZ--}?{CH 1 atm NH; HN 7N\ ‘ HN 7N .
cp*_Rl{/_\_ Sku—cpr _hv(436 nm) Cp*—Rﬁ—\— Cru—cp* Cp*—Rt'.l—\— Cru—cp*
x / -H, \Ru% + \Ru%
Ru THF-dg, 3 h
N\ 8 \ \
|/ Ncp Cp* Cp*
VA A A
H H H
5-C4 29-a 29-b
62% by NMR 38% by NMR

9 Kanzelberger, M.; Zhang, X.; Emge, T. J.; Goldman, A. S.; Zhao, J.; Incarvito, C.; Hartwig, J. F. J. Am. Chem. Soc. 2003,
125, 13644-13645.
10 Klinkenberg, J. L.; Hartwig, J. F. Angew. Chem. Int. Ed. 2011, 50, 86-95.
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(Eq. 4-2-3)

—W IR E & DORUG L AR, KB ZBRVPHAEL TR S L TEEeE 1, J &7 E=

TNIGETHEEZBND (Scheme 4-2-3), N-H fE& OUIKHIHE < BiAKFEDHE, ETHID v 7V
VIUBRE D Z L TER 29 B LND,

Mo H _| . R, R4 _| +
A H,N
;C\{" hv (436 nm) R\ .
Cp*—Ru—\—/—Ru—Cp* —=——— | Cp*-RU Cp*-Ru —Ru—Cp*
&Ru\// IL\\RU\%
é/ p* \C// Cp*
H L H
5-C,
+ R, R, —| +
)
Cp*—RU—\——~~—Ru—Cp*

x 7
Ru

[ Ncpr
H i 29-b, J ; Ry = H, R, = Me
29

29-a,1; Ry=Me,R,=H

Scheme 4-2-3. $&{K 29 DA piikHE

PEIR 5-C4 & CO & DL TIXIEMAHHIA 1,3 25 511 OTERIND Z LRI E
A2y, S8R 5-C4 LT =T EORIETIETHE | ORI LHEIK 29-a &, PHIK J
MO S IVAEER 29-b DK 3:2 L7220 CO DLV HHEER I HROARRD D
R REL o7z, FHEMEA 1, J T N-H #GUIOREELT INRESERD LITB 2L,
AFNWVEEDSARKFE T Z OEFENEZGAT 5 Z & b L W o8, ARk L7285K 29-a, b Dz i
THILITTE TR, 7235, Figure 4-2-2 2R3 85K 29-a, b DEMEAR 29-¢ 1TATF I L
Cp* & ONARRFENPMOBEMEER L W & KREV, ZONRKIEIT L0 E5EA 29-c BNAEKRT @R
TEMEERERE S K& <720 $BIK 29-c IZAER LN EZZ TN D,

+

_|
HN 4 N —Me
Cp*—RiI—\—/—Ru—Cp*
x 7
I
C/ Cp*
H
29-c

Figure 4-2-2. #HE SN L 8H1K 29-a, b DEVEMR 29-c

IR 29-a LHEPOEEAETLIAXTV AT s u X F T R
[(Cp*Ru)3(z5-CH){13-OC(H)C(Me)CH-}][PFs] (30-a) (% 100 °C THIEAT 5 Z & TR FILFEDNLE
EL 7 D BAER [(Cp*Ru)s(us-CH){1-OC(H)C(Me)CH-}][PFe] (30-b) ~ & {42 & i &h
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T % (Scheme 4-2-4), 7 $&{K 29-a THIREEO ML E 5 2 L 2B L, 100 °C TOHIEA

AT T, BVMHGIIHERR TE o T,

Me + Me,

—

o N o N\
*Cp—RO—\——~—Ru—Cp* > *Cp—R(J—\— —Ru—
XRU% 100 °C XR”%
X, N
A A
H H
30-a 30-b

Scheme 4-2-4. $&1K 30-a O FEMEAL

THELTFr7ur 20 85K 29 OFE
SEK 29-a DLy TFHEYE

+

—

Cp*

BE(K 29-a-BPhy DT & N U IRIBICY T F N T —F LA R S8 5 2 L CE LN ABOREE
2 DT B X BREIE T 21T o 72, 1 851K 29-a D41 % Figure 4-2-3 1T, 70k

A - A% Table 4-2-1 (TR L7=,

Figure 4-2-3. $&{K 29-a D4y 7% (30% probability)

11 713 Rigaku R-AXIS RAPID [HI#f734#E % FiV T —130 °C T4T\>, Rigaku Process -AUTO program (2% > TF
— X M LT, R AR RICE L, ZERET P-1 #2) Tholz, fTICRBW T, SHELXT-2014/5 KX
SHELXL-2014/7 71 7T Ly r—U % AV, BEEICI OV LT =0 AR OFEEEZRE L, 7— U /AU X
STHELIFAZRFEIE LI, BMETFIS 1 9FD BPh 7=F4 RN EEN TV, SHELXL-2014/7 7w 2

7 L HOR/ANTIIEIC K 0EEL L, KRR 2 IEE L IEICRM LT,
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Table 4-2-1. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.6920(5) _ Ru(2)-Ru(3) 2.8435(5) _ Ru(3)-Ru(l) 2.7153(5)
Ru(1)-C(1) 2.053(4) Ru(2)-C(1) 1.995(4) Ru(3)-C(1) 1.968(4)
Ru(1)-N(1) 2.042(4) Ru(1)-C(4) 2.053(5) Ru(2)-N(1) 2.018(4)
Ru(2)-C(2) 2.208(5) Ru(3)-C(3) 2.254(5) Ru(3)-C(4) 2.069(5)
N(1)-C(2) 1.368(7) C(2)-C(3) 1.377(8) C(3)-C(4) 1.441(7)
C(3)-C(5) 1.521(7)

Ru(1)-Ru(2)-Ru(3) 58.673(12) Ru(2)-Ru(3)-Ru(l) 57.875(12) Ru(3)-Ru(1)-Ru(2) 63.452(12)

Ru(1)-N(1)-Ru(2) 83.05(14)  Ru(1)-C(4)-Ru(3) 82.39(18)  N(1)-Ru(1)-C(4)  76.68(19)

N(1)-Ru(2-C(2)  37.44(18) Ru(1)-N(1)-C(2)  112.1(3) N(1)-C(2-C(3) _ 115.6(5)

C(2-C(3)-C(4)  113.1(4) C(4)-C3)-C(5)  122.7(5) C(3)-C(4)-Ru(l)  111.8(4)

TrE=TIE 2 [BO N-H fEEOUMi AT Co L EEE L Rus I LT L7 rnm
RUF VT UK EEER L TS, C-N BoORAREIX 1.368(7)A THy ., HEEA (1L40A) LIt
RCHEL 2o TERY, ZHEEMEEZ L OZ LN LN LR o7, C(2)-C3), C(R)-CA) bENEN
1.377(8), 1.441(7) A T& Y. N(1),C(2),C(3),C(4) DM TD 7 BT DIEBEAIRESIND,

THNVTFHA T NERT DA AI T LEERDN Chen HIZ K> THE S TS (Figure
4-2-4), 2 Z DK A I T LEEAD 0s(2)-C(2), 0s(3)-C(2) 1ZTNFH 2512, 2326 A TH Y,
C(2)-C(3)-C(4) 17 U/ /L& LT Os(3) IZrmp-Ehr LTV 5, $5K 29-a @ Ru(2)-N(1), Ru(2)-C(2)
I% 2.018(4), 2.208(5) A. Ru(3)-C(3), Ru(3)-C(4) I% 2.254(5), 2.069(5) A TH V. N(1)-C2) &
C(3)-C(4) 1% m-EhrCThH -7,

C2\C3/
Me—N Me—/N1 \\(:4—Ph
(co), 2 / s

Figure 4-2-4. 7Y NLT WA I Va T 5 =4 A I U LEHEOHEE

g8k 29-a ® NMR X~<Z kv

IH NMR A7 MLV TT T FH A 7 IOVENLD A F 2 KFE L 68.22 ppm (d, Jun = 2.0 Hz)
& 54.94 ppm (dd, Jun = 2.0, 4.4 Hz) (28g2 S, AT U KEMIC Jun=20Hz O=EEH v 7V
VIBFET D, BHELEOKFEIL 5823 ppm [THEIA/RY 7l LTHIEIN, AF U KED
VITFNEDERVIZLY, PHEEEZRD D Z LT TERNoT,

$EIK 29-b ® NMR A2 kL

AT IKFEMN 68.05 ppm (d, Jun=4.2Hz) & 53.65ppm (dd, Jun = 1.4, 42 Hz) (B ST,
JH=42Hz DAY UEEERIL, VT A7V O F AT T T LTRYRET
HbH, T EREOKBICHKT 57 FITBILETE TORYY,

2. Adams, R. D.; Chen, G. Organometallics 1992, 11, 837-845.
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BB E RIEDRBRES

PEIR 5-Cq LT VE=T EDOMSTHOND LMD Z 0EET 5 2 LIZREETH 72720, Bk
AR ERG LTz, UHFA MR AR UGER 4-Cq T =T EDORIGEITV, BBFET
2 REEIKR [(Cp*Ru)s(u-NHa)(us-nt: 13 7--CHCMeCH) (us-CH)J[PFe]. (31) & $8{A 5-C4 RGBT
(Eq. 4-2-4), 7 =7 MK BICHEE SR, 7 e AL b T LTz, tho gAY
LEEIR 4-Co OFLT 8 M AL THONDILAWER U ThH o7z, $5K 31 OHEE R ISHEAE &
Scheme 4-2-5 |2/~

c/\‘ﬂ\" O\ . C/\C\I\-I
Cp*—Ru—\— —Ru—Cp* \ R 4 Cp*-RU \ /—Ru—Cp*
H&Ru\ \ \/ \Ru\/

é/ Cp* (,:/ Cp* é/ Cp*

H H H
a-Cc, 31 5-C,4
48% by NMR 29% by NMR
(Eq. 4-2-4)
H * |
Me
\ A 1
C7%----3CH
* // \\ *
Cp*—Ru—\—/—Ru—Cp ‘
YQ v g
H Ru
Nep*
(4/ Cp
4-c,
Me
H;3N _\ _|
NH; Cp*—Ru——— —\Ru—Cp*
> NN /
v
c/ cp C
H H
31

Scheme 4-2-5. &K 31 DRk

PR 31 D4y TFHEE
SR 31-BPhy OT7 & MU BIKIC Y mF N —F A RIS 2 TE N T e v s
W2 T, RS S X BMEEMIT 21T o7, B 885K 31 04y &% Figure 4-2-5 12, &

13 H7E 1L Rigaku R-AXIS RAPID [FI#13EE A IV T —130 °C T4TV>, Rigaku Process -AUTO program (2L > TF
— X AU LT, AT EANLRICE L, ZEREET P2uUn (#H14) ThoT-, MEHTICE W TiE, SHELXT-2014/5 K
O SHELXL-2014/7 70 7T L8y r—V % Fv, BEIEZ RV VT = ARFOEEZREL, 7— U THRK
WL o TR DIFKRBIRTFEZRE LT, MK TIC 2 57D BPh 7 =4 Lo =FLo—T 1 1 570
B ENTWIZ, SHELXL-2014/7 71 7T A& W/ HRIEIZ L L U IR R 72 FEEF PRI R LT,
Ru(l), Ru2 IZ#EE L7 Cp* BCIZT 4 AA—H —BHEET D70, T4 AF—F—DHFEERENENE 75: 25,
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AR - A% Table4-2-2 (2R LT=,

Figure 4-2-5. 81K 31 D431 (30% probability)

Table 4-2-2. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.6423(4)  Ru(2)-Ru(3) 2.7289(3) _ Ru(3)-Ru(l) 2.7103(4)
Ru(1)-N(1) 2.032(3) Ru(2)-N(1) 2.038(3) Ru(1)-C(4) 2.023(3)
Ru(2)-C(2) 2.022(3) Ru(3)-C(2) 2.149(3) Ru(3)-C(3) 2.249(3)
Ru(3)-C(4) 2.125(3) _ C(2)-C(3) 1.425(4) C(3)-C(4) 1.428(5)
C(3)-C(5) 1.516(5)

Ru(1)-Ru(2)-Ru(3) 60.58(1) Ru(2)-Ru(3)-Ru(l) 58.13(1) Ru(3)-Ru(1)-Ru(2) 61.29(1)

Ru(1)-N(1)-Ru(2) 80.96(12) Ru(2)-C(2)-C(3)  122.44(25) Ru(1)-C(4)-C(3)  1225(2)

C(2)-C(3)-C(4) 116.8(3) C(2)-C(3)-C(5) 120.1(3) C(4)-C(3)-C(5) 122.5(3)

HAAETHIZ 2 5370 BPhy 7T=F U BEEINTEY, VT4 HEEHATH D 2 & MR
Eh 72, Ru(1)-N(1), R(2)-N(1) iZZhEH 2.032(3),2.0383) A TH V., ZEET 2 FEANLF1E Rus
B 51.53° Bkt s o T,

R 3 L H B oM E AT DL HEMBEE N X VK
[(Cp*Ru)a(1-OH) (13- 71%: 12 -CHCMeCH) (13-CH)][PFe]2 (32) MSFABIC K » THE SN TS, 7
Ru-O MIHEEEIL K 204 A THY | Z8EE Fux VEA 71X Rus “FE2 5 49.38° Bkl k2
STV, AT =T LEK DL TFT UM bEGEMITEY . 2867 X Fisk 31
OB Ru Sk VA 32 IMEN LSBTV,

PEIR 4-Cy 1TKESUS L, B8k 3l-a LHABOMIELZ AT L2088 EE Fu ¥ VK 32-a 3155
nNo, TEl, ZTOKGETHELNAZEMBE Re X VERIIT=F AT I LT 1 hove
Eh, A 29-a LHELOREEEH T DR 30-a AAFHID (Scheme 4-2-6), #H{A 30-a &7
FeAbd 52 & TR 32 BNEAT D Z & biERIN TV D,

58:42 & L, Cp*Ru 77 7 A h&EMAIA L A2 L TR TOBMEENZAMNGHEM R A &I/ 5 X D restrain 2 2>F
%2 & TS R R b LT,
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2+ Me +
] o
-H* /0 / \ 4
* o _wm Cp*—RO—\—~/—Ru—Cp*
= x\ 77
Ru
c,:/\cp*
H H
32 30-a

Scheme 4-2-6. i7" 1 h AL K A4V LT F o7 aXH o UEE RO

SEIR 3L IE T =T RVZTFAT I TR e AT A EIXTE RS, KD FRy
HHTHAF RUTARA RSV RICESTH T a2 oAb T 5 2 LR Tx, 88K 29-a BNELILT
(Eq. 4-2-5),

Me +
_|
)
Cp*—Rﬂ—\— —Ru—Cp*
XR/
4/\Cp*
H
29-a

43% by NMR
(Eq. 4-2-5)
TR ETOBEKEA R FENLFETIAAF L E DB v T T USRI BT & o T &
N T2 (Scheme 4-2-7), ¥ BOBEEZRNLT VY E=T OREEE N-C fEANEE D611
Oro HIZE > THESNTWDD (Scheme 4-2-8), ° $EA L TOT =T HEDERFFD
N-C FEETERUCEE T 2 BT 720,

‘Bu
l!l Cp\R . /Cp
C PhCCPh | NG I u
Cp*—RU=—————=—Ru—Cp* 4 COZ N
\ / -‘BuNC Ph \C/ NpPh
N |
||=h Ph

H HH H‘N~H F.
H-N N\,l
A I F F
Ir.
NH, LN F PEt,
[{Ir(z-OMe)(tfbb)};] —— ) —
- MeOH F ‘.. —PEts
F F Ir\
| “PEt,
PEt;
F|F
F tfbb = tetrafluorobenzobarrelene

14 Takemoto, S.; Kobayashi, T.; Matsuzaka, H. J. Am. Chem. Soc. 2004, 126, 10802-10803.
15 (a) Mena, |.; Casado Miguel, A.; Garcia-Orduiia, P.; Polo, V.; Lahoz Fernando, J.; Fazal, A.; Oro Luis, A. Angew. Chem.
Int. Ed. 2011, 50, 11735-11738. (b) Mena, I.; Casado Miguel, A.; Polo, V.; Garcia-Ordufia, P.; Lahoz Fernando, J.; Oro Luis,
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Scheme 4-2-8. 7 E=7 D[EE & N-C fEETERKDH]

AR O EIE =BG A T VR 7 LT =7 L OIS LY =BG A I RIS
{Cp*Ru(u-H)}s(uzs-NH) 2NERE L $5A LT =7 Z@ET 5 Z LTI L TWA, 8 UL,
SHEAEA X REEIR & REEFIRALKTFE & OSUGTIEA 2 REANL T & SCHIN RAE K B EAL 103
R S 4L, N-C FEETRITBIE STV RN Y —F ) W T4 MR U A DR UEER 5-Cy
LT UEET EDOSB I UG E P VEiK 32 LA L OIS TIIAESIC N-C fiETEK
NEEDHZ LN, Rus P DR TN RAWKFERNLF & 7 o E=T HROBRMFZ2 EFSE5
ZENREETHDLEBEZLND,

E3H BHEFIRDILRVEBERORRE

HPESEIR 3-C4 @ THF HICOSES [N A7 ~ L% Figure 4-3-1 (29, $E5MEIED B
AR (~580 nm) E THEAWWRINAFF S, 85K 5-C4 KV £ 30 nm RWER DL 2 I
THZENDI T,

30000

. \
\ \ 25000 5000 L
3 AD00
25 \ \ - 20000 ¥ %—————— 3000 \ —
— \ \_,./\ © 7 _ v\ ®
= 2 Y 15000 —Fp—m —
of 1 1 1000
) \ s ™
15 = @ 0 \
\ \ 10000 —Yg 3/0 400 450 500 550 —
1
(a) \ \ 5000
0.5
0 b —— . —— ; 0 .
250 30 30 400 480 500 580 600 650 250 300 350 400 450 500 550 600 6AQ
A{nm) A{nm)

Figure 4-3-1. $&(K 3-C4 DEESFAIHHIIN A7 KL (THF 1t)
(a) 1.30X 10 M, (b) 1.30 X 10 M, (c) 1.30X 103 M

HIEFPHN TIL A= 258.1, 2715, 304.3, 451.3 nm (W HE K 238152 &4, Lambert-Beer i%HIIC
X0, ZNDOFNNFARENTZNEIL gnax = 2.39 X 104, 1.89 X 104, 1.34 X 10%, 1.79 X 10° Mt cm?
ER SN, FEYEEETTH D 451.3 nm I B WRIR K S FFAE LTz, EAWOEARES 1000 M+t
cmt BLEDOWIND & D Z b, AIHEHEROHERER TH L Z Lol ek, KRG
WZHWD 436 nm DOEAWEAREIT £=1.60X103M1em?t TH -7,

HPESER 3-Co ~DERE

ARRSEREIR DY 2 WIN T 5 Z & AR S 7272, 436 nm DOYEIRET 21T 5 7=, THFE F1 TR
WEATST8BE, T hFF MY ADARGEER 5-C, DL X LFEME, REEHEEDRS
WiELNT- (EQ. 4-3-1), H NMR 222 FLZEIF % Cp* kD 7 Fans, 4 L ED
BEADAER L TS EBZBND, NUB U TORBHICOWTIEHZIRT 5, $5K 3-C4 O

A. Angew. Chem. Int. Ed. 2014, 53, 9627-9631.
16 Nakajima, Y.; Kameo, H.; Suzuki, H. Angew. Chem. Int. Ed. 2006, 45, 950-952.

VOREAT By, LR SC, HUR LHERT (2002)
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FEMEDMENTZ 8. LOVEEIZ SWTIFREF L TR NS O D PSR 3-Cs b hERIREE TIIX
ISMEE R 2 E R T,

Me (l':l
7 X,
/CC\'\'I hv (436 nm)
Cp*-RU\—/—Ru—Cp* — 3 Decomposed
%Q /// THF, rt P
u
(!/ “cp
o
3-C,

(Eq. 4-3-1)
CO ¢ DR
BEfR 5-Cq D L X L[FIEE, THF 1 CO FRHK TESA 3-Cs OIS ATV, I /LR = VBT
F& 2 OFTHUNTFT U AEER  (Cp*Ru)s(1-CO)(u3-CO)(us-nt: 1% 1t-CHCMeCH) (33-a) &
FMAR D (Cp*Ru)s(1-CO)(us-CO)(us-1t:12:17--CMeCHCH)  (33-b) 7345 b7z (Eq. 4-3-2), #H{K
5-C4 & CO & DG E A, RFBEFHD L LT HMEAR 33-b DHARELS o7,

Me
Me\ (H: 0
/C/\C\H co \
\ / ~
Cp*~RU—\—/—Ru—cCp* hv(436 nm) cp+_g{; —Ru—Cp*
" \\/// i thf, 3 h " N\ % "o+
Ru\ ’ R/u\ R/u\
* c * c *
C/ C/ p C/ p
o 0 o
3-C, 33-a 33-b
72% by NMR 28% by NMR

(Eq. 4-3-2)

PER 5-Cq DL X LTRIBE, AT NHEOMENEZRD 2 FHOEKRB SN, TAITHT

Lrva~w b TT7 40— HOTHEEEZITS 2 & T, MR 98% DR 33-a BNELT-, ME

N 98% DS 33-a 12 436 nm DRI EITo7=73, $EA 33-b IFAER LI o7, ZOFER

IEER 5-Ca D& X L[RIER, S5 3-Co OXBRHIC LY 2 FEEOIEMEZ2 FRIAE K L B4EKLT 25
Z L EIRIE LTS (Scheme 4-3-1),

w

O
N
A
r

Scheme 4-3-1. $5{& 3-Cs OYERREHIZ L A FhidfE D A pk

$Efk 33-a DTFHEE (TiEH)
TR R TIXd 203, Hifbdh X #EEMIT 217> 72 (Figure 4-3-2),
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= TN
A = ‘3
() A
Ru(1#) N/
o Y
\J
& o(1)

Figure 4-3-2. $&1K 33-a Oy 1H#E1E (TIHHY)

TG E CH A DM ERII X2V, REBZEBBROBZUC L AL TFTFT U LVE
DR & ZERE T VIR = VBN DIF R HEiR T H Z L N T& T,

R8O

NP OEHE 3-Cy TR 21T 9 & SR Rl B g A SN EERNE 1-7 =
=)L 2-7 F IR (Cp*Ru)s(us-CO)(us-177:17(L)-PhCHCCMe)(u-H) (34) & 7 L = L g (K
(Cp*Ru)s(13-CO)(us-1%: 17-PhCHCCMe) (u-H)2 (35) O FHHRAW N RN LT (Eq. 4-3-3),
RFEZBBRPAME L, FERPEMOMISEAIN TN D, HEERZ B L L CHW =B
WCKDEHET VD Fa7 U —/Ab T, SIEERMORIAEZP S Z LIZR#ETH D Z &2
HHNTWS, 8 —J5 K 3-C, L_UB U L DORIGTIE, RSN D RALKERNL A7 B4
ROERM TG BT,

Ph

Me H Ph
\ c Me ( /
S N\, Me
7 Nch % Ne=C=H
cor—rE [NRu—cp+  hv (436 nm) 3 R
p —Ru u—=_Lp — 3 Cp*-RU\—|[—Ru—Cp* —=—— Cp*-RU; Ru—Cp*
Ru CGHG’ rt, 10 h RU/H H Ru
//\c * X 2 N,
e |/ cp |/ cpr
5 C c
o o
3-C, 34 35
69% by NMR 31% by NMR

(Eq. 4-3-3)

ST % OSSR 34 L %K 35 DL 69 : 31 ThoT-78, IWIRIREETIZ 2 H%IZ 85 :
15 L72o7, Valle H538E L TWAT L =L KD KEIIT XL 2 FATENITL T L% &R DA
ClE, RS T 46 BEEATH D EERNII T LR AN ER L WD EEZLND

18 (a) Bair, J. S.; Schramm, Y.; Sergeev, A. G; Clot, E.; Eisenstein, O.; Hartwig, J. F. J. Am. Chem. Soc. 2014, 136,
13098-13101. (b) Webster-Gardiner, M. S.; Chen, J.; Vaughan, B. A.; McKeown, B. A.; Schinski, W.; Gunnoe, T. B. J. Am.
Chem. Soc. 2017, 139, 5474-5480.
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(Scheme 4-3-2), ° F7=. FIEAFZEEO/NEITERIRFEEENA T VX AN ERIR T L = LK
ICEMISND Z LA RELTND, 20 207w, §EK 34 L5 35 D> SST LB =7z
Mol T O O(LFREITER T T EREIC S D LB DD,

Me
Me\ H, c/ I\,II e
/CQ _
HT TR Me T
(c0)3T’u /7Ru(c0)3 (C0)3Ru—\— /‘Ru(c0)3 Hz (CO);Ri
H \Ru \Ru

(CO)3 L (CO)3 .
48e 46e 48e

Scheme 4-3-2. 7 L = VA D KT X 2 SEATEANAL 7 L 20 L SR DR

PEIR 3-C4 & CO L DIJSTIE, IKFEHM DT DA K &, EHHICRTHIIE L 23
FRLTWD ERBEEILD, 5K 3-C4 & B L DRISETIER, AERPDORBHNES L 72> T
WAHTZD, A L OIS EITL TS EEX B D (Scheme 4-3-3), Ak & L CikHAE
BN DREE NG SN o 2B IR, PR K IZEOVT 7 U VERRLD 2 AL A T
JVIEDMFAE L, Scheme 4-3-3 IZ/R L7e7 L=/ LHIRIE M ICHYS T 2 EEEZ BT 22 &0 T
XRUNSTEEEZ NS, FORE. NP OBLAITINAE X CHREREZBR TX
T WIS RV SR 3-Cy AT D,

hv
(436 nm)

Me\c;_:f.?x‘-:cH /
Cps«_Ru/—\_/_\\Ru_cwk
74

c//\Cp* hv K

6 (436 nm)

3Cy \\

L
Ph
Me\ Ph "
e
_—C— Me _c Na
i /'\c\\c/H \,C//C/‘\ “H /i/c\\
p*—RU ——Ru—Cp* Cp*—Ru=— —\Ru—Cp* w CP*—RU—\— ——Ru—Cp*
\\ /% 3 \ // - \’ / \
H /LH
MR HF\ Ruy RiZ
P/ cp* |/ cpr [/ ~cp
Cc C C
o o
M 35 34

Scheme 4-3-3. &K 34,35 DAk

19 Castiglioni, M.; Milone, L.; Osella, D.; Vaglio, G. A.; Valle, M. Inorg. Chem. 1976, 15, 394-396.
2 NG FE, BRI B LIRS (2014)
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e N U AR UBER 3-Cy 1TE DT AN N U AR UBER 5-Cq LIRIEE, JEHREHT
F o TRFZZBEDRAL TR ET L, WEIZX > TIRFEZERBKOVLTFT
VLB EFRE DT v 7 ) U IR E T2, ZDZ Eid. b U RADIVARUBERD NG DNy 1D
EHALICR L CAEITHD Z 2R LTS,

SR DRIE
$EIK 34 O NMR A~7 kv

AFLLDUT AT LA M w7 kFE I IHNMR A7 LT §2.83 ppm (d, Jun = 144
Hz) & 63.12 ppm (d, Jnun = 14.4 Hz) IZ@BIE2 S 40, IRFE I BCNMR A7 ~/L T §36.8 ppm (dd,
Jon =126 Hz) (ZBIZE S iz, BCNMR A7 RV T, a7 NEO T ¥ 2 RFEIX 690.4(s)
2y MO T VR U pRFEIEL §205.1(s) IZBIZL S A, Table 3-7-14 (/R L72AMIBO 7L % 2 R FE &
WHESD T V3  fRFBDALF T 7 R OZFEEH 100 ~ 120 ppm (27225 & W A & —FK LT,

SR 34 DITHEE (TiERY)
TAERORFE R ClId D08, HfEs X BAEEMIT 217> 7= (Figure 4-3-3),

c(8)

Figure 4-3-3. $&1K 34 Oy 1T#E1E (TIHHY)

TR 7 T AT DI &3 T T2V, JRECBENEZIL TRUB USRI
BAINTWDZ L a2ERTE D, DR VENFOMFERENL IR A2 LT 1665 cm?
BRSNS, ZEYERNITHD Z L 2R L TWD,

FA4H FIRANARUBEORFR=ZERORARICET HER

FPE R U AT ARUEER 3-Ca & BT A LNE Y ATV UEER 5-Co 1T EH B IR
IR VRFEZEBRMPHEAE L, K2 RT X OICRo7, RFEBRORZICET2HREZES
72, $BIK 3-C4 L8E(K 5-C4 @ TD-DFT FHEIC K 28I AN AR R VDl g & AT,
BREENREICIE oBI7TXD % V>, JEEREICIE 15-CO, 1s-CH, us-13-CsMeH,: 6-311G(2d,p), other
C, H: 6-31G(d), Ru: SDD #£:H L7-,
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SRR 3-Cy DI THRBINA~S M v

TD-DFT FHREIC K DI AT HRIN AR FA DY 2 b— 2 ATE A BDEREIR I B — 27 23
TEE L, MER R 2 X < B LTz (Figure 4-4-1), ¥ 2 = L—3 = o CalfREREENIC 45
7258 TCHIN D 399.10 nm DWIN DI H A Table 4-4-1 1Z7R7,

UV-Vis Spectrum 30000
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Figure 4-4-1. 81K 3-C4 DS AT A~ 2 L
(fe 1 vRab—Yar ;& THF FCOFEHRE, (a) 1.30 X10° M, (b) 1.30X 10 M, =i, F8)

Table 4-4-1. $&{A& 3-C4 @ 399.10 nm DI
Wave length (nm)  Oscillator strength (f) Transitions Weight
HOMO-7 - LUMO+5  0.24
HOMO-6 - LUMO+5  0.12
HOMO - LUMO+4 0.18
HOMO - LUMO+5  0.53

HOMO-7 (MO#151) ; HOMO-6 (MO#152) ; HOMO (MO#158)
LUMO+4 (MO#163); LUMO+5 (MO#164)

399.10 0.0076

BE(R 3-C4 @ 399.10 nm DR TOhE TIEFIZ HOMO (MO#158) 75 LUMO+5 (MO#164)
~OEBDN BRI TH L Z ERbhole, ZILbD sy fHE% Figure 4-4-2 [T L7, $£72,
DEBIZE L TH LUMO+5 (MO#164) ~DERITIHIE S LD b DB KEBS Th > 72, HOMO
(MO#158) 13k%E — BB ZELT 2HETH Y, LUMO+5 (MO#164) 1Tik%E —BEROKFEEME
DEETH D, D7, LUMO+5 (MO#164) I[CETFNFIEEEND Z & T, RE=BBD C-C 4
DFEGWREIMRT T2, Z OFHRFERIT. $EK 3-Cy 12X 2D 436 nm DR OIS LV R
FEBBRDHAET DRISHERE FFL TV D,
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MO#158 (HOMO) MO#164 (LUMO+5)
(Iso value 0.02, top view) (Iso value 0.02, top view)
°

Figure 4-4-2. $&%{& 3-C4 ® HOMO £ X' LUMO+5

BEIE 5-Cy DFEAFHRBIN AT F L

TD-DFT FHEIZ L AN AEHRIN AR MDY 2 bL—3 3 EERE R 2 L <
L T /= (Figure 4-4-3), 296.71 nm OFRVILINIE, 5K 3-C4 TBIE INT-RFE —BROKES
PELGE & FEEL U 72 20 FB0E ~ OB BRI Th 5 Z & 3o 7o (Table 4-4-2),

16,000 —
14,000 :
12,000 :
10,000 :
W E,OOO:
6,000 :
4,000 :

2,000 —

UV-Vis Spectrum

012 45000
40000 8000
0.1
35000 000
(a) (b)
Loce§ 30000 H————————— a0
= 1
L i T—
006 7
2 §, 20000 0
s " 15000 350 400 450 500 550
004 %
= 10000
. 5000
0 T T T ; T 7 : ]
| IIJ s s ; | [ L 250 300 350 400 450 500 550 600 650
: . T ——
400 A (nm)

300
Wavelength (nm)

Figure 4-4-3. $&{K 5-C4 DRI AR ALY KL

(£ 1 ¥I=2b—ar ;i THF I TOHERANE, (a) 1.18 X10° M, (b) 1.18 X104 M, =i, F8)
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Table 4-4-2. ${A& 5-C4 @ 296.71 nm DWW
Wave length (nm)  Oscillator strength (f) Transitions Weight

HOMO-9 - LUMO+2 0.11
HOMO-6 - LUMO+2 0.15
HOMO-5 — LUMO 0.16
HOMO-5 — LUMO+5 0.10
HOMO-5 — LUMO+6 0.13
296.71 0.1012 HOMO-3 — LUMO+1 0.16
HOMO-3 - LUMO+2 0.25
HOMO-2 - LUMO 0.16
HOMO-1 - LUMO+1 0.20
HOMO-1 - LUMO+2 0.25
HOMO — LUMO 0.19

HOMO-9 (MO#145) ; HOMO—6 (MO#148) ; HOMO-5 (MO#149) ; HOMO—-4 (MO#150) ; HOMO-3 (
MO#151) ; HOMO-2 (MO#152) ; HOMO-1 (MO#153) ; HOMO (MO#154) ; LUMO (MO#155) ;
LUMO+1 (MO#156) ; LUMO+2 (MO#157) ; LUMO+5 (MO#160) : LUMO+6 (MO#161)

$EIR 5-C4 @ 296.71 nm DK TOMRE TIXEIZ HOMO-3 (MO#151) 75 LUMO+2
(MO#157), 3 LT HOMO-1 (MO#153) 75 LUMO+2 (MO#157) ~DEBEB N XA THDH Z &
Nbohotl—, ZhbD4FELE% Figure 4-4-4 (27~ L7, HOMO-3 (MO#151) & HOMO-I1
(MO#153) 1TfRF —BERDO S FHEDO T EN/NS S AT =T A0 d BuED A 503K E 7257 1l
B TH -T2, LUMO+2 (MO#157) 385K 3-Cs THIZZ S 72 LUMO+5 O#lIE & L < Bz, [RF%E
CEBROKEAMTIE ThoT=, TD7-H, LUMO+2 (MO#157) ~DEBITIE B b R#E=
BRANDEBLEZDZENTE, ZOBRBIZL > TRF_BRMPHEET S LTRSS,

MO#151 (HOMO-3) MO#153 (HOMO-1) MO#157 (LUMO+2)
(Iso value 0.02, top view) (Iso value 0.02, top view) (Iso value 0.02, top view)

Figure 4-4-4. $&%4& 5-C4 © HOMO-3, HOMO-1, LUMO+2
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ESsH hiE M) RDIRVEEEDIEEREDRSE

N U R T NARUBEIR 3-Cq, 5-Co TR LV E WIS Z R T Z E B LN 57203, B
U Z AN EHARDEBNEIETF D72 < pFEWBOS & UTHRIAT 2729DIZIE R U 2
VEEMADOBRICET 2 AN KLETH D, U ABARUEHROFTH, it N Y R ARG
& 3 (2B DR HMITER D7, B8 3-Cy X [RUCP*Cl]s & 3-A F/L-2-7FF— /L & DR
THOLNDZ &N Emst HIZX-> THESINTWS2Y (Scheme 4-5-1), 4 3-2 F)L-2-7F F— )L
PSDOT VT e RERWD & ZESERIIE DN E b LN o TS, & 3 BETIEHY
2T F Y DR 14 OIMBUC LD HFPE R Y R UK 3-Ch BAERT A L AR LT
W5 (EQ. 3-5-1), BUGHEREIZBI T 2B HIT D72, £ 2T, REITE U AIARUEHED S
FACRE T 28 A5 720, 5K 3-Cy ORLRAMRIEORREEIT- T,

Me\ (I;I;

N

Cs%---3:CH 12
Base v o/ N\ R ‘
[Ru(CsMes)Cl], + N, — PRI T/ B 4 Ru

TN e
1 Ncpr
C/ Cp
o
3'C4
30% 42%

Scheme 4-5-1. Ernst 512 K 588K 3-C4 DA (F548)

77 = ) F R 11-Cy AW ARIEDOKRT

%3 ETIIE ATV DR 14 OMBATEANL MO » 70 > FBRET L, HE R U R
TS BER 3-Cq DVERT 5 2 L 2 WE Lo, 88K 3-Cs OB E WV IBLETIE, &b Cy
DIRALKFBENL N O RF ZBREZERT 2 N EAHNTHS, £ 2T, FET T =1 57 48K
11-C4 OB X D 85K 3-Cq DA AR LT, #8518 11-C4 2 120°C TENT 52 & CTHIW
DILAEW 3-Co &, RIFEF TN 1 o0l o=tk bYU 200 ghik
(Cp*Ru)s(u5-CO)(us-1°-CaHz) (3-Cs) MAEM LTz, FAEMMIIRFI T2 1 27 7o T gliR
3-C3 Tholl, BAZF U VUK 14 ZHWEE X X0 LK ETORE =ZBEROEEN
HERLTLRDZ ENbI T,

0
H
/ N ey € ¢
Cp*-Ru IRu—cp* \c;’f/:-~§?-:CH HCZ-—S5cH
Ru/ p-xylene, 120 °C, 5d Cp*_Ru/_\_/_\\Ru_cP* * CP*_RU/_\_ _\\RU_CP*
N epr ’ , &R u// &RU//
/ | Nep c// “cpr
H Et o o
11-C, 3-C, 3-C,4
26% by NMR 60% by NMR

(Eq. 4-5-1)
IH NMR A7 hLT §0.20 ppm ([ZBINT=v T uinG, AXZ U OEKREHERL TS, B
K 3-Cy 1IWIAKTE, S5 3-Cs 1IWEA ¥ 2 2R THART D, S5 3-Cs, 3-Cs D ERT 2 MG
ZHEE L7z (Scheme 4-5-2), SURITE =/LHEIA N OARZRTETTHEEXLNLMNB, Z
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DE=/LHEA N T C-H #iaOUIBANES SALEIC LY, 2 FEHORMER O, P M MEbhd,
2D 2 FEORMEMER OP NOENEIUNA Z o BAKFENPEITT D Z & T 8K 3-Cs, 3-Cs 3
BohdLEALND,

INE.

/H\\ u
Cp*—RL\l\\ /—Ru—cp* _ oc/ /Ru\ e
N4 | %\< o %:{ —
:/(/\Cp* Ru—\l“\luH RJ \\R H
X XA
H Et

Ru | Ru ] = N
/ — / N > > C *—Ruy—\ Sku—cp
y/\/‘:& i ?/\/ ‘O\T "CH, N io\Ru p §RU//* p
XKTH

Ru=— Ru Ru=— Ru \C
Ry X ¢
Me H Me H (o]
- N - - o - 3-Cy
B ] B ] Me, H
AR .75

| cp

[
o

Ru
/ \H > é\ ) Cp*—Ru/—\—/—\\Ru—Cp*
o ?,\/lo\ e l{;_ lo\Ru xRu\//*
XA

P 3-C,

Scheme 4-5-2. $&{A& 3-Ca, 3-Cs DI HEAE

$EK 3-C3 DRHIREHRR

P77 =V 7 U8R 11-Cy DIMEATEER 3-Cs, 3-Cs MFHNDLZ LD, T r =Y
T UBER 11-Cs OBV X 0 $5K 3-Cs ZIBIRICAKTE S LTSNS, 22T, HiE7'm
NR=U T UK 11-Cs OINEVE FRFT Lo R, 85K 3-Cs ZiBIRMICA KT 2 Z LTk L7z
(Eq. 4-5-2),

H
AN
D74 > § v
\\ Ru 'H2 Ru
;/X/\Cp* p-xylene, 140 °C, 1 d c// “cpr
)

11-C, 3-C;
9% as orange crystal
(Eq. 4-5-2)
R U RN EEER 3-Cs DRE
$EfR 3-Cs DAy FHEIE
BER 3-C3 DT Y Ui A -30°C THFHE T 2 2 & TH DAV AR ARG i 2 IV T L B
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X BRHEIEMRAT 21T o 72, 2 851K 3-Cs D4y H& % Figure 4-5-1 12, ERFEAE -5 A% Table
4-5-1 ({Zx L7z,

Figure 4-5-1. 81K 3-Cs D4yFH#iE (30% probability)

Table 4-5-1. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.7313(4) _ Ru(2)-Ru(3) 2.7322(4) _ Ru(3)-Ru(l) 2.7337(4)
Ru(1)-C(1) 2.124(4) Ru(2)-C(1) 2.124(3) Ru(3)-C(1) 2.123(3)
Ru(1)-C(2) 2.054(4) Ru(1)-C(4) 2.062(4) Ru(2)-C(2) 2.047(4)
Ru(2)-C(3) 2.056(4) Ru(3)-C(3) 2.052(4) Ru(3)-C(4) 2.049(4)
C(1)-0(1) 1206(4)  C(2)-C(d) 1.584(5) C(2)-C(4) 1.593(5)
C(3)-C(4) 1.579(5)

Ru(1)-Ru(2)-Ru(3) 60.05(1) Ru(2)-Ru(3)-Ru(l) 59.96(1) Ru(3)-Ru(l)-Ru(2) 59.99(1)

Ru(1)-C(2)-Ru(2) 8351(14) Ru(2)-C(3-Ru(3) 83.37(14)  Ru(3)-C(4)-Ru(l) 83.36(15)

C(2)-Ru(1)-C(4)  4555(14)  C(2)-Ru(2)-C(3)  4542(14)  C(3)-Ru(3)-C(4)  45.28(15)

C(3-C2)-C(4) _ 59.6(2) C(2-C3)-C(4) _ 60.5(2) C(2-C#)-C(3) _ 59.9(2)

$EIK 3-C3 DIRFE=EFRD C-C MIEREIL Y 159A THY 8K 3-Cy DRFE=ZEBR®D C-C
MIEEE (CEY 158A) LIZEAEEDLLRNoT-, REZEBROKREE VT =0 LB OHEEITE
¥ 205A THY., 2B LK 3-Cs DY) 206 A LI ALEDLLRNoT,

$EIK 3-C3 @ NMR A~XZ hjL

'H NMR A7 MV TRFEZBEROAFT U AKFEOT 7 FLiE §6.00 ppm I[ZBIE S, BC
NMR Z~7 MLV TRFZEZBERORFEO L 7 E §133.2 ppm (d, Jen = 176 Hz) (2B Sz,
AT UIKRFEDLFE T 7 MISER 3-Cs DATF U IKFEDOILFET 7 b (55.95 ppm) EIFEAEED

21 HIE 1L Rigaku R-AXIS RAPID [A[#fr#{& % U T —150 °C TAFV>. Rigaku Process -AUTO program (2 & > TF
— X EALBE U7, R EANRRICE L. ZERERET P-1 (#2) Th o7z, TSV TIX. SHELXT-2014/5 KO
SHELXL-2016/6 7' v 2'Z AXw r—U % v, BEHHEIC IV VT =0 ARTOEEEARE L, 7— VY T&/RIC &
> THE D IEKFIR T2 IE LIz, SHELXL-2016/6 7' 1 7' L% Wi/ IRIEIC K 0 E#EL L, FEKER T % IE
SFMEICIERY L72, Ru(l), Ru(2), Ru(3) &isd L7z Cp* BiCT 4 A4 —F —RFEMET LD, T4 AL —F—D
HAEREZZINEI 51:49,60:40,51:49 L L, Cp* 7T 7 A v MERAURE A7 L TR ORIEEN 72 [ 03 A 21
MREEICRD LD restrain T D Z & TG &AL LT,

118



B A4E REZBREPATHIMAT=ULT TAL—OERE SERGHE

Bleholz, R#E ZBRORFEDILFE Y 7 MIEEHE 3-Cs OfE (51443 (s), 142.3 ppm d, Je_n = 177
Hz) L0 & @GBS SN, A UEEEROEIZIZEA EED LT,

77 =) F U8k 11-Co 7 u b Ak

BEIR 11-Cs 2 DEEIR 3-Cs MAERKT HiBFETIX C-C %*A%@JU?LT% & U EET 5 (
Scheme 4-5-2), B2 AT HRFEBREEHKT H720I121E, C-C FAUIWB LA X Dl
BEZ T 20BN B D, A X UBIBET D & X ﬁ%ﬁiiwt KU REANL 72 MLE LT D08, 6
K 11-C4 ITE /B RY REHATH D05, Ik RU RBRL RoTWiUE, A ¥ & LTOM
Bl cEx s LB LN,

b U REEARIT T e hAbIiZ L » THAKEMEEES NS Z EN XL HMBN TS, 2 Oro E
£/ b RY REEROT B i ARIC L o THKEDETT 2612 HE5 L T2 (Scheme 4-5-3),
PEIR 11-C4 TH 7 1 b ARICHE BAKBRETTIUZE R Y R FMFE LR R D72 A
2 DOMEEHIMEI T 5 B2 6N 5, £, WAFIIEEAR LN ETE 2 DBES 72D, 2 &
FRACIZHIET Dy DHFFLME R Y A NANRUBEK 4-Cy 1ZAFV P UBMi 2 BT HINLT
T 7 VILVEER 36-Cs D 2 BEEIC L > THKE DT (Scheme 4-5-4), * o k AkiZhe
SPAKFTHRE -BEDMERIND EHfFEND, 22 C. 77 =07 V8K 11-C, 71 b
AMeEATo T,

o)
Il ]
<7 PN <7
Rlu HsC CHa Rlu /CH3
ipryp” \ SH * HBFy ———— = ip, p" \ So—¢
.H2 \
Scheme 4-5-3. 712 k AkITHE < Bk 3E D5
Me H 2+
Me
\. A 1
NN 2 Cp,Fe*PFg K
Cp*—Ru \ Ru—Cp* g Cp*—Ru—\—//—Ru—Cp*
N NV
\/ Cp* é/ Cp*
H H
36'C4 4'C4

Scheme 4-5-4. $&{K 4-C4 DERIE

HBF4 Et,O IZ LW T T =V 7 UK 11-Cy 1371 bk, £/ hF AT 7=0
7 UEEIR [(Cp*Ru)s(u-CO)(us-1?-C=CEtH)(1-H).][BF4] (37-Cs) 231%F H417= (EQ. 4-5-3), FIHIZ L -
THRESNTWS, | BF AT 7 A R= LK [(Cp*Ru)s(1-CO)(u-H)4][BF] (38) & &

22 (a) Wailes, P. C.; Weigold, H. J. Organomet. Chem. 1970, 24, 413-417. (b) Carmona-Guzman, E.; Wilkinson, G. J. Chem.
Soc., Dalton Trans. 1977, 1716-1721. (c) Bruno, J. W.; Huffman, J. C.; Caulton, K. G. J. Am. Chem. Soc. 1984, 106,
1663-1669. (d) Morris, R. H.; Sawyer, J. F.; Shiralian, M.; Zubkowski, J. J. Am. Chem. Soc. 1985, 107, 5581-5582. (e)
Crabtree, R. H.; Lavin, M. J. Chem. Soc., Chem. Commun. 1985, 1661-1662. (f) Bianchini, C.; Mealli, C.; Peruzzini, M.;
Zanobini, F. J. Am. Chem. Soc. 1987, 109, 5548-5549. (g) Esteruelas, M. A.; Gomez, A. V.; Lahoz, F. J.; Lopez, A. M.;
Onate, E.; Oro, L. A. Organometallics 1996, 15, 3423-3435.
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Boniz, B B, 7H YUK 16a 70 F AL LIS E BRI AR E LN DN,
B3 UKL 725 (Eq. 4-5-4),

(o] (o]
H _| \fr _| ¥
N l
Ru—Cp* excess HBF, Cp*—Rl\j

; ; —Ru—Cp* Hy
%Ru/ rt, 20 min H2>‘\<Ru/ * / X

\\ \ * \\ \ * —
//X/ Cp //X/ Cp j;%l\?uYRu\

H Et H Et (o}
1-C, 37-C, 38
92% by NMR 3% by NMR

(Eq. 4-5-3)
o _| + ,| _| +
Ru

Ru
I excess HBF, Cp*-Ru —Ru—Cp*
S s Y

/ Xm
K rt, 20 min H RiY * { Rl Ru_}
Y{U\H/Ru/}% //X/ Cp” YC Y 7%
o
1

H Et
6-a 37-C4 38
85% by NMR 3% by NMR

(Eq. 4-5-4)

T ) AFHAETT =V T U8k 37-C & AV ARREORR
BIARBEPHEITT DL EMFFEL, £/ AT AW T T =0 7 UK 37-Co DMBEAT ST,
100 °C THEAEAT 7L 2 A, WNRZARMTFEETHE ) DFA M U R TN
[(Cp*Ru)3(us-CO)(us-17-CsMeHz)(u-H)][BF4] (39-Cu-a, 39-Cu-b) 7343 5417 (Eq. 4-5-5), Cp* fElk
ISR =7 BELNL L TV D IEMER 2RO D 2 L IxTE 220 A, $8K 39-Ca 2359 70%
AR LTV e, §851K 30-Co ASEAMMIE 720 | BEA X SIS = 2 E b T,
o)
_| Me H —| + Me 'c": _| +

\C,«/ XicH \c"/ X

F2---SCH
—_Ru—Cp* Cp*—Rl{/—\—/—\\Ru—Cp* - Cp*—Rl{/— — —\\Ru—Cp*
2 —_—
V4 _ N\V74 ” N\V74
\ RU H, H——Rii Ruz—H
™ |/ cpr
¢ P

(o} (o}

37-C, 39-C,4-a 39-C4-b
26% as orange crystal
(Eq. 4-5-5)
T ) HFF MY R NRGEER 39-C, DFEIE
$E{R 39-Cr-a DYy THEE
BEIR 39-C4 DT ¥ P URIRICY 2 F N —T VAR ESEDL Z E THELNEEBA T e v 7

B W ZBT, B RS SR TR (2005)
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HRAE B 2 T, S X SRS EAT 21T o 72, 2 851K 39-Cs-a D4y 1HiE% Figure 4-5-2 12,
T ERE - MiA A% Table4-5-2 1T L7z,

Ot e —O

Figure 4-5-2. $&{K 39-Cs-a OB T4 L EAL O (30 % probability)

Table 4-5-2. Selected bond lengths (A) and angles (°)

Ru(1)-Ru(2) 2.7664(3) Ru(2)-Ru(2#) 2.7207(4) Ru(1)-C(1) 2.008(4)
Ru(1)-C(3) 2.055(3) Ru(2)-C(1) 2.264(3) Ru(2)-C(2) 2.126(3)
Ru(2)-C(3) 2.076(3) C(1)-0(1) 1.193(5) C(2)-C(3) 1.556(4)
C(2)-C(4) 1.504(5) C(3)-C(3#) 1.632(6)

Ru(1)-Ru(2)-Ru(2#) 60.547(5) Ru(2)-Ru(1)-Ru(2#) 58.909(10) Ru(1)-C(1)-Ru(2) 80.48(12)

Ru(2-C(1)-Ru(2#) 73.86(12) Ru(2)-C(2-Ru(2#) 79.54(13) Ru(1)-C(3)-Ru(2) 84.08(10)

C(2)-C(3)-C(3#) 58.37(13)  C(3)-C(2)-C(3#) 63.3(3)

NT =T AOZBEBREIRFZ ZBRMIE A EZ TR 3-Ch 5-Co EHRV B FU RALEE
BOAZ L7- 2 & T Ru(2)-Ru(2#) MIEEEEAY Ru(l)-Ru(2) RAFERE & H~THI 0.05A L 2oz, =D
WHEC [RFEZHERO C(3)-C(3#) MIHEAEL C(2)-C(3) MEML v £5 0.08A B /eolztEx
bd, LU, kFEZBEO C-C MDY 158 A o (B4R 3-C4: 158 A, $&{K 5-C4: 1.60
A), % REZBEROKRFZ LT =T AROEREOYY) 209 A X (B5K 3-Cs 1 2.06 A, A
5-C4:2.07 A), $81K 3-C4,5-Cs LHERTHEVEDLL RN oT-,

HINVRNVENFZ2EHTEE) D FF AN DN R 39-C, O a kAk
FPE R Y ZHILR_UEEK 3-Cs WEOND Z L 2L S5A 39-C4 D7 1 kA ZfEt L

24 T IL Rigaku R-AXIS RAPID [alffr#i# % J T 150 °C T{T\>, Rigaku Process -AUTO program (2 & - CTF
— X ALV LT, AR RITE LEMIEEE Cmea (#64) TH V. RIS 2 E o T\ s, f#TIck
WL, SHELXT-2014/5 (8 SHELXL-2016/6 7’11 7' LS ir — V& AV, EEIEICL VLT =0 AFF O
BAEREL, 77—V ZHBRICE > TELIIFKRIRRFE2RE L, BAKTIZE 1 570 BR 7T=F U REEN
TU 2, SHELXL-2016/6 7'1 7T L& AWER/NZFTIBIC I VBB L, T4 M0, 7 =4 LD FEKER
TEZNENIEEFPE, FHMEICER Uz, BmICFEET 2 A F L (C8) 121 AFIX ZE A TEZeholziz
B, KFR B OMEREZ restrain (DFIX) THIR L7z, SEHMITICHFET D7 =4 P ELICT 4 A — X —PIFE(E
Licled, SAFEE 27:27:23:23 & L., RTROEREL restrain (DFIX) T. IRERT-% constrain (EADP) T
HIFR % = & THEE & Faifb L7z,

121



B A4E REZBREPATHIMAT=ULT TAL—OERE SERGHE

loe VEFAT IVRT R ULARARRY NICEDBT v R ALz BRET LI22s, RIFESROE
ML IR BT %Mt(m45®

M +
OLL -
[Base]
Ccp* —Ru—\—/—RU_CP Decomposed
rt., 30 min
Base : NHEt,, NaOMe
39-C,

(Eq. 4-5-6)
7w b ACTET BT D 2 L AR L. BIRER AW T v oAb E R LT, RER
ﬁU?A%ﬁwT%7DLVM%ﬁott:%\E%@¢ﬁ%m364ﬁ%6nt(m45wo

Me\ g ! _| *

excess K2C03

N\
Cp*—Ru—\— —Ru—Cp* \—— u—Cp*
>§ % THF, 60 °c 1d \ /

39-C, 3-C,

45%
(Eq. 4-5-7)
OGNS, T W F AT A=) T UK E WD Z & T, BRIEA AT SR
U RABNRAERNEDND Z L EALMNC LI, RERIEEZH WD Z LT, x REHRLELH
THRFE BBRAEA L TR TEDEEZOND, RE BRI RERLZGTD Y R
IR AR E AR T A LT, M) RABARUEEROEKSICET A S 525 REES - L

HLERRIC e D E I S D,

AREFETIE, FEEIRAE TIIOSMEZ R & 20 b U AR BER 3-Cy, 5-Ca 28, HIBHIC X - T
BOSHZ RS Z e 2 M U, BRREIC L - TRFEZBERMPHA L, 2 FEOTEME 7 RS
BEND T EDRMEEES L, 5K 3-Cy 1T Bl SR 5-Cy lIT vE=T ERNL, B
AT AR UGERD KD Ny T OTEMEALICH L CHEITH D Z LR EnT, £/, T/ F
AR E VWD 2 LT, B A AT HRFE ZBEDIE ETERENCT 2D I LR
M U7, RFE BRI REBREEZH T M) ADNVRUGERE ST HZ T, MU RV
RUGEERDH NI T D S B D MAZG5 Z ENARRICR D E iR S D,
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BBERE T 7 A X —3EE OB ONEEIC UCHRRIMICERT 2 Z & T, BRESA L 1X
B2 DGR TIHEOIEMALZIT) &N TEDHEEZ2oND, BBEERE T 7 AX—OHFFET
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Experimental Section

Experimental Section

General Procedures

All experiments were carried out under an argon atmosphere. All compounds were treated with Schlenk
techniques. Dehydrated toluene, tetrahydrofuran (THF), diethyl ether, hexane, dichloromethane,
acetonitrile, acetone, and methanol used in this study were purchased from Kanto Chemicals and stored
under an argon atmosphere. p-xylene was dried over MS-3A and stored under an argon atmosphere.
Benzene-ds, THF-ds, toluene-ds, and p-xylene-dio were distilled sodium-benzophenone ketyl and stored
under an argon atmosphere. Acetone-ds was dried over MS-3A and stored under an argon atmosphere.
Benzonitrile was dried over P,Os and stored under an argon atmosphere. Other materials used in this
research were used as purchased. Complex 1,' 4-C42 5-C4? was prepared according to the previously
published method. *H and 3C NMR spectra were recorded on Varian INOVA 400 and Varian 400-MR
Fourier transform spectrometers. *H NMR spectra were referenced to tetramethylsilane as an internal
standard. 3C NMR spectra were referenced to solvent signals. IR spectra were recorded on a JASCO
FT/IR-4200 spectrophotometer. UV-vis spectra were recorded on a SHIMADZU UV-2550
spectrophotometer. Elemental analysis was performed on a Perkin Elmer 240011 series CHN analyzer.
GLC analyses were performed on a SHIMADZU GC-17A and GC-2010 using a capillary column (J&W
DB-1; 30 m x 0.53 mm x 1.50 um) with helium gas as a carrier. Photo-irradiation experiments were
performed using Asahi Spectra REX-250 high power mercury light source attached with a band-pass filter.
Cyclic voltammograms were performed using a BAS CV-50W voltammetric analyzer interfaced to a
personal computer. The working electrode was platinum, and the counter electrode was a platinum wire.
The reference electrode was a silver wire housed in a glass tube sealed with a porous Vyecor tip and filled
with a 0.1 M solution of AgNO3 in acetonitrile. The data obtained relative to a reference electrode
(Ag/Ag*) were converted to the potential relative to the redox potential of ferrocene, which was measured
under the same conditions at the same time. Tetrabutylammonium hexafluorophosphate (TBAPFg; Wako)
was recrystallized from THF, dried under vacuum, and stored under an argon atmosphere. A concentration
of ~1 mM of complexes 2 in 0.1 M TBAPFs in THF was used.

Chapter 2
Reaction of 1 with CO.

Complex 1 (379.3 mg, 531.3 umol) and THF (60 mL) were charged in a 100 mL Schlenk tube. After the
solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then, 1
equiv (12.84 mL, 22.2 °C, 529.8 umol) of CO was introduced into the reaction flask by the use of a gas
sphere (12.84 mL) at —78 °C. The solution was stirred for 30 min at —60 °C. The solution was then
gradually warmed to ambient temperature. After the solvent was removed under reduced pressure, the
residual solid was dissolved in hexane (ca. 40 mL) and purified by column chromatography on alumina
(Merck, Art. No. 1097) using toluene as an eluent. The first black band including 2 was collected. Dryness
under reduced pressure gave 2 (226.0 mg, 305.4 umol, 57% yield) as a black solid.

1 Suzuki, H.; Kakigano, T.; Tada, K.-i.; Igarashi, M.; Matsubara, K.; Inagaki, A.; Oshima, M.; Takao, T.
Bull. Chem. Soc. Jpn. 2005, 78, 67-87.
2 Takao, T.; Moriya, M.; Suzuki, H. Organometallics 2007, 26, 1349-1360.
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Reaction of 1 with heptanal.

Complex 1 (2.4 mg, 3.3 umol), heptanal (50 xL, 0.36 mmol), and CsDs (0.5 mL) were charged in an
NMR tube equipped with a J. Young valve. The solution was heated at 50 °C, and the reaction was
monitored periodically by means of *H NMR spectroscopy.

Synthesis of (Cp*Ru)sz(u-CO)(uz-H)(u-H)2 (2).

Complex 1 (2.03 g, 2.84 mmol), THF (325 mL), and methanol (65 mL) were charged in a 500 mL
Schlenk tube. After the solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by
a vacuum line. Then, 1.1 equiv (ca. 77 mL, 18.0 °C, 3.2 mmol) of O, was introduced into the reaction
flask by the use of a gas sphere (12.84 mL) six times at —78 °C. The solution was stirred under reduced
pressure for 2 h at =50 °C and 10 min at 0 °C. The solution turned from brown to dark green. After the
solvent was removed under reduced pressure, 300 mL of methanol was added under an argon atmosphere.
The mixture was stirred until the dark green solid was dissolved. The solution was dark brown. After the
solvent was removed under reduced pressure, the residual solid was dissolved in hexane (ca. 300 mL) and
purified by column chromatography on alumina (Merck, Art. No. 1097) using toluene as an eluent. The
second black band including 2 was collected. Dryness under reduced pressure gave 2 (1.29 g, 1.74 mmol,
61% yield) as a black solid. A single crystal used for the diffraction study was obtained by recrystallization
from a hexane solution of 2 stored at —30 °C. *H NMR (400 MHz, THF-ds, —100 °C): 5 1.86 (s, 30H,
CsMes), 1.85 (s, 15H, CsMes), —9.30 (d, 2H, Ju-n = 2.8 Hz, Ru-H), —21.48 ppm (t, 1H, Ju-n = 2.8 Hz,
Ru-H). 13C NMR (100 MHz, benzene-ds, 23 °C): § 262.9 (s, CO), 89.5 (s, CsMes), 12.1 (g, Jc-n = 127 Hz,
CsMes). IR (KBr, cm™): vco 1739. Anal. Calcd for C31HasORus: C, 50.32; H, 6.54. Found: C, 49.94; H,
6.89. In the hydrido region of the *H NMR spectrum, signals derived from A, which was considered to be
a THF adduct of 2, were observed at 5 —3.59 and —9.31 below —70 °C, where the ratio between 2 and A
was estimated to be 12/1.

Reaction of 1 with CO,.

Complex 1 (19.7 mg, 26.6 umol) and cyclohexane (3 mL) were charged in a 20 mL Schlenk tube
equipped with a J. Young valve. After the solution was frozen in a dry ice/methanol bath, the reaction flask
was degassed by a vacuum line. Then, 1 atm of CO, was introduced into the reaction flask. The solution
was stirred for 92.5 h at 120 °C and the solvent was removed under reduced pressure. *H NMR showed
that the conversion of 1 (57%) and the formation of 2 (12%) and 8 (11%).

Reaction of an Equilibrated Mixture of 9-Cs and 10-Cg with CO; Followed by Hydrogenation.
Complex 1 (238.3 mg, 0.3338 mmol), 1-hexyne (0.400 mL, 3.51 mmol), and THF (20 mL) were charged
in a 50 mL Schlenk tube. The solution was stirred for 2 h at 25 °C. The solution turned from brown to
green. After the solvent was removed under reduced pressure, 20 mL of toluene was added under an argon
atmosphere. After the solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a
vacuum line. Then, 1 atm of CO, was introduced into the reaction flask. The solution was stirred for 18.5
days at 80 °C. The solution turned from brown to green. After the solution was cooled in a dry
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ice/methanol bath, the reaction flask was degassed by a vacuum line. Then, 1 atm of H, was introduced
into the reaction flask. The solution was stirred for 2 days at 80 °C. The solution turned from green to dark
brown. After the solvent was removed under reduced pressure, the residual solid was dissolved in hexane
(ca. 50 mL) and purified by column chromatography on alumina (Merck, Art. No. 1097) using toluene as
an eluent. The second black band including 2 was collected. Dryness under reduced pressure gave 2 (124.1
mg, 167.7 umol, 50% yield) as a black solid.

H/D Exchange Reaction of 2 with 1 atm of Da.

Complex 2 (9.6 mg, 0.013 mmol) and C¢Ds (0.5 mL) were charged in an NMR tube equipped with a J.
Young valve. After the solution was frozen in a dry ice/methanol bath, the NMR tube was degassed by a
vacuum line. Then, 1 atm of D, was introduced into the tube. The tube was stored at 25 °C, and the
reaction was monitored periodically by means of *H NMR spectroscopy. The signal intensity of hydrides
of 2 decreased to 50% after 3 h, while it decreased to 19% after 53 h.

Chapter 3
Preparation of (Cp*Ru)s(x-CO)(us-CMe)(u-H)2 (13).

Complex 2 (2.3 mg, 3.1 umol) and C¢Ds (0.4 mL) were charged in an NMR tube equipped with a J.
Young valve. After the solution was frozen in a dry ice/methanol bath, the NMR tube was degassed by a
vacuum line. Then, 1 atm of ethylene was introduced into the reaction flask and the NMR tube kept at
25 °C. Exclusive formation of 13 was confirmed by the *H NMR spectrum recorded 1 h later. A single
crystal used for the diffraction study was obtained by recrystallization from a THF solution of 13 stored at
-30 °C. 'H NMR (400 MHz, benzene-ds, 23 °C): & 3.25 (s, 3H, 1-CMe), 1.92 (s, 30H, CsMes), 1.48 (s,
15H, CsMes), —9.74 ppm (s, 2H, Ru-H). 3C NMR (100 MHz, benzene-ds, 23 °C): & 390.4 (s, u3-CMe),
239.3 (s, CO), 96.9 (s, CsMes), 85.1 (s, CsMes), 46.7 (q, Jc-n = 126 Hz, us-CMe) 11.9 (q, Jc-n = 127 Hz,
CsMes), 10.8 ppm (g, Jc-n = 127 Hz, CsMes). IR (KBr, cm™): veo 1715. Because 13 was contaminated
with a small amount of 11-C, owing to the rapid reaction of 13 with ethylene, a sufficient amount of 13 for
the carbon analysis (ca. 2 mg) was not obtained.

Preparation of (Cp*Ru)s(u-CO)(us-1?-C=CH:)(u-H) (11-C»).

Complex 2 (124.1 mg, 0.168 mmol) and toluene (25 mL) were charged in a 50 mL Schlenk tube. After
the solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then,
1 atm of ethylene was introduced into the reaction flask. The solution was stirred for 4 days at 25 °C. The
solution turned from dark brown to green. After the solvent was removed under reduced pressure, the
residual solid was dissolved in hexane (ca. 10 mL) and purified by column chromatography on alumina
(Merck, Art. No. 1097) using a mixed solvent of THF and hexane (1/40 in volume ratio) as an eluent. The
first green band including 11-C;, was collected. Drying under reduced pressure afforded 11-C; (75.5 mg,
99.8 umol, 59% yield) as a green solid. A single crystal used for the diffraction study was obtained by
recrystallization from a hexane solution of 11-C, stored at —30 °C. 'H NMR (400 MHz, benzene-ds,
23 °C): 6 4.85 (s, 2H, 13-C=CHy), 1.70 (s, 30H, CsMes), 1.67 (s, 15H, CsMes), —10.90 ppm (s, 1H, Ru-H).
13C NMR (100 MHz, benzene-dg, 23 °C): & 296.6 (s, 13-C=CH), 265.8 (s, CO), 92.0 (s, CsMes), 83.6 (s,
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CsMes), 56.9 (t, Jc-n = 157 Hz, 13-C=CHy), 12.3 (q, Jc-n = 126 Hz, CsMes), 10.2 ppm (g, Je-n = 127 Hz,
CsMes). IR (KBr, cm™): vco 1733. Anal. Calcd for CasHasORus: C, 51.88; H, 6.33. Found: C, 51.75; H,
6.05.

Preparation of an Equilibrated Mixture of (Cp*Ru):(u-CO)(u-CMe)(us-CMe)(u-H) (14) and
(Cp*Ru)3(u-CO)(us-CMe)(u- P-CH=CH>) (u-H) (15).

Complex 2 (103.4 mg, 0.1397 mmol) and toluene (20 mL) were charged in a 50 mL Schlenk tube. After
the solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then,
1 atm of ethylene was introduced into the reaction flask. The solution was stirred for 3 days at 110 °C. The
solution turned from dark brown to brown. After the solvent was removed under reduced pressure, the
residual solid was dissolved in toluene and purified by column chromatography on alumina (Merck, Art.
No. 1097) using toluene as an eluent. The second black band including 14 and 15 was collected. Drying
under reduced pressure afforded a mixture of 14 and 15 (87.0 mg, 0.110 mmol, 79% yield) as a black solid.
The ratio of 14 to 15 at 23 °C was estimated to be 95/5 on the basis of signal intensities of the 'H NMR
spectrum of the mixture. A single crystal used for the diffraction study of 14 was obtained by
recrystallization from a THF solution of the mixture stored at —30 °C. Data for 14 are as follows. *H NMR
(400 MHz, benzene-ds, 23 °C): 6 4.51 (s, 3H, 13-CMe), 2.30 (s, 3H, ©-CMe), 1.86 (s, 15H, CsMes), 1.74 (s,
15H, CsMes), 1.65 (s, 15H, CsMes), —20.84 ppm (s, 1H, Ru-H). 1*C NMR (100 MHz, benzene-ds, 23 °C):
8 388.3 (s, -CMe), 318.5 (s, 13-CMe), 244.3 (s, CO), 98.7 (s, CsMes), 97.4 (s, CsMes), 95.7 (s, CsMes),
43.6 (q, Jc—+ = 125 Hz, us-CMe), 43.4 (¢, Jc-n = 127 Hz, 4-CMe), 11.01 (q, Jc-n = 126 Hz, CsMes), 10.99
(9, Jc-n = 126 Hz, CsMes), 9.5 ppm (¢, Jc-n = 127 Hz, CsMes). IR (KBr, cm™): veo 1732. Data for 15 are
as follows. 'H NMR (400 MHz, benzene-ds, 23 °C): & 7.80 (dd, 1H, Ju-n = 10.4, 7.2 Hz, u-CH=CHH"),
4.09 (s, 3H, -CMe), 3.56 (d, 1H, Ju-v = 10.4 Hz, x-CH=CHH’), 258 (d, 1H, Ju-x = 7.2 Hz,
u#-CH=CHH"), 1.89 (s, 15H, CsMes), 1.73 (s, 15H, CsMes), 1.49 (s, 15H, CsMes), —21.45 ppm (s, 1H,
Ru-H). Due to the low population of 15, ¥*C NMR data for 15 was not obtained. Anal. Calcd for
CssHs20Rus: C, 53.08; H, 6.62. Found: C, 53.30; H, 6.69.

Preparation of (Cp*Ru)s(u-CO)(us-n>-C=CMeH)(u-H) (11-Cs).

Complex 2 (88.6 mg, 0.120 mmol) and toluene (20 mL) were charged in a 50 mL Schlenk tube. After the
solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then, 1
atm of propene was introduced into the reaction flask. The solution was stirred for 1 day at 80 °C. The
solution turned from dark brown to green. After the solvent was removed under reduced pressure, the
residual solid was dissolved in hexane and filtered through a Celite pad. After concentration, green
precipitates were obtained from the solution stored at —30 °C. A 43.3 mg amount of 11-C3 was obtained by
decantation (55.7 zmol, 46% yield). *H NMR (400 MHz, benzene-ds, 23 °C): & 6.56 (q, 1H, Ju-+ = 5.8 Hz,
us-C=CMeH), 2.05 (d, 3H, Ju-1 = 5.8 Hz, Me), 1.82 (s, 15H, CsMes), 1.68 (s, 15H, CsMes), 1.64 (s, 15H,
CsMes), —10.33 ppm (s, 1H, Ru-H).2*.C NMR (100 MHz, benzene-ds, 23 °C): & 297.1 (s, u3-C=CMeH),
264.7 (s, CO), 94.1 (s, CsMes), 90.8 (s, CsMes), 83.7 (s, CsMes), 70.3 (dq, Jc-n = 154, 6 Hz, 13-C=CMeH),
24.2 (dq, Jc-n = 125, 5 Hz, Me), 12.0 (g, Jc-n = 126 Hz, CsMes), 11.5 (9, Jc-v = 127 Hz, CsMes), 10.4
ppm (q, Jc-n = 127 Hz, CsMes). Anal. Calcd for CasHsoORuz: C, 52.49; H, 6.48. Found: C, 52.61; H, 6.30.
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Preparation of {Cp*Ru(u-H)}3(CO)(u-1?: 7>-CsHs) (16-a).

Complex 2 (102.4 mg, 0.138 mmol) and toluene (25 mL) were charged in a 50 mL Schlenk tube. After
the solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then,
1 atm of butadiene was introduced into the reaction flask. The solution was stirred for 30 min at 25 °C.
The solution immediately turned from dark brown to purple. After the solvent was removed under reduced
pressure, the residual solid was dissolved in toluene (ca. 10 mL) and purified by column chromatography
on alumina (Merck, Art. No. 1097) using toluene as an eluent. The first purple band including 16-a was
collected. Drying under reduced pressure afforded 16-a (100.3 mg, 0.126 mmol, 91% yield) as a purple
solid. A single crystal used for the diffraction study was obtained by recrystallization from a toluene
solution of 16-a stored at —30 °C. *H NMR (400 MHz, benzene-ds, 23 °C): 6 2.44 (m, 2H, -CH=CHH"),
1.83 (m, 2H, -CH=CHH’; exo), 1.77 (s, 30H, CsMes), 1.73 (s, 15H, CsMes), 0.53 (m, 2H, -CH=CHH’;
endo), —13.66 (t, 1H, Ju-n = 2.6 Hz, Ru-H), —22.60 ppm (d, 2H, Ju-+ = 2.6 Hz, Ru-H). **C NMR (100
MHz, benzene-dg, 23 °C): & 207.5 (s, CO), 92.9 (s, CsMes), 90.0 (s, CsMes), 41.2 (d, Jc-n = 154 Hz,
-CH=CHy), 26.8 (t, Jc-n = 153 Hz, -CH=CH>), 11.5 (q, Jc-n = 127 Hz, CsMes), 10.5 ppm (q, Jc-1 = 126
Hz, CsMes). IR (KBr, cm™): vco 1880. Anal. Caled for CssHssORus: C, 52.94; H, 6.86. Found: C, 52.72;
H, 6.70.

Preparation of {Cp*Ru(u-H)}3(CO)(u-7?: 7>-CH2=CMeCH=CH,) (16-b).

Complex 2 (78.6 mg, 0.106 mmol), diethyl ether (40 mL), and isoprene (0.53 mL, 50 equiv) were
charged in a 50 mL Schlenk tube. The solution turned from dark brown to purple. The solution was stirred
for 1 h at 25 °C and passed through a glass frit. After concentration, purple precipitates were obtained from
the solution stored at —30 °C. Analytically pure 16-b was obtained by washing the precipitates three times
with 2 mL of hexane (54.6 mg, 67.6 umol, 64% yield) as a purple crystalline solid. *H NMR (400 MHz,
toluene-ds, 0 °C): & 2.25 (dd, 1H, Ju-w = 10.2, 7.6 Hz, CHH’=CMeCH=CHH’), 2.20 (s, 1H,
CHH’=CMeCH=CHH’; exo), 1.80 (s, 15H, CsMes), 1.75 (s, 15H, CsMes), 1.70 (s, 15H, CsMes), 1.56 (s,
3H, Me), 1.50 (d, 1H, J4n = 7.6 Hz, CHH’=CMeCH=CHH’; exo0), 0.98 (d, 1H, Jun = 1.0 Hz,
CHH’=CMeCH=CHH’; endo), 0.23 (dd, 1H, J4-n = 10.2, 1.0 Hz, CHH’=CMeCH=CHH’; endo), —14.31
(s, 1H, Ru-H), —21.37 (s, 1H, Ru-H), —24.57 ppm (s, 1H, Ru-H). B¥C{*H} NMR (100 MHz, toluene-ds,
0 °C): 6 208.0 (CO), 92.9 (CsMes), 90.31 (CsMes), 90.29 (CsMes), 50.9 (C=CMeCH=C or C=CMeCH=C),
48.2 (C=CMeCH=C or C=CMeCH=C), 30.3 (=CH; or -CMe), 28.4 (=CH> or -CMe), 27.7 (=CH. or
-CMe), 11.8 (CsMes), 11.5 (CsMes), 10.5 ppm (CsMes). IR (KBr, cm™): vco 1879. Anal. Calcd for
CssHs60RuUs: C, 53.51; H, 6.99. Found: C, 53.52; H, 6.73.

Preparation of (Cp*Ru)s(u-CO)(us-n>-C=CEtH)(x-H) (11-C4).

Complex 2 (84.1 mg, 0.114 mmol) and toluene (20 mL) were charged in a 50 mL Schlenk tube. After the
solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then, 1
atm of butadiene was introduced into the reaction flask. The solution was stirred for 3 days at 80 °C. The
solution turned from dark brown to green. After the solvent was removed under reduced pressure, the
residual solid was dissolved in hexane and filtered through a Celite pad. After concentration, green
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precipitates were obtained from the solution stored at —30 °C. A 26.5 mg amount of 11-C4 was obtained by
decantation (33.5 umol, 29% vyield). A single crystal used for the diffraction study was obtained by
recrystallization from a hexane solution of 11-C4 stored at —30 °C. *H NMR (400 MHz, benzene-ds,
23 °C): 6 6.61 (dd, 1H, Jn-n = 9.3, 2.8 Hz, 13-C=CEtH), 2.56 (m, 1H, -CH,CH3), 1.81 (s, 15H, CsMes),
1.69 (s, 15H, CsMes), 1.63 (s, 15H, CsMes), 1.39 (t, 3H, Ju-n = 6.8 Hz, -CH.CHs3), 1.34 (m, 1H, -CH,CH3),
-10.21 ppm (s, 1H, Ru-H).:*.C NMR (100 MHz, benzene-ds, 23 °C): & 297.2 (s, u3-C=CEtH), 264.6 (s,
CO), 94.2 (s, CsMes), 90.6 (s, CsMes), 83.9 (s, CsMes), 79.6 (dqg, Je—n = 152, 6 Hz, 13-C=CEtH), 32.0 (t,
Je-n = 127 Hz, -CH2-), 20.0 (g, Jc_+ = 125 Hz, -CH3), 12.0 (q, Jc_n = 126 Hz, CsMes), 11.3 (q, Jo-n = 127
Hz, CsMes), 10.4 ppm (¢, Jc-n = 126 Hz, CsMes). IR (KBr, cm™): 1vco 1728. Anal. Caled for CssHs,ORus:
C, 53.08; H, 6.62. Found: C, 53.25; H, 6.51.

Preparation of (Cp*Ru)s(us-CO)(us-17: n(L)-PhCCH)(u-H) (18-C2Ph).

Complex 2 (86.8 mg, 0.117 mmol), toluene (20 mL), and phenylacetylene (15.0 xL, 1.16 equiv) were
charged in a 50 mL Schlenk tube. The solution was stirred for 1 h at 25 °C. The solution turned from dark
brown to reddish brown. After the solvent was removed under reduced pressure, the residual solid was
dissolved in hexane (ca. 10 mL) and purified by column chromatography on alumina (Merck, Art. No.
1097) using a mixed solvent of toluene and hexane (1/5 in a volume ratio) as an eluent. The first brown
band including 18-C,Ph was collected. Drying under reduced pressure afforded 18-C,Ph (76.1 mg, 90.6
umol, 77% yield) as a brown solid. A single crystal used for the diffraction study was obtained by
recrystallization from a toluene solution of 18-C,Ph stored at —30 °C. 'H NMR (400 MHz, benzene-ds,
25 °C): 6 11.14 (s, 1H, PhCCH), 7.01 (dd, 2H, J4-+ = 7.4, 7.4 Hz, m-Ph), 6.76 (t, 1H, J4—n = 7.4 Hz, p-Ph),
5.91 (brd, 2H, 0-Ph), 1.85 (s, 15H, CsMes), 1.72 (s, 15H, CsMes), 1.68 (s, 15H, CsMes), —6.79 ppm (s, 1H,
Ru-H). 13C NMR (100 MHz, benzene-ds, 23 °C): 8 263.7 (s, CO), 204.2 (d, Jc-+ = 181 Hz, outer-PhCCH),
147.4 (s, ipso-Ph), 126.8 (dd, Jc-+ = 155, 9 Hz, Ph), 125.0 (dt, Jc—n = 156, 7 Hz, Ph), 121.9 (dt, Jc_n = 157,
5 Hz, Ph), 95.0 (s, inner-PhCCH), 93.42 (s, CsMes), 93.37 (s, CsMes), 88.6 (s, CsMes), 11.32 (q, Jc-n =
127 Hz, CsMes), 11.26 (g, Jc-n = 127 Hz, CsMes), 10.6 ppm (q, Jc-n = 127 Hz, CsMes). IR (KBr, cm™):
veo 1683. Anal. Calcd for CagHs2ORus: C, 55.76; H, 6.24. Found: C, 55.87; H, 6.30.

Reaction of 18-C,Ph with 1 atm of H.

Complex 18-C»Ph (0.7 mg, 0.8 umol) and C¢Ds (0.5 mL) were charged in an NMR tube equipped with a
J. Young valve. After the solution was frozen in a dry ice/methanol bath, the NMR tube was degassed by a
vacuum line. Then, 1 atm of H, was introduced into the tube. The tube was stored at 25 °C, and the
reaction was monitored periodically by means of *H NMR spectroscopy. 30 min later, *H NMR showed
that the conversion of 18-C,Ph (30%) and the formation of G (27%) and H (3%). Data for G are as
follows. *H NMR (400 MHz, benzene-ds, 23 °C): & 9.11 (m, 1H, CH), 1.85 (s, 30H, CsMes), 1.83 (s, 15H,
CsMes), —6.45 (br s, 1H, Ru-H), —12.14 ppm (br s, 2H, Ru-H). Five phenyl proton signals were obscured
by the other phenyl proton signals. Data for H are as follows. *H NMR (400 MHz, benzene-ds, 23 °C): &
1.93 (s, 30H, CsMes), —9.78 (s, 1H, Ru-H), —20.90 ppm (s, 1H, Ru-H). Other signals were obscured by the
signals derived from complex 18-C,Ph and complex G.
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Calculation of activation parameters for hydrogenation of 18-C,Ph.

Complex 18-C,Ph (25-30 mg) and toluene-ds (2.0 mL) were charged in a 50 mL Schlenk tube. Then the
solution was evenly divided into four 50 mL Schlenk tubes. After each of the solution was frozen in a
liquid nitrogen bat, each of the reactors was degassed by a vacuum line. Then, H (1 atm) was introduced,
and each of the reactors was heated with vigorous stirring. After the appropriate reaction time, each of the
solution was analyzed by *H NMR. The results of reactions are given in Table S-1.

Table S-1. Hydrogenation of 18-C,Ph.

18-C,Ph [mg, umol] | Temp. [°C] Conv. [%] / Time [h]
28.6, 34.0 40 13/3 29/6 | 87/20 | 90/24
26.8,31.9 50 14/2 | 33/5 73/8 | 86/11
27.2,32.3 60 9/1 23/2 51/3 7215
25.8, 30.7 70 9/05 | 17/1 4712 64/3

Preparation of (Cp*Ru)s(u-CO){us-7>-C=C(nPr)H}(z-H) (11-Cs).

Complex 2 (80.3 mg, 0.109 mmol), toluene (20 mL), and 1-pentyne (0.100 mL, 9.47 equiv) were charged
in a 50 mL Schlenk tube. The solution was stirred for 2 h at 25 °C. The solution turned from dark brown to
green. After the solvent and remaining 1-pentyne were removed under reduced pressure, the residual solid
was dissolved in hexane and filtered through a Celite pad. After concentration, green precipitates were
obtained from the solution stored at —30 °C. A 49.5 mg amount of 11-Cs was obtained by decantation
(61.4 umol, 57% yield). A single crystal used for the diffraction study was obtained by recrystallization
from a hexane solution of 11-Cs stored at —30 °C. *H NMR (400 MHz, benzene-dg, 23 °C): § 6.71 (dd, 1H,
Ju-n = 10.0, 2.8 Hz, 13-C=C(nPr)H), 2.46 (m, 1H, -CH,CH,CH3 or -CH,CH>CH3), 1.83 (s, 15H, CsMes),
1.70 (s, 15H, CsMes), 1.64 (s, 15H, CsMes), 1.34 (m, 1H, -CH>CH>CH3 or -CH,CH,>CHj3), 1.21 (t, 3H, Ju-n
= 7.4 Hz, -CH,CH2CHgs), —10.17 ppm (s, 1H, Ru-H). Two methylene proton signals derived from the
us-pentenylidene group were obscured by the Cp* signals. *C NMR (100 MHz, benzene-dg, 23 °C): &
297.6 (S, us-C=C(nPr)H), 264.6 (s, CO), 94.3 (s, CsMes), 90.6 (s, CsMes), 83.8 (s, CsMes), 77.2 (d, Jc-n
152 Hz, 15-C=C(nPr)H), 41.3 (t, Jc-n = 127 Hz, -CH>-), 29.0 (t, Jc-n = 125 Hz, -CH>-), 14.6 (q, Jc-H
124 Hz, -CHj3), 12.0 (g, Jc-n = 126 Hz, CsMes), 11.3 (q, Jc-n = 127 Hz, CsMes), 10.4 ppm (q, Je-n = 127
Hz, CsMes). IR (KBr, cm™): vco 1719. Anal. Caled for CssHssORus: C, 53.64; H, 6.75. Found: C, 53.35;
H, 6.94.

Thermolysis of an Equilibrated Mixture of 14 and 15.
Preparation of (Cp*Ru)3(u-CO)(us-72(|[)-HCCH)(us-CH) (19).

A mixture of 14 and 15 (36.7 mg, 0.0463 mmol) and p-xylene (10 mL) were charged in a 20 mL Schlenk
tube equipped with a J. Young valve. After the solution was frozen in a dry ice/methanol bath, the reaction
flask was degassed by a vacuum line. Then, 1 atm of argon was introduced into the reaction flask. The
solution was stirred for 3.5 days at 180 °C. The solution turned from brown to orange. After the solvent
was removed under reduced pressure, the residual solid was dissolved in toluene (ca. 4 mL) and purified
by column chromatography on alumina (Merck, Art. No. 1097) using toluene as an eluent. The first orange
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band was collected. Drying under reduced pressure afforded a 32.9 mg amount of a mixture of 3-C4 (21%),
19 (74%), and unidentified complexes (ca. 5%) as an orange solid. The formation of 3-C4 was confirmed
by the *H NMR spectrum displaying characteristic signals at & 5.97 (s, 2H, us-17>-CsMeH,), 2.15 (s, 3H,
uz-11>-CsMeH,), 1.76 (s, 15H, Cp*), and 1.75 ppm (s, 30H, Cp*). The mixture and toluene (10 mL) were
charged in a 100 mL Schlenk tube. After the solution was cooled in a dry ice/methanol bath, the reaction
flask was degassed by a vacuum line. Then, 1 atm of O, was introduced into the reaction flask to transform
3-C4 into an insoluble material for the separation of 19. The solution was stirred for 5 days at 80 °C. The
solution turned from orange to greenish orange, and green precipitates were formed. After the solvent was
removed under reduced pressure, the residual solid was dissolved in hexane (ca. 30 mL) and purified by
column chromatography on alumina (Merck, Art. No. 1097) using toluene as an eluent. The first orange
band including 19 was collected. Drying under reduced pressure afforded 19 (6.8 mg, 8.4 umol, 18%
yield) as an orange solid. A single crystal used for the diffraction study was obtained by recrystallization
from a toluene solution of 19 stored at —30 °C. *H NMR (400 MHz, benzene-de, 23 °C): § 14.97 (t, 1H,
Jn-r = 1.0 Hz, 155-CH), 8.49 (d, 2H, Ju-n = 1.0 Hz, u5-77%(||)-HC=CH), 1.81 (s, 15H, CsMes), 1.78 ppm (s,
30H, CsMes). 1*C NMR (100 MHz, benzene-ds, 23 °C): & 318.8 (d, Jc-n = 157 Hz, 13-CH), 235.7 (s, CO),
164.0 (d, Jc-n = 158 Hz, ws-7%(||))-HC=CH), 97.5 (s, CsMes), 92.8 (s, CsMes), 11.8 (q, Jc-n = 126 Hz,
CsMes), 10.4 ppm (g, Jc-n = 127 Hz, CsMes). IR (KBr, cm™): weo 1753. Anal. Calcd for C3sH4s0Rus: C,
52.63; H, 6.24. Found: C, 52.60; H, 5.99.

Preparation of (Cp*Ru)s(u-CO)(u-H)2(us-17-N=CPhH) (21-CO).

Complex 2 (263.2 mg, 0.356 mmol), THF (20 mL), and benzonitrile (0.36 mL, 3.50 mmol) were charged
in a 50 mL Schlenk tube. The solution was stirred for 0.5 h at 25 °C. The solution turned from dark brown
to red. The solvent and remaining benzonitrile were removed under reduced pressure. Recrystallization
from the hexane solution of the residual solid stored at —30 °C gave a 167 mg amount of analytically pure
21-CO as a red single crystal (0.198 mmol, 56% yield). A single crystal used for the diffraction study was
prepared from the THF solution of 21-CO stored at —30 °C. *H NMR (400 MHz, THF-dg, —40 °C): 5 7.34
(d, Ju-n = 7.2 Hz, 2H, 0-Ph), 7.18 (dd, J4-n = 7.6, 7.2 Hz, 2H, m-Ph), 7.10 (t, J4-+1 = 7.6 Hz, 1H, p-Ph),
6.56 (s, 1H, N=CPhH), 1.83 (s, 15H, CsMes), 1.80 (s, 15H, CsMes), 1.56 (s, 15H, CsMes), —19.46 (s, 1H,
Ru-H), —21.21 ppm (s, 1H, Ru-H). 3C NMR (100 MHz, THF-ds, 25 °C): & 234.3 (s, u-CO), 143.7 (s,
ipso-Ph), 127.9 (d, Jc-+ = 160 Hz, Ph), 127.6 (d, Jc-+ = 159 Hz, Ph), 127.0 (d, Jc-+ = 160 Hz, Ph), 109.9
(d, Jc_n = 171 Hz, N=CPhH), 94.0 (br s, CsMes), 93.4 (br s, CsMes), 88.1 (s, CsMes), 11.8 (br q, Jc-n =
127 Hz, CsMes), 11.1 ppm (q, Jcn = 127 Hz, CsMes). IR (KBr, cm™): veo 1735. Anal. Calcd for
CagHs3sNORus: C, 54.14; H, 6.34; N, 1.66. Found: C, 54.11; H, 6.36; N, 1.83.

Preparation of (Cp*Ru)s(¢-CO)(u-H)2{u-N(CH2Ph)H} (25-CO).

Complex 21-CO (68.3 mg, 80.8 zmol) and THF (10 mL) were charged in a 50-mL glass-autoclave. After
the solution was frozen in a liquid nitrogen bat, the reactor was degassed by a vacuum line. Then, H (0.6
MPa) was introduced at 25 °C, and the solution was stirred for 1 week. The solution turned from red to
brownish-yellow. After the solvent was removed under reduced pressure, the residual solid was purified by
column chromatography on alumina (Merck, Art. No. 1097) using a mixed solvent of toluene and hexane
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(2/3 in a volume ratio) as an eluent. The first green band including 25-CO was collected. Drying under
reduced pressure afforded 25-CO (30.9 mg, 36.6 uzmol, 45% yield) as a green solid. *H NMR (400 MHz,
CeDs, 25 °C): & 7.07-7.23 (m, 5H, Ph), 3.71 (br t, Ju-w = 7.3 Hz, 1H, NH), 2.67 (d, Ju-+ = 7.3 Hz, 2H,
N(CH2Ph)H), 1.77 (s, 15H, CsMes), 1.74 (s, 30H, CsMes), —10.59 ppm (s, 2H, Ru-H). 3C NMR (100 MHz,
THF-ds, 25 °C): 271.4 (s, 4-CO), 145.6 (s, ipso-Ph), 129.3 (d, Jc-n = 159 Hz, Ph), 129.1 (d, Jc-+ = 156 Hz,
Ph), 127.5 (d, Jc-n = 160 Hz, Ph), 93.1 (t, Jc-n = 134 Hz, N(CH2Ph)H), 92.9 (s, CsMes), 79.6 (s, CsMes),
12.7 (9, Jc-n = 126 Hz, CsMes), 10.5 ppm (g, Jcn = 126 Hz, CsMes). IR (KBr, cm™): vco 1665. Anal.
Calcd for CagHssNORua: C, 54.01; H, 6.56; N, 1.66. Found: C, 54.09; H, 6.76; N, 2.03.

Hydrogenation of 25-CO.

Complex 25-CO (15.2 mg. 18.0 gmol) and THF (2 mL) were charged in a glass-autoclave. After the
solution was frozen in a liquid nitrogen bat, the reactor was degassed by a vacuum line. Then, Hz (0.6
MPa) was introduced, and the reactor was heated at 100 °C for 24 h. The solution was then transferred to a
50-mL Schlenk tube, and the solution was removed under reduced pressure. Conversion of 25-CO was
estimated to be 64% on the basis of the *H NMR spectrum of the residual solid, and the spectrum also
showed that complexes 2, 21-CO, and 6 were formed in 47, 11, and 6% yields, respectively.

Catalytic hydrogenation of benzonitrile.

Complex 2 (9.0 mg, 12 zmol), benzonitrile (124 uL, 1.22 mmol ,100 equiv), and THF including biphenyl
(1 mL) were charged in a 100-mL stainless-steel autoclave equipped with a glass cup and magnetic
stirrer-bar. After the reactor was filled with H, (5 MPa), the reactor was heated at 120 °C for 20 h. Then
the solution was analyzed by GLC. GLC analysis showed that benzylamine, N-benzylidenebenzylamine,
and dibenzylamine were formed in 92, 3.7, and 3.3% yields, respectively.

The reaction of 2 with benzylamine.

Complex 2 (5.7 mg, 7.7 umol), THF-dg (0.4 mL), 2,2,4,4-tetramethypentane (1 xL), and benzylamine
(8.0 wL, 73 umol) were charged in an NMR tube equipped with a J. Young valve. The solueion was heated
at 120 °C for 70 h. The *H NMR spectrum of the reaction solution showed that 21-CO was formed in 24%.
The formation of trace amount of 6 was also observed.

Chapter 4
Photo-reaction of 5-C4 with CO.

Hexafluorophosphate salt of 5-C4 (3.0 mg, 3.3 umol) and THF (0.5 mL) were charged in an NMR tube
equipped with a J. Young valve. After the solution was frozen in a liquid nitrogen bat, the NMR tube was
degassed by a vacuum line. Then, 1 atm of CO was introduced into the tube. The solution was irradiated
with visible light (Rex-250, 436 nm) at ambient temperature. The solution truned from yellow to orange
after 2 h. After the solvent was removed under reduced pressure, the residual solid was dissolved in
acetone-ds (0.5 mL). 5-C4 was consumed completely and formation of 28-a (79%), 28-b (16%), and
unidentified complexes (ca. 5%) were observed in the *H NMR spectrum. Data for 28-b are as follows. 'H
NMR (400 MHz, acetone-ds, 23 °C): & 15.82 (d, 1H, Ju-n = 0.6 Hz, 15-CH), 8.83 (dd, 1H, J4-+=0.6,5.4
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Hz, -CMeCHCH), 5.29 (d, 1H, Ju-n = 5.4 Hz, -CMeCHCH), 2.57 (s, 3H, -CMeCHCH), 1.88 (s, 15H,
CsMes), 1.81 ppm (s, 15H, CsMes). Other signals were obscured by the signals derived from complex
28-a.

Photo-reaction of 5-C4 with NHa.

Hexafluorophosphate salt of 5-C4 (1.9 mg, 2.1 umol) and THF-ds (0.4 mL) were charged in an NMR
tube equipped with a J. Young valve. After the solution was frozen in a liquid nitrogen bat, the NMR tube
was degassed by a vacuum line. Then, 1 atm of NH3z was introduced into the tube. The solution was
irradiated with visible light (Rex-250, 436 nm) at ambient temperature. The solution truned from yellow to
gray after 3 h. 5-C4 was consumed completely and formation of 29-a (62%) and 29-b (38%) were
observed in the 'H NMR spectrum. Data for 29-a are as follows. *H NMR (400 MHz, acetone-ds, 23 °C):
8 16.29 (s, 1H, u3-CH), 8.23 (br, 1H, NH), 8.22 (d, 1H, Jun = 2.0 Hz, CHCMeCHN), 4.94 (dd, 1H, JuH =
2.0, 4.4 Hz, CHCMeCHN), 2.09 (s, 3H, CHCMeCH), 1.96 (s, 15H, CsMes), 1.85 (s, 15H, CsMes), 1.72
ppm (s, 15H, CsMes). Data for 29-b are as follows. 'H NMR (400 MHz, acetone-ds, 23 °C): 6 16.29 (s, 1H,
13-CH), 8.05 (d, 1H, J4-n = 4.2 Hz, CHCHCMeN), 3.65 (dd, 1H, Ju-+ = 1.4, 4.2 Hz, CHCHCMeN), 1.95
(s, 15H, Cp*), 1.84 (s, 15H, Cp*), 1.70 ppm (s, 15H, Cp*). NH signal was obscured by the signals derived
from complex 29-a.

Reaction of 4-C4 with NHa.
Preparation of [(Cp*Ru)s(u-NH2)(us-17': :7*-CHCMeCH)(us-CH)][PFs]2 (31)

Hexafluorophosphate salt of 4-C4 (30.6 mg, 28.7 umol) and CH2Cl, (5.0 mL) were charged in a 20 mL
Schlenk tube with a J. Young valve. After the solution was frozen in a liquid nitrogen bat, the NMR tube
was degassed by a vacuum line. Then, 1 atm of NH3 was introduced into the tube and the NMR tube kept
at 25 °C. The solution truned from brown to orange after 1.5 h. After the solvent was removed under
reduced pressure, the residual solid was dissolved in acetone-ds (0.4 mL). 4-C4 was consumed completely
and formation of 31 (48%), 5-C4 (29%), and unidentified complexes (ca. 23%) were observed in the *H
NMR spectrum. Analytically pure 31 was obtained by washing the precipitates three times with 5 mL of
THF (12.7 mg, 11.7 umol, 41% yield) as a green solid. Data for 31 are as follows. 'H NMR (400 MHz,
acetone-dg, 23 °C): 8 14.99 (s, 1H, us-CH), 9.80 (s, 2H, CHCMeCH), 2.42 (s, 3H, CHCMeCH), 1.96
ppm (s, 15H, CsMes). Other signals were obscured by the residual proton signals of acetone-ds.

Deprotonation of 31.

Hexafluorophosphate salt of 31 (10.0 mg, 9.25 umol), sodium methoxide (11.1 mg, 0.205 mmol), and
MeOH (7.0 mL) were charged in a 20 mL Schlenk tube with a J. Young valve. The solution truned from
green to orange after 20 min. After the solvent was removed under reduced pressure, the residual solid was
dissolved in THF (ca. 2 mL) and purified by column chromatography on alumina (Merck, Art. No. 1097)
using a mixed solvent of MeOH and THF (1/5 in volume ratio) as an eluent. The second green band
including 29-a was collected. After the solvent was removed under reduced pressure, the residual green
solid was dissolved in acetone-dgs (0.4 mL). 31 (87%) and unidentified complexes (ca. 13%) were observed
in the *H NMR spectrum.
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Photo-reaction of 3-C4 with CO.

Complex 3-C4 (0.3 mg, 0.4 umol) and THF (0.6 mL) were charged in an NMR tube equipped with a J.
Young valve. After the solution was frozen in a liquid nitrogen bat, the NMR tube was degassed by a
vacuum line. Then, 1 atm of CO was introduced into the tube. The solution was irradiated with visible
light (Rex-250, 436 nm) at ambient temperature. The solution truned from orange to reddish orange after 3
h. After the solvent was removed under reduced pressure, the residual solid was dissolved in C¢Ds (0.5
mL). 3-C4 was consumed completely and formation of 33-a (72%) and 33-b (28%) were observed in the
'H NMR spectrum. Data for 33-a are as follows. 'H NMR (400 MHz, benzene-ds, 23 °C): 6 7.48 (s, 2H,
-CHCMeCH-), 2.00 (s, 3H, -CHCMeCH-), 1.77 (s, 30H, CsMes), 1.50 ppm (s, 15H, CsMes). Data for 33-b
are as follows. 'H NMR (400 MHz, benzene-ds, 23 °C): & 7.74 (d, 1H, Jy-n = 5.5 Hz, -CMeCHCH), 4.43
(d, 1H, J4-n = 5.5 Hz, -CMeCHCH), 2.39 (s, 3H, -CMeCHCH), 1.76 (s, 15H, CsMes), 1.74 (s, 15H,
CsMes), 1.45 ppm (s, 15H, CsMes).

Photo-reaction of  3-C4 with benzene.
Preparation of an Equilibrated Mixture of (Cp*Ru)s(us-CO)(us-17%: ?(L)-PhCH.CCMe)(u-H) (34)
and (Cp*Ru)s(us-CO)(us-177: -PhCHCCMe) (u-H)2 (35).

Complex 3-C4 (9.6 mg, 0.013 mmol) and CsHs (0.5 mL) were charged in an NMR tube equipped with a J.
Young valve. The solution was irradiated with visible light (Rex-250, 436 nm) at ambient temperature.
The solution truned from orange to brown after 10 h. After the solvent was removed under reduced
pressure, the residual solid was dissolved in C¢Ds (0.5 mL). 3-C4 was consumed completely and formation
of 34 and 35 were observed in the H NMR spectrum. The ratio of 34 to 35 at 23 °C was estimated to be
69/31 on the basis of signal intensities of the *H NMR spectrum of the mixture. A single crystal used for
the diffraction study of 34 was obtained by recrystallization from a acetone solution of the mixture stored
at =30 °C. Data for 34 are as follows. 'H NMR (400 MHz, benzene-ds, 23 °C): 6 7.08 (t, 2H, Jy-n = 7.2
Hz, m-Ph), 7.02 (d, 1H, Ju-n = 7.2 Hz, p-Ph), 6.75 (d, 2H, Ju-n = 7.2 Hz,0-Ph ), 3.12 (d, 1H, Ju-n = 14.4
Hz, CHH"), 3.01 (s, 3H, Me), 2.83 (d, 1H, Ju-n = 14.4 Hz, CHH"), 1.88 (s, 15H, Cp*), 1.77 (s, 15H, Cp*),
1.52 (s, 15H, Cp*), —6.59 (s, 1H, Ru-H). 1*C NMR (100 MHz, benzene-ds, 23 °C): 6 266.5 (s, CO), 205.1
(s, outer-C), 142.1 (t, Jcn = 6.9 Hz, ipso-Ph), 130-123 (Ph), 93.5 (s, CsMes), 93.4 (s, CsMes), 90.4 (s,
inner-C), 89.3 (s, CsMes), 36.8 (t, Jc-n = 126 Hz, CHy), 26.6 (q, Jc-n = 125 Hz, CCH3), 11.0 (g, Jc-n =
125 Hz, CsMes), 10.7 (q, Jc-n = 125 Hz, CsMes), 10.3 ppm (g, Jc-n = 126 Hz, CsMes). IR (KBr, cm™):
veo 1665. Data for 35 are as follows. *H NMR (400 MHz, benzene-ds, 23 °C): & 2.71 (s, 1H,CH), 2.69 (s,
3H, CHg), 1.88 (s, 15H, Cp*), 1.74 (s, 15H, Cp*), 1.62 (s, 15H, Cp*), —16.63 (s, 1H, Ru-H), —23.05 ppm
(s, 1H, Ru-H). Five phenyl proton signals were obscured by the other phenyl proton signals.

Thermolysis of 11-C..

Complex 11-C4 (2.7 mg, 3.4 umol) and p-xylene (0.4 mL) were charged in an NMR tube equipped with a
J. Young valve. After the solution was frozen in a dry ice/methanol bath, the reaction tube was degassed by
a vacuum line. Then, 1 atm of argon was introduced into the reaction flask. The solution was stirred for 5
days at 120 °C. The solution truned from green to orange. Drying under reduced pressure afforded a
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mixture of 3-C3 (60%) and 3-C4 (26%),and unidentified complexes (ca. 14%) as an orange solid.

Thermolysis of 11-Cs.
Preparation of (Cp*Ru)a(u-CO)(us-17°-CsHs) (3-Ca).

Complex 2 (106.1 mg, 0.143 mmol) and toluene (25 mL) were charged in a 50 mL Schlenk tube. After
the solution was cooled in a dry ice/methanol bath, the reaction flask was degassed by a vacuum line. Then,
1 atm of propene was introduced into the reaction flask. The solution was stirred for 1 day at 80 °C. The
solution turned from dark brown to green. After the solvent was removed under reduced pressure, 25 mL
of p-xylene was added under an argon atmosphere. After the solution was cooled in a dry ice/methanol
bath, the reaction flask was degassed by a vacuum line. Then, 1 atm of argone was introduced into the
reaction flask. The solution was stirred for 1 day at 140 °C. The solution turned from green to orange.
After the solvent was removed under reduced pressure, the residual solid was dissolved in p-xylene (ca. 7
mL) and purified by column chromatography on alumina (Merck, Art. No. 1097) using p-xylene as an
eluent. The first yellow band including 3-Cs was collected. Dryness under reduced pressure gave 3-Cs as a
brown solid. Analytically pure 3-C3; was obtained from a hexane solution of the brown solid stored at
—30 °C (9.7 mg, 13 umol, 9%). Anal. Calcd for CssH4sORus: C, 52.63; H, 6.24. Found: C, 52.26; H, 6.27.

Protonation of 11-Ca.

Complex 11-C4 (13.6 mg, 17.2 umol) and Et;O (5 mL), and excess HBF4 (50-55 wt % in Et,O) were
charged in a 50 mL Schlenk tube. A greenish brown solid was immediately formed, and the precipitate was
rinsed three times with 2 mL of Et,O. The precipitate was then dried under reduced pressure, and 13.6 mg
of tetrafluoroborate salts of 37-C4 (92%) and 38 (3%), and unidentified complexes (ca. 5%) was obtained
as a greenish brown solid. Data for 37-C4 are as follows. *H NMR (400 MHz, acetone-ds, 23 °C): & 5.37
(dd, 1H, Ju-n = 10.2, 3.0 Hz, us-C=CEtH), 2.44 (m, 1H, -CH,CHj3), 1.91 (s, 15H, CsMes), 1.83 (s, 15H,
CsMes), 1.75 (s, 15H, CsMes), 1.48 (m, 1H, -CH.CHj3), 1.24 (t, 3H, J4—n = 7.6 Hz, -CH,CHj3), —-15.79 (s,
1H, Ru-H), —18.98 ppm (s, 1H, Ru-H). *C NMR (100 MHz, acetone-ds, 23 °C): 6 324.6 (5, u3-C=CEtH),
248.7 (s, CO), 101.1 (s, CsMes), 101.0 (s, CsMes), 98.9 (s, CsMes), 87.1 (d, Jc-n = 156 Hz, 13-C=CEtH),
18.9 (q, Jc-n = 130 Hz, -CH3), 11.6 (q, Jc-1 = 128 Hz, CsMes), 10.9 (q, Jc-n = 128 Hz, CsMes), 9.8 ppm (q,
Jc-n = 128 Hz, CsMes). One methylene carbon signal derived from the us-butenylidene group was
obscured by the carbon signal of acetone-de. IR (KBr, cm™): vco 1775.

Protonation of 16-a.

Complex 16-a (30.7 mg, 38.8 umol) and Et;O (10 mL), and excess HBF4 (50-55 wt % in Et,0O) were
charged in a 50 mL Schlenk tube. A greenish brown solid was immediately formed, and the precipitate was
rinsed four times with 5 mL of Et,O. The precipitate was then dried under reduced pressure, and 21.5 mg
of tetrafluoroborate salts of 37-C4 (85%) and 38 (3%), and unidentified complexes (ca. 12%) was obtained
as a greenish brown solid.

Thermolysis of 37-Ca. Preparation of [(Cp*Ru)s(us-CO)(us-1°-CsMeH.) (u-H)][BF4] (39)
Complex 16-a (99.2 mg, 124.9 gymol) and Et,O (40 mL), and HBF4 (50-55 wt % in Et,0O, 85 L, 625
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umol) were charged in a 50 mL Schlenk tube. A greenish brown solid was immediately formed, and the
precipitate was rinsed four times with 5 mL of Et,O. The precipitate was then dried under reduced pressure,
and 114.5 mg of tetrafluoroborate salts of 37-C. (85%) and 38 (3%), and unidentified complexes (ca.
12%) was obtained as a greenish brown solid. Then, the greenish brown solid and MeOH (10 mL) were
charged in a 20 mL Schlenk tube with a J. Young valve. After the solution was cooled in a dry
ice/methanol bath, the reaction flask was degassed by a vacuum line. Then, 1 atm of argone was
introduced into the reaction flask. The solution was stirred for 66 h at 100 °C. The solution turned from
greenish brown to brownish orange. After the solvent was removed under reduced pressure, the residual
solid was dissolved in THF (ca. 15 mL) and purified by column chromatography on alumina (Merck, Art.
No. 1097) using acetonitorile as an eluent. The first yellow band was collected. Drying under reduced
pressure afforded a 44.7 mg amount of a mixture of tetrafluoroborate salt of 39-C4 (83%) and unidentified
complexes (ca. 17%) as an orange solid. Analytically pure 39-C, was obtained from an acetone/Et,O
solution of the mixture stored at ambient temperature (28.4 mg, 32.4 umol, 26%). A single crystal used for
the diffraction study was prepared from an acetone/ Et,O solution of 39-C, stored at ambient temperature.
Data for 39-C;-a are as follows. *H NMR (400 MHz, acetone-ds, 23 °C): 6 7.55 (s, 2H, CsMeH,), 1.84 (s,
30H, Cp*),1.84 (s, 3H, CsMeH,), —12.94 ppm (s, 1H, Ru-H). IR (KBr, cm™): vco 1707. Data for 39-C4-b
are as follows. 'H NMR (400 MHz, acetone-ds, 23 °C): 8 7.65 (d, 1H, Ju-n = 3.6 Hz, CsMeHH ), 5.20 (dd,
1H, Ju-n = 2.0, 3.6 Hz, CsMeHH"), 2.49 (s, 3H, CsMeHH "), —12.94 ppm (brd, 1H, Ru-H). Anal. Calcd for
CasHs1OBFsRus: C, 47.89; H, 5.86. Found: C, 47.92; H, 5.69.

Deprotonation of 39-Ca.

Tetrafluoroborate salt of 39-C4 (9.7 mg, 0.011 mmol), potassium carbonate (15.8 mg, 0.114 mmol, 10.3
eq), and THF (5 mL) were charged in a 50 mL Schlenk tube. The solution was stirred for 1 day at 60 °C.
The solution turned from yellow to orange. After the solvent was removed under reduced pressure, the
residual solid was dissolved in toluene (ca. 2 mL) and purified by column chromatography on alumina
(Merck, Art. No. 1097) using toluene as an eluent. The first yellow band including 3-Cs was collected.
Dryness under reduced pressure afforded 3-C. (3.9 mg, 4.9 umol, 45% yield) as an orange solid.

X-ray Diffraction Studies.

Single crystals used for the X-ray analyses were obtained from the preparations described above and
mounted on nylon Cryoloops™ with Paratone-N™ (Hampton Research corp.). Diffraction experiments
were performed on a Rigaku R-AXIS RAPID imaging plate diffractometer with graphite-monochromated
Mo-Kea radiation (4 = 0.71069 A). Cell refinement and data reduction were performed using the
PROCESS-AUTO program.® Intensity data were corrected for Lorentz-polarization effects and absorption.
The structures were solved by the Direct method using SHELXT and further refined with SHELXL.* All
non-hydrogen atoms were found by the difference Fourier synthesis and were refined anisotropically. The
refinements were carried out by least-squares methods based on F2 with all measured reflections. Crystal

3 PROCESS-AUTO (1998). Automatic Data Acquisition and Processing Package for Imaging Plate Diffractometer. Rigaku
Corporation, Tokyo, Japan.
4 Sheldrick, G. M. Acta Crystallogr., Sect. A: Found. Adv. 2008, 64, 112-122.
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data and results of the analyses are listed in Table S-2.

Variable-Temperature NMR Spectra and NMR Simulations.

Variable-temperature NMR studies were performed in NMR tubes equipped with a J. Young valve using
a Varian INOVA-400 Fourier transform spectrometer. The NMR simulation for the *H NMR spectrum of
16-a recorded at 25 °C was performed using gNMR v5.0.6.0 (2006 Ivory Soft). Final simulated line
shapes were obtained via an iterative parameter search on the coupling constants. The NMR simulations
for the temperature-dependent Cp* signals of 18-C,Ph were also performed via an iterative parameter
search on the exchange constants ki and kz, which were the rates for the site exchange of the hydride and
the rotation of the phenylacetylene ligand, respectively. The NMR simulations for the
temperature-dependent Cp* and methylene signals of 21-CO were also performed via an iterative
parameter search upon the exchange constants k, which was the rate for the rotation of the
us-1?-benzylideneamido ligand. The activation parameters AH* and AS* were determined from the plot of
In(k/T) versus 1/T. Estimated standard deviations (o) in the slope and y intercept of the Eyring plot
determined the error in AH* and AS#, respectively. The standard deviation in AG* was determined from the
formula o (AG*)? = o (AH*)? + [To (AS¥)]? — 2T o (AH*)- o (AS*).

Computational Details.

Density functional theory (DFT) calculations were carried out at @B97X-D level in conjunction with the
Stuttgart/Dresden ECP® and associated with triple- SDD basis sets for Ru. For C, H and O, 6-311G(2d,p)
or 6-31(d) basis sets were employed. No simplified model compounds were used for the calculations. The
molecular structures were drawn using the GaussView version 5.0 program.® All calculations were
performed using the Gaussian 09 software suite.” Frequency calculations at the same level of theory as
geometry optimizations were performed on the optimized structure to ensure that minima exhibit only
positive frequency.

5 Andrae, D.; HauRermann, U.; Dolg, M.; Stoll, H.; PreuR, H. Theor. Chim. Acta 1990, 77, 123-141.

6 R. Dennington, T. Keith, J. Millam, Semichem Inc., Shawnee Mission KS, 2009.

7 M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B.
Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. 1zmaylov, J. Bloino, G. Zheng, J. L.
Sonnenberg, M. Hada, M. Ehara, K.Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakali,
T. Vreven, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant, S. S. lyengar, J. Tomasi, M. Cossi, N.
Rega, J. M. Millam, M. Kleng, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O.
Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. \oth, P.
Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, and D. J. Fox,
Gaussian, Inc., Wallingford CT, 2009.
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Table S-2. Crystallographic Data. (1/5)

2 3-Cs 11-C,
(a) Crystral data
Empirical formula Cs1Hs0Rus Cs4H4s0Ru3 CssH4sORus
Formula weight 739.90 775.93 763.92
Cyrstal description Block Platelet Platelet
Crystal color Black Orange Green

Crystal size (mm)
Crystalizing solution
Crystal system
Space group

a(A)

b (A)

c(A)

a(®)

BC)

7()
Volume (A3)
Z value
Dcalc (g/cm?)
Measurement temp. (°C)
1 (MoKa) (mm™)

(b) Intensity measurements

Diffractometer
Radiation
Monochrometer
26max (°)
Reflections collected

Independent reflections

Reflections observed (>20)

Abs. Correction type

Abs. Transmission

(c) Refinement (ShelxI)
Ri (1> 24(1))

wR2 (1 > 24(1))

R1 (all data)

WR2 (all data)

Data /
Parameters

GOF

Restraints

Largest diff. Peak and hole

0.29 x 0.21 x 0.10
Hexane (30 °C)
Monoclinic

P2i/c (#14)
11.0481(3)
15.8251(4)
34.6098(9)

90.8470(10)

6050.4(3)
8

1.625
-130
1.499

Rigaku R-AXIS RAPID
MoKa (1 =0.71069 A)
Graphite

55

94681

13865 (Rint = 0.0391)
13097

Empirical

0.6839
(max)

(min), 1.0000

0.0241
0.0561
0.0257
0.0568

13865 /150 / 796

1.081
1.157 and —-0.356 e.A-3

0.18 x 0.17 x 0.06
Hexane (-30 °C)
Triclinic
P-1(#2)
8.2312(5)
10.9852(6)
17.9327(11)
89.861(6)
84.992(6)
72.287(5)
1538.23(16)

2

1.675

-150

1.479

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

15026

6989 (Rint = 0.0364)
5511

Numerical

0.8251  (min),
(max)

0.0338
0.0672
0.0532
0.0725

6989 /621 / 658

1.015
1.170 and -0.763 e.A-3

0.9123

0.13 x 0.07 x 0.02
Hexane (-30 °C)
Monoclinic

C2/c (#15)
19.9767(10)
11.9683(5)
27.2163(12)

103.979(7)

6314.4(5)
8

1.607
-150
1.440

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

30114

7189 (Rint = 0.0652)
5301

Numerical

0.8878  (min),
(max)

0.9682

0.0467
0.0940
0.0753
0.1036

7189 /150 /453

1.027
4.478 and —1.847 e. A3
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Table S-2. Crystallographic Data. (2/5)

11-Cy 11-Cs 13

(a) Crystral data
Empirical formula CssHs20Rus CssHs4ORu3 CssHs0ORus
Formula weight 791.97 806.00 765.94
Cyrstal description Block Platelet Platelet
Crystal color Green Green Black
Crystal size (mm) 0.32 x0.29 x 0.22 0.28 x 0.23 x 0.05 0.21 x0.14 x 0.06
Crystalizing solution Hexane (30 °C) Hexane (-30 °C) THF (-30 °C)
Crystal system Monoclinic Monoclinic Orthorhombic
Space group P21/n (#14) C2/c (#15) Pnma (#62)

a (A 11.0462(4) 20.2988(7) 11.9558(3)

b (A) 19.1105(8) 11.6205(3) 19.0833(5)

c(A) 16.2092(7) 29.2649(7) 13.4363(4)

a(®)

B 105.264(7) 97.529(7)

7(°)
Volume (A3) 3301.0(3) 6843.6(4) 3065.57(14)
Z value 4 8 4
Dcalc (g/cm?) 1.594 1.565 1.66
Measurement temp. (°C) -130 -110 -150
1 (MoKa) (mm™) 1.380 1.333 1.483

(b) Intensity measurements

Diffractometer
Radiation
Monochrometer
26max (°)
Reflections collected

Independent reflections

Reflections observed (>20)

Abs. Correction type

Abs. Transmission

(c) Refinement (Shelxl)
Ri (1> 24(1))

wR2 (1 > 24(1))

R1 (all data)

WR2 (all data)

Data /
Parameters

GOF

Restraints

Largest diff. Peak and hole

Rigaku R-AXIS RAPID
MoKa (1 =0.71069 A)
Graphite

55

32375

7541 (Rint = 0.0364)
6731

Numerical

0.6997  (min),
(max)

0.8361

0.0248
0.0552
0.0311
0.0574

7541/0/393

1.038
1.215 and -0.855 e.A-3

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

33351

7827 (Rint = 0.0298)
6809

Numerical

0.8039  (min),
(max)

0.0259
0.0593
0.0337
0.0628

7827/0/388

1.049
1.591 and —-0.798 e. A3

0.8952

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

46082

3591 (Rint = 0.0494)
3227

Empirical

0.7085
(max)

(min), 1.0000

0.0340
0.0827
0.039%4
0.0856

3591/105/211

1.054
1.080 and —0.953 e. A3
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Table S-2. Crystallographic Data. (3/5)

14 16-a 18-CzPh
(a) Crystral data
Empirical formula CssHs20Rus CssHs4ORu3 CsoHs20Rus
Formula weight 791.97 793.99 840.01
Cyrstal description Platelet Platelet Platelet
Crystal color Brown Purple Brown
Crystal size (mm) 0.15 x 0.10 x 0.07 0.25 x 0.24 x 0.03 0.15 x 0.15 x 0.03
Crystalizing solution THF (=30 °C) Toluene (-30 °C) Hexane (30 °C)
Crystal system Triclinic Orthorhombic Monoclinic
Space group P-1(#2) Pbcm (#57) C2/m (#12)
a (A 8.5339(4) 10.8524(2) 17.1450(8)
b (A) 11.0477(5) 16.5784(3) 18.0527(7)
c(A) 18.0862(9) 18.0031(3) 11.4019(5)
a(®) 89.3870(10)
B 85.913(2) 102.195(7)
7(°) 73.041(2)
Volume (A3) 1626.78(13) 3239.04(10) 3449.4(3)
Z value 2 4 4
Dcalc (g/cm?) 1.617 1.628 1.618
Measurement temp. (°C) -150 -130 -130
1 (MoKa) (mm™) 1.400 1.406 1.326

(b) Intensity measurements

Diffractometer
Radiation
Monochrometer
26max (°)
Reflections collected

Independent reflections

Reflections observed (>20)

Abs. Correction type

Abs. Transmission

(c) Refinement (Shelxl)
Ri (1> 24(1))

wR2 (1 > 24(1))

R1 (all data)

WR2 (all data)

Data /
Parameters

GOF

Restraints

Largest diff. Peak and hole

Rigaku R-AXIS RAPID
MoKa (1 =0.71069 A)
Graphite

55

16270

7397 (Rint = 0.0348)
5992

Empirical

0.6050
(max)

(min), 1.0000

0.0330
0.0778
0.0451
0.0855

7397 /599 /680

1.063
1.701 and —0.970 e.A-3

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

73

93876

3829 (Rint = 0.0315)
3679

Numerical

0.7887  (min),
(max)

0.0726
0.1890
0.0738
0.1898

3829 /315/ 344

1.034
11.840 and —1.498 e. A3

0.8973

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

17240

4076 (Rint = 0.0287)
3653

Numerical

0.8440  (min),
(max)

0.9472

0.0208
0.0457
0.0264
0.0471

4076 /105/ 274

1.065
0.496 and —0.364 e. A3
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Table S-2. Crystallographic Data. (4/5)

19 21-CO 29-a
(a) Crystral data
Empirical formula Cs4Has0Ru3 C3sH53NORus CssH72NBRus
Formula weight 775.93 843.02 1109.19
Cyrstal description Platelet Platelet Platelet
Crystal color Orange Brown Brown
Crystal size (mm) 0.13 x 0.09 x 0.07 0.15x0.13 x 0.09 0.17 x 0.08 x 0.03
Crystalizing solution Toluene (—30 °C) THF (30 °C) Acetone/Et20 (rt)
Crystal system Triclinic Triclinic Triclinic
Space group P-1(#2) P-1(#2) P-1(#2)
a(A) 8.3176(6) 11.1921(5) 12.4455(5)
b (A) 11.3133(10) 17.6387(9) 14.3432(5)
c(A) 18.0864(15) 19.2657(8) 15.2154(7)
a(°) 86.035(3) 86.833(2) 101.073(7)
B 84.297(3) 87.4520(10) 104.650(7)
7(°) 65.900(2) 69.9030(10) 98.451(7)
Volume (A3) 1545.1(2) 3565.0(3) 2523.6(2)
Z value 2 4 2
Dcalc (g/cm?) 1.668 1.66 1.460
Measurement temp. (°C) -150 -110 -130
1 (MoKa) (mm™) 1.472 1.284 0.925

(b) Intensity measurements

Diffractometer
Radiation
Monochrometer
26max (°)
Reflections collected

Independent reflections

Reflections observed (>20)

Abs. Correction type

Abs. Transmission

(c) Refinement (ShelxI)
Ri (1> 24(1))

wR2 (1 > 24(1))

R1 (all data)

WR2 (all data)

Data /
Parameters

GOF

Restraints

Largest diff. Peak and hole

Rigaku R-AXIS RAPID
MoKa (1 =0.71069 A)
Graphite

55

15033

6960 (Rint = 0.0499)
4943

Empirical

0.6330
(max)

(min), 1.0000

0.0578
0.1255
0.0914
0.1538

6960 / 201 / 487

1.101
1.548 and -1.941 e.A-3

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

57240

16303 (Rint = 0.0746)
12056

Empirical

0.6262
(max)

(min),

0.0509
0.1080
0.0769
0.1202

16303/0/762

1.041
1.218 and -1.214 e. A3

1.0000

Rigaku R-AXIS RAPID
MoK (4 =0.71069 A)
Graphite

55

24862

11489 (Rint = 0.0452)
8423

Numerical

0.8977  (min),
(max)

0.9682

0.0461
0.0866
0.0774
0.0951

11489 /0 /686

1.033
1.137 and -0.740 e. A3
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Experimental Section

Table S-2. Crystallographic Data. (5/5)

31 39-Cs-a

(a) Crystral data

Empirical formula CesHoaNB2RuUs CasHs10BF4RUs
C4H100

Formula weight 1503.53 877.77

Cyrstal description Block Block

Crystal color Green Orange

Crystal size (mm)
Crystalizing solution
Crystal system
Space group

a(A)

b (A)

c(A)

a(®)

B

7 ()
Volume (A3)
Z value
Dcalc (g/cmd)
Measurement temp. (°C)
1 (MoKa)) (mmt)

(b) Intensity measurements

Diffractometer
Radiation
Monochrometer
26max (°)

Reflections collected
Independent reflections

Reflections observed (>20)

Abs. Correction type

Abs. Transmission

(c) Refinement (ShelxI)
Ri (1> 24(1))

wR2 (1 > 205(1))

R1 (all data)

WR2 (all data)

Data /
Parameters

GOF

Restraints

Largest diff. Peak and hole

/

0.19 x 0.18 x 0.07
Acetone/Et20 (rt)
Monoclinic
P2i/n (#14)
14.1669(4)
27.6809(6)
18.6840(5)

94.278(7)

7306.6(3)
4

1.367
-130
0.660

Rigaku R-AXIS RAPID
MoKa (4 =0.71069 A)
Graphite

55

114943

16752 (Rint = 0.0656)
12554

Numerical

0.9062  (min),
(max)

0.9608

0.0411
0.0887
0.0642
0.0977

16752 /414 /1235

1.009
1.507 and -1.155 e.A-3

0.30 x 0.21 x 0.08
Acetone/Et20 (rt)
Orthorhombic
Cmca (#64)
18.6669(3)
15.8059(3)
23.3917(5)

6901.7

1.690
-150
1.345

Rigaku R-AXIS RAPID
MoK (4 = 0.71069 A)
Graphite

55

33492

4079 (Rint = 0.0297)
3932

Numerical

0.7716  (min),
(max)

0.9120

0.0275
0.0686
0.0283
0.069

4079/22/270

1.113
1.292 and -1.255 e.A-3
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