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2 % E7 £uFlA [Cp*RuCk](l, Cp*=n’-C:Mes)st COE HHEAIA A1) 37F stz nd ¥
HEAE Cp*RuCOICLRYE TAsHIL Arishee] 2o aie doial 2@ faA|IZAE he
1.81 BM.O& o] £ah #-& o] 2] ¢k Azt U0 Sl 799 A9 dAsigdch 252 274 &
o) Zoll 4] KBrake] whg-ol| o]& 37}e) tju 2w fe)F 3 Cp*Ru(CO)Br(3)e.2 HBHG v, EFA &%
o4 EAH}| ukgol dME HkxlZ|AQl 27} FHIEEAE Cp*Ru(CO)PR;)Cl(4a~de, PR;=PMe;, PE;,
PMePh,, PPh;, PCy,)& A L=}

ABSTRACT. Novel carbonylruthenium (IIT) complex Cp*Ru(CO)CL(2, Cp*=1’-CsMe;) was synthesized by
the reaction of [Cp*RuCl,](1) with CO in toluene. The effective magnetic moment (v.;=1.81 B.M.) derived from
the magnetic susceptibility measurement of the complex (2) was consistent with the presence of one “single” un-
paired electron. Dibromocarbonylruthenium (III) complex Cp*Ru(CO)Bry(3) was obtained by the reaction of com-
plex (2) with KBr in toluene. Complex (2) was easily reduced by the reaction with phosphine in toluene to give
the corresponding Ru (1) complex Cp*Ru(CO)(PR;)Cl (4a~4¢, PR,=PMe;, PEt;, PMePh,, PPh;, PCys;).
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£ Agoxe BE 232 of2 3 E47]5 A
Schlenk”7|*].o.2 3t Luie ALEE7] Ao
F8%) we} gAlste] Agslgm, Aloke AwE
19 £ 5F Aloks AASA o3 2 A3}
oAt

==L Gallenkamp Melting Point Apparatus&-
AHgsto] AR o2 stellA] RATol Po) 2
Arelloll 4] &) 3lgl 1, IR 2% E8}= Perkin-Elmer
1320 A A B33} 5 A 2 Alg-3}o] KBr disk® o2
4,000~600 cm™9] 31 Welel A A st ord, 'H-
NMR ~# Egl= JEOL FX-100 Spectrometer(100MHz)
§ AHg-ste] Wi TMS 928 7182810 che-
mical shift 8312 ppm<t = B st} zp7)3k&
& Shimadzu M-1008] x}7)8-&-2A 2 AL43}
o] Folw’oZ A3} 4] pg=2.839(X'y) " T 2.
2RE FRAIZAES Ty, ZAzE0tE
@9 Shimadzu-GC Mini 3 #A}7]d|A Car-
bowax 20 32 OV-17& A% FAEME A1
aysged, 4arde dB $ATRU A
seedTa AerAddl olFaidich. 2928
[CP*RuCL (1) #8%7o) wlz} gAdstdct.

Cp*Ru(CO)CL(2)2] BIM. o}=3 %= Sch-
lenk®}-8-ell [Cp*RuCl;]»(1)(0.30 g, 0.98 mmol)z}
2290 20 mLS 718} Tksisict o) Aeke g o)
wrg-sejololol s BAIZH ALo2 se] £3 4
Fepol o2 g AWE AT hE § 3Ea
o QAT 15 FAL Eslel COF WIWHE F
AP kA AL AR ALl
A kg Aah whg Al SPeld Ao,
2 3 wskglch. ke 903 A A% 3 2t
st So1E AT YA Su2A 8
A8 FANEL 25 AHT F Az 2E
2y AEA 2AZA AYcH0.15 g, T5F 47%).

Decomp.; 145°C ¢]A}

IR(KBr, cm); 2960, 2910, 2030, 1640, 1465,
1420, 1365, 1215, 1070, 1015, 995, 790.

A2 CH;s0CLRu L 24

AAE=] C:39.39, H:4.05, C1:21.12
B A=) C:39.67, H:4.28, C1:20.43
FAAZI 2HE 1g=1.81 BM.

o

Cp*Ru(CO)Br,(3)2} #H4. <" 1> of2
%25l Schlenk®¥H2-%hol] Cp*Ru(CO)CLy(2)(0.21 g, 0.
62 mmol)®} EF<ll 20 mL-& 715t multaisich. o]
getolel] #eke] KBr(0.39 g, 3.12 mmol) 7|3l
ety Aol ubgAZE A HA e W)
AAck. R 9087 Al F tsledAM SulE
AAst T QAsedalo s PHES 352 o 4
5 A AT} o] TAE Tl 2 G2
F83) AL = Aistsleld Azt AEE)yE AR}
A 7 A 24 ALYLHO0.14 g, $E5-F 52%).

<3t 2> o} 2 x|%H¥ Schlenkuhg- ol #3°
of wet A" ZHE [Cp*RuBry]y(0.200 g, 0.505
mmole)® EF-4l 20 mLE 7}5t3 COE$]7]3}ol A
<A 1>3 22 apio R ubgAlA sl
E23)E HAAe zAZA AUcH015g F5F
70%).

Decomp.; 200°C o)A}

IR(KBr, em™; 2960, 2905, 2020, 1610, 1460, 1415,
1360, 1210, 1070, 1010, 993, 790.

A4EA; CHisOBrRu. 24

A4z} C:31.15, H:3.56, Br:37.68
B3] C:31.47, H:3.72, Br:39.35

FEA|EHE =191 BM.

Cp*Ru(CO)(PMe;)Clda)2] BHA. ol2Z %
&k 50 mL Schlenk4H--Zoll Cp*Ru(CO)CL(2)(0.20 g,
0.60 mmol) % EF< 20 mLE 7}slz wukslgdct
o] ¥etdlol] PMeso] EF-A84-4(%F 0.72 mmol)ys
7¥etz mibsbd b whEAZE A gaog
WA sledeh. aNbE 12417 AERE F, 21tetellA
4l E AASLL tdddellelE S 2 34 A4 E
S F&(25 mLx23))3dct. o] 5 7Aststel
Al F33t] toddul2g ANgvl A3l
ALO;(Merk Art. 1097) @ ZZrtE 192 P&
< 2] AAY F 408 AAste, of7)d F2S
EE-H4 EgEvlE QA AEdayE 3
o] Ze]ZA A 0 2 AUTHO.11 g, 555 56%).

IR(KBr, cm™); 2960, 2900, 1908, 1430, 1415, 1370,
1250, 1085, 1020, 940, 790.

Cp*Ru(CO)(PEL)CI@b)2] &AM, =-E(2)0.20
0.60 mmol)2} PE3(0.09 g, 0.72 mmol) ¥ E3-q
mLE AH8-3ted(da)e] A 2L whHog wl
AA A2 3 222 ek Egeva HAA
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Cp*Ru(CO)CL(Cp*=n’-C;Mes)2t-52] 433} Tagate] ukg 641

3to] Z-E@b)S 3] PR o zA AFleh0.12

g, SEF 48%).

IR(KBr, cm-1); 2960, 2900, 2870, 1907, 1450,
1415, 1370, 1250, 1090, 1065, 790, 745, 715.

Cp*Ru(CO)PPh,Me)Cld0)2] #tA. =E(2)0.21
g, 0.63 mmol)2} PPh,Me(0.15 g, 0.75 mmol) @ E-F
Al 20 mLE AME-3led(4a)e] AT 2 Wb
2 HRAIA Ay ¥ FREE XS EY4VE
AR AE@rE Y] AFAFoRA A3
th0.12 g, 55§ 48%).

IR(KBr, cm™); 3040, 2950, 2900, 1910, 1470, 1430,
1370, 1090, 1065, 1020, 885, 715, 685.

Cp*Ru(CO)(PPhy)C1dd)2] M. #Z(2)(0.15g,
0.49 mmol)¢} PPhs(0.14 g, 0.54 mmol) ¥ EF<l 20
mLE A}8-3ted(da)e] A e e uks
AA Helgt 3 F22 ¥ E-A0% E3h4nl 2 AEA
3] AF@ADE A9 AR R A
(0.14 g, =8 55%).
* IR(KBr, cm™); 3040, 2950, 2900, 2850, 1925, 1585,
1475, 1430, 1370, 1300, 1255, 1180, 1110, 1085, 1020,
790, 740, 715, 690

Cp*Ru(CO)PCy;)Clde)2] BHM. 2E(2)021g,
0.63 mmol)2} PCy;(0.20 g, 0.71 mmol) ¥ EF-l 20
mLE AH§-31ed(4a)0] A} 2w o E uhg-
AlA Mgt ¥ FE2xE-Ag Eg4dE A4
Asto] 2AE(deyE AN AAAA o EA A
(0.20 g, 555 58%).

IR(KBr, cm™); 2920, 2840, 1905, 1440, 1370, 1250,
1080, 1015, 790.
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£ dubd e 2 §1.5~2 ppmAtele| E7F2 A sharps}
A B2 & v)sle 222)°] 'H NMRAH
o4& Cp*Ru(PRy)CLAE’5} vhat7kx] 2 A7 1A
A5 EAAQ] wf$ £ ¢ A1 (w1/2=30Hz)
o] vlelyty 1 chemical shift® A8} gkt
o]#3F ¥ALE Jul e g Aalr]|Al ZE-2] chem-
ical shifty= %ol wj¢ 7I7}sl7] wlFojctu de
A glem Cp*Fe(PMes)acac)iH-Eoll % o]2gt &
Aol Bug ub ek’ 22 @)e] Yais A 24
2)(C:39.39, H:4.05, Cl:21.12)= A4F=](C:39.67, H:
4.28, C1:20.43)2} A2 A=)3}79)r}

A5(2)9] FAFEQ FelFY A 37)0]
B2 &'y 5] He}. 'Y e AapiAE ¥
> 293 F& A9 Fr1A] rhsAde] 9le] A
HYE AM3 {FEAPIRNES AR A3 1.
81 BM.o] foiHr}. o] 3k &° F& ~uy 259
o] £x] 1.73 BM.3} A2 dx|stx glo] #E(2)9]
ARz g o] 52 92 AAt 1] gl uiA
£ #Astz slckx A=

FH A1 uhgelld FAAFEQA o] 3N &
A Rl FEAYE ATt &, 34 oo
< ZhststolA] Azska ALO; # A2RtE TR
AAFE F deldele2 S 24 AAA 3] o]
2l A AL B3 A IR AFEH M= A
o} CO2l $<:(2010, 1940 cm™ W}, '"H NMRA# &3
AA = 81.91 ppmel] CsMes7]ol| @3l wddAdo]
P e ol FHlE F/19 €O el ti7t
2R FEFEE Cp*Ru(CO)CLE A= e}
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o] tj7l2 R FHEFAE Cp*Ru(CORCI- A
g 37} A2 d el AR Q) oA vEEAl el
FAshE COgt Hhg-3te] AAAE 27fe] &4 A E
olr o] AEQR)E ¥t EFA & FollA
COE ukgA7Id ti7bzrdRHE3E Cp*Ru
(CO)Clo] AR = AMS AYE B3l FAF
F olgdeh aele2 A1) e vheAlIzke] A
oiz)A =Hw FAANEL AEQYE CO vkt
AHa rlardFeFAE  Cp*Ru(CO,CIAHE4)
2 A=) go] Yol A =i Whg-Al7ke] 15
e Al vlukg-o) d8AE)e] 49905 7t
SA30] glo] AFA R 904 A x| uk-g-A|7to] F
] 2730]% e}

Cp*Ru(CO)CL(2)2} KBrifo] HIZ. 37}9] t]F
2Esl2 v dZhFAEQ2)E 79 SEd
2] KBr} vh3-A17|H o) &3k 3718 rlugmyt
21ryd 2HFAE Cp*Ru(CO)Br3)E A= dct
1 2).

KBr

Cp*Ru(CO)Cl,
Toluene

Cp*Ru(CO)Br; (2)

B3 Hrpae] 1A 24 F7]Fel A= v A
g BAolgi o} Sl = of2 T 47
sl HAE Balsteleh. AEE)e] Raw =3
ol FelFel w9l €02l F4571 2,020 em™oll
A TA 597, CDClLEu Fellx 243 'H NMR
M E APIAEL S8 Qe Aadoe]

don YrEAL 3 Az} BAA(C:3147, H:
3.72, Br:39.35)x= o] &x](C:31.15, H:3.56, Br:37.68)2}
72 dx3kict §EA7] 2HEE 191 BM.9] 3t
& elile] Be o123 g AxE VHglE &Y
Az Hh gle-& Uil

tji g wrtz wdaE3)e] HEe) AR
= [Cp*RuChl(1) ZE-S Brst WHEAIA MAAE =
E2|B2w g [Cp*RuBnlS olehE-2A 4]
71H tlHERAE [Cp*RuBr)] Feix&d] of

CO
Toluene

[Cp*RuBr;], Cp*Ru(CO)Br, (3)

Cp*Ru(CO)CL(2)Q} ZATTOf HtE. 37} 7}=

BAAEQ)9} MR JAA o] chekdt 228
The] Hhg-& A EsG . FEQ2) EFA Yol
PMe;o) EFal 4.8 7lsta ambshd 724 ¢]
uhgollo] ZA] Ao 2 Wl ukgo] A agc
10417 Aol 4] WhS-A1 2] 3 7h3dstoll 2] S0l & A
7stx, vk 35l Yol dole 25 shste] QA
ES FE319 FFA2 ohg, vl 2E 2
Lo 2ate] ALO; W ZRvlESZ AAF F,
dslvidal-dgt Eghgmiz AAAEE Cp*Ru
(CO)(PMe;)Cl(4a) ZH-5o] 3HA 8] mej&it Ao
deizict.

A5 (4a)2] LR AHEH & CMes 2 PMey7loll
71Q8he F459 3 veort 1,980 cmoll A} A
i, CDCl, £9|F6|4 233 'H NMRA®EZ o
A& 81.78 ppmellA] CsMes?)7F *'P9}] couplingo]
28l 0]24 (*lp=1.4H,) .2 51.49 ppmeil A= PMe;
7} *'Ps}e] couplingel] 2] ©15A (Tpy=9.TH) 02
AEn] 1592 ARHh PR FAA(C
44.45, H:6.55, C1:11.84)%= A|Ax](C:44.74, H:6.44, Cl:
9.43)0} A< dx]5kdct.

Hlsdh 22304 37} steud ek A
A MA Aol Mz o diEY 3F x2ds
ke AA ol-gshs FeHlE 2712 Cp*Ru(CO)PR3)Cl
(4b~de, PR;=PEt;, PPh,Me, PPh;, PCy3)3] #H5-& n.%
3 YA T2 ze|EApe] Aoz vk 4).

CP*RUCOYCl, 3
u ——-
P > “Toluene

PR3=PM63, PEt3, PthMe, PPh3, PCy3

Cp*Ru(CO)(PR;)Cl
4

doiAl A& (4b)~(4e)= T FEHlF 271 ukzlr]
A AERA Qo] B E AR e & A
&2 glth. IR 2H =M 1,900~1,930 cmof]
ZelFol wiglg o9 §7 #4s9, 'H NMR
o A= PR;2) =29} A CsMes7]9] 15H7) *'pe}
2] coupingell]s] 81.5~1.8 ppmell ©1FA(‘IPH=
1.2~1.8Hz)2 2 Jejyich. o] & A&l i3t 58,
+3 2 9284 dlo]elE Table 10, R ¥ 'H-
NMR d|o]e}S Table 2o Z+zt vyehiigic). Table
2914 Cp*Ru(CO)PR:)CIE AEE2] veodl &5
bandE W] ZES] B, veors PR} AAFFAA
22718 FPASE G g5ZA] velsd] o)

AL 2249 B EY AAUEES =3 sl2n
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Cp*Ru(COYCL{Cp*=n’-C;Mes)2H &) A s EAwte] dbS- 643

Table 1. Yields, M.P. and Analytical Data for Cp*Ru(CO)(PR3)Cl (4)

Compound Elemental analysis® (%)
. 0
No. PR, yield (%) M.P. (°C) C = a
(4a) PMe; 513 168 44.45 (44.74)  6.55 (6.44) 11.84 (9.43)
(4b) PEt; 48.0 102 48.49 (48.86) 7.37 (7.24) 9.16 (8.48)
(4c) PMePh, 51.1 159 57.90 (57.54) 5.78 (5.43) 8.98 (7.08)
(4d) PPh; 55.1 210° 60.70 (61.97) 5.45 (5.34) 6.84 (6.32)
(4e) PCy; 58.0 160° 60.36 (60.03) 8.01 (8.34) 6.77 (6.11)
* Calculated values in parentheses. "decomposition temperature.
Table 2. "H NMR and Selected IR Data for Cp*Ru(CO)(PR;)CI (4)
Compound 'H-NMR* IR
-1
No. PR; CsMes’ PR, veo (cm)
(4a) PMe; 1.78 (1.44) 149 (d, 9H, *TPH=9.66Hz, P-CH;) 1,908
(4b) PEt; 1.77 (1.74) 1.07 (dt, 9H, *JPH=7.39Hz. P-C-CH;) 1,907
1.84 (dg, 6H, *JPH=8.50Hz, P-CH,-)
(4c) PMePh, 1.53 (1.74) 2.05 (d, 3H, “JPH=9.06Hz, P-CH;) 1,910
7.20-7.85 (m, 10H, P-C¢Hs)

(4d) PPh; 1.51 (1.74) 7.10-7.90 (m, 10H, P-C¢Hs) 1,925
(4e) PCy; 1.66 (1.20) 1.00-2.50 (m, 33H, P-C.Hyy) 1,905

“Shifts are in ppm, relative to SiMe, at 60MHz and 25°C in CDClL. ® Number in parenthese is “JPH in Hz. © Measured

in KBr.

J7}2] back donationo] 7}l x]7] wjF-o 2 A7t}

£ A7 AE@Fel PR;=PCy;3l 2-E(de)ell of
8|4 Chaudret 2E%)|A] o]v] 71 43¢ w7
vl 9] o] 5L we bulkyd EAHL 2T
7HA = 163219} Cp*Ru(PR;)C1Y 258 SHEA
2 ARE-Ete] COg WH5-A1A Cp*Ru(COXPR;)CI(PR
3=PiPr;, PCy;) Z&-& A3t oh(A 5).

CO
Cp*Ru(PR;)Cl : Cp*Ru(CO
p*Ru(PR3) PR,=PPR,, PCy, p*Ru(CO)
(PR3)Cl ®)

28, o] WH-& P'Prs, PCys2t 7Fo] wil$- bulky
g PRy} ohd Z-$-ell= 163218 245 AHA)7}
FAE R kol A 43lr] Tatshd, & A7 $A
A2x T2 Ywrto] 118°2] PMe; €] 182°2]
PCyy7}A] E2 2] Q] A1A Z7]o] AEHE W]
Cp*Ru(CO)PR3)C18 &5 §4 =+ sl AT
FAdgolet A=)

3, 37} Ft2 R AEQ)} 2AUHL] Hhgel
oJ&f Cp*Ru(COXPRy)CI4)H #E0] HA== vk
& FEF9 Azt el R = 1"
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Abshakg A EQ) ofH €] At EelE et o
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& 5Hoz AP A2 [Cp*RuChl(1)o] EF-<l
etloll COE ¥H&AlA 371 7l2 R4 A% Cp*Ru
(COXCL2YE A3k At o] &L &
ol gl FollA 2=ke] KBra} Wh-EA1 719 of-3-5}
© 3k fErzest2 wdaE Cp*Ru(CO)Br(3)2
HEs gl A2t AE3)Y FAA|RAESR
A A3 o) AEEL BE o] A ¢ AAL
7 Vsl FHE 374 AR AHEe) gl

37} 7t2 R AEQ)s 244 FHA Hteql £
2297} uk-g-3te 1314} ghednk-go] zl3Y=o] T A
o] FelFol w¢]d 27}2HE Cp*Ru(CO)PR;)CI(4)
o] A=l o] o ¥h-gol AHEH Lufr} A3ty
£ AME gshet

37} f71 el w222 S o w2 W)
FHE-E ko2 i E oo} & o)} AztEn
£ ATl T 3} slERdAEQ)9) 2719
FoAAE@E FF OvIE iR /e F
g]5-2] Hydride, Nitrile, Nitrosyl, Phosphine, Olefin,
Halide, Cation 3 Anion 5 M 2% F54 A &
< &% BAR AR "5 oE Vg

£ A7E S A9E selE Fodam
3ol A=,
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