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Abstract 

RuCI~. 3H,O reacts with 2 equiv, of Ph :PCH,CH,NMe,  in the presence of Zn to the neutral complex Ru( K:( P.N )-Ph,PCH:CH.,NMe.~ ).,CI, 
( I ). Alternatively, I is also obtained by the reaction of RuCI,( PPh~ }~ with 2 equiv, of Pho, PCH,CH:NMe: .  Compound I crystallizes in the 
space group P2~ (No. 4} with a = 11.(}{)9(3}, b =  I I.(}07(4}. c =  16.999(4) A , / 3 =  106.22(2) ° and Z = 2 .  The hemilabile nature of the 
Ph :PCH,CH:NMe,  ligand in I is revealed by the reaction with CO and HC ~ CPh affording complexes Ru( K:( P.N )-Ph.,PCH:CH:NMe: )- 
( td( P)-Ph~PCH:CH,NMe:  ) ( C I ) : ( C O  ) ( 2 } and Ru( u2( P.N )-Pho, PCH:CH.~NMe: ) ( K~( P }-Ph:PCH:CH:NMe,  } ( CI } :( ~ C = C H P h  ) ( 31. 
Halide abstraction from I with NaBPh.~ aflbrds the live-coordinate cationic complex IRu{ K-'( P.N )-Ph:PCH.,CH:NMe., }.,CI ! ' [ BPh.~ I (4 } 
which crystallizes in the space group PI,ca (No. 61) with a = 21.806(4).  h = 19.683(4). c =  26.405(5} ,&. and Z = 8. Compound 4 reacts 
readily with CH~CN, CO and HC ~ C R  (R = Ph, S iMe ,  n-Bu) to give the cationic complexes I Ru( K'~(P.N }-Ph.,PCH:CH,NMe: }:(C! }~ 
tCH~CN) I ' (S}, [ Ru( s : (P .N) -Ph :PCH:CH:NMe:}~(CI ) (CO}  I ' (6}. and {Ru(K"(P .N}-Ph:PCH,CH:NMe:} : tCI ) ( .~C~CHR} I ' 
( % 9 ) ,  Compound IRu( ~¢:( P.N }oPh~PCH~CH:NMe: )~1CI } (CO) I ' I BPh41 ( 6a } one of the two stereoisomers 6a and 6b crystallites m 
the space Llroup P I ( No, 2 ) with a ~ I I .fl37 ( 3 }. h ~ 15,012 ( 3 }, ~' ~ 15.30fl( 3 } A. ¢~ ~ 96, 34 ( I )./3 ~ 98,32 ( I }. ? ~ {}8,73 ~ ! } ~ and Z ~ 2 and 
the isolneri¢ comp{mnd 6b crystallizes in the space group P2; /c  ( No. 14 } with a ~ 20,445( 2 ), i~ ~ 14,198( 2 I, ,' ~-~ 19,717 ( 2 } A,/3 ~ 94,6f~( I }~ 
and Z ~ 4, I Ctltilly,~cs I11¢ dimeri~illion of IlC ~ CPh Io Zo and l~obUlellynes. ~) 1998 Elsevier Science S.A. 

h'evt~,ml,~: (!ry~hd ~lruclure~; ('~illilyli¢ dimcri.qtlion: Rulhcuitnll ¢ompI¢~¢~: l~ho~l~hino:anmw ~'omplcx¢~ 

I. Introduction 

Phosphinoethers, -esters, and -amines are hemilabile 
ligands that form a strong metal phosphorus and a weak metal 
oxygen or nitrogen bond with electron rich transition metal 
centers 1 I-6 ]. There is the ability in such assemblies to create 
or protect reversibly a vacant coordination site for incoming 
substrates. In actual fact. complexes with P~O and P-N 
bidentates have been tound to I'acilitate several stoichiometric 
and catalytic transformations of organic molecules such as 
acetylene to vinylidene tautomerizations [ 3.5.? I or the con- 
version of a metal-(~:-CH,=CH:) to a meta l - (H)(~-  
CH=CH~) unit [ 7 I. Furlhermore, such complexes appear to 
be effective catalyst precursors Ibr olefin oligomerizations 
and polymerizations, carbonylations of methanol and methyl 
acetate, and hydrogenations 14 ]. 

* Corresponding author. Tel.: + 43 I 58801-4620: i'ax: + 43 I 5816f~f,8: 
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Along these lines, we have been exanlining ruthenium 
complexes with hemilabile ligands tbr their efficiency in stoi= 
chiometrically and catalytically operating processes. Here wc 
report on the synthesis and reactivity o1" the ruthenium com- 
plex Ru( K~( P.N }-Ph:PCH:CH:NMe:):CI~, ( I ). The hereto 
labile nature of the Ph~PCH:CH~NMea ligand in I is dem° 
onstrated and a preliminary account of the catalytic activity 
of I is given. ×-ray structures of some of the new complexes 
are presented. 

2. Experimental 

All manipulations were performed under an inert atmos- 
phere of purified argon by u~in E Svhlenk techniques. All 
chemicals were standard reagent grade and used without l'ur- 
ther puritication. The solvents were purified according to 
standard procedures. The deuterated solvents ~,:re purchased 
from Aldrich and dried over 4A molecu!~r sieves. 
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Ph,PEH~.CH~NMe., and RuCI:(PPh~)~ were prepared 
~cording to the literature 18,91. ~H. "~C1 'HI, and -~P{ ~H} 
NMR ~ r a  were recorded on a Bruker AC-250 spectrom- 
eter ope;aung at 250.13, 62.86, and 101.26 MHz, respec- 
tively, and were referenced to SiMe4 and to H~PO~ (85%). 
Diffuse reflectance FT-IR spectra were recorded on a Mattson 
RS 2 spectrometer. Microanalysis were done by Micro- 
analytical Laboratories, University of Vienna. 

2. I. Synthesis ~!f Ru( ~z(P.N)-Ph,.PC//,.CH.,NMe,.),. Ci,. (I) 

2.1.I. Methcul ( a ) 
RuCl:(PPh~) ~ (2.00 g. 2.09 mmol) and Ph,PCH.,CH,- 

NMe: (l.03g, 4.01 mmol) were dis~Ived in toluene 
(20 ml) and the mixture was stirred for 20 h at room tem- 
perature. During that time the color changed from brown to 
red and a dark red precipitate was slowly formed, which was 
collected on a glass frit, washed with small amounts of tolu- 
ene, diethyl ether, and then dried under vacuum. The crude 
product was purified by diffusion of diethyl ether into a solu- 
tion of I in CH:CI_,. Yield: 1.25 g ( 87% ). 

2.1.2. Method (b) 
To a solution of RuCI~. 3H~O (262 rag, i.00 retool) in 

tetrahydrofuran ( 10 mi) Ph:PCH_,CH,NMe, (514 rag, 
2.00 retool) and Zn ( 160 rag. 2.44 retool) was added and 
the mixture was stirred for 4 h at 65~C. In~luble materials 
were removed by filtration. On removal of the solvent, a red 
solid wa~ obtained which was purified by diffusion ofdiethyl 
ether into a solution of I in CHiCle. Yield: 550 mg t 80% ). 
Anal. Found: C. 55.91; H, 5.89: N, 3.96. Calc. for 
C~H~.CI~N~.P~Ru: C, 55.98~ H, S.87: N. 4.08~. NMR 
(CDCI~, 20~) :  ~. 7.29+-:7.00 Ira, 2OH). 3.05-+-2.B0 (m. 
8H). 2.82 (s, 12H). ~., 137.9 it. J~,~++ 21.4 H~). 134.9 it. 
J~.~4,3 H~), 129.4, 127.6 it, J~,c~-4.3 H~), 62.4 It, 
J~: =~ 1,67 H~, NCH~), 80.9 (NMe~), 32.7 i t, J~,c- 12.4 H~, 
PCH~), ~, 57,4, 

2,2. Synthesis of Ruf ~fP, NFPh:PCH:CH:NMe:/f ~c~f Pl. 
P ILJ~C t t : C //.JV M e ; ~ C I /.4 C O / f 2 J 

A ~lution of I ( I00 rag, 0.15 retool) in CH~,CI, (5 ml) 
was I~rg~ with CO for ,~ rain at room temperature, where° 
upon the color of the solution changed from red to orange. 
The solvent was removed under vacuum and the resulting 
solid was collected on a glass frit, washed with petroleum 
ether, and dried under vacuum, Yield: 72 mg (67%), 
(Found: C, 55.~1: H, 6.~): N. 4.00). C~H~CI,N,OP~Ru 
~uires C, 5,S.47: H, 5.64; N, 3.92~, NMR ( CIX'I, 20°C ): 
~, 7,63.~7,15 (m, 20H), 3,00 (s, 6H), 2,85~2,13 (m, 8H), 
2,04 (s, 6H), de, 202,0 idd, ,/~t, ~ 17.6 H~, J~,~. ~ 110,6 H~, 
CO), 135,3-12,S,8, 61,3 (d. J~=~8.3 H~, NCH,), 54.5 
(NMe~), 54, I (d, Jr~. ~ I,$2 H~, NCH: ), $0,6 (NMe,), 30.6 
(dd, J~.~ 20,6 H~, J~. ~ 1,5 H~, PC//,), 27.5 (d, 
J~.~29,8 Hz, PCH~}. ~ 36.6 (d, J~-26.9 Hz), 19.3 (d, 
J ~ -  26,9 H~). ~,.,,./(cm- ~) 19495 (CO). 

2 . 3 .  " ~ I Synthems of Ru( ~ (  P, N) - Ph,,PCH2CH2NMe2)( t< ( P ~- 
Ph2PCH2CH2NMe,,)( CI )2(=C=CHPh ) (3) 

To a solution of I (70 rag, 0.10 mmol) in toluene (3 ml) 
HC-=-CPh (27.5 $tl, 0.25 mmoi) was added and the mixture 
was stirred for 20 h at 80°C. Then the volume of the solution 
was reduced to about I ml and the resulting yellow precipitate 
was collected on glass flit, washed with diethyi ether, petro- 
leum ether, and dried under vacuum. Yield: 36 mg (46%). 
Anal. Found: C, 60.78; H, 5.90; N, 3.52. Calc. for 
C.u~H~CI,N,P,Ru: C, 60.91; H, 5,88; N, 3.55%. NMR 
(CDCi.a, 20°C): 86, 8.06--6.70 ( m, 25H), 2.76 ( s, 6H), 3.04- 
2.64 (m, 8H). 2.31 ( s, 6H). 6o 355.0 (dd, Jrc ffi 16.0 Hz, 
J ~ =  18.4 Hz, (7,), 138.5-126.0 ira, Ph), 112.1 it, Jrc = 
2.4 Hz, C~). 61.3 (t, Jpc--3.1 Hz, NCH,), 55.5 (NMe,), 
54.6 i d, gvc = 6.9 Hz, NCH:), 50.6 (NMe:), 30.0 (d, JPc = 
30,5 Hz, PCH, ), 25.4 (d, Jt,c ~ 28. I Hz, PCH~ ). 6p, 36.9 (d, 
Jer,= 28. I Hz), 28.8 ( d, Jt,i, --- 28. I Hz). v.,.,,/( cm - ~ ) 16165 
iC=C). 

2.4. Synrhe.~'is ¢!f I Ru~ d f  P.N/-Ph2PCH,.CH.,NMe 2)2CI /- 
BPh, (4~ 

A solution of I ( 200 rag, 0.29 mmol) in CH,CI, (6 ml ) 
was treated with NaBPh4 ( 100 rag, 0.29 retool) and the het- 
erogeneous mixture was stirred for 60 h at room temperature. 
Insoluble materials were removed by filtration and the vola- 
tiles were removed under vacuum. The resulting purple-red 
solid was collected on a glass t'rit, washed with diethyl ether, 
and dried under vacuum. Yield: 270 mg (96¢~ , ). Anal Found: 
C, 6t1.03~ H, 622; N, 2.78. Calc. t'or C~H~BCIN~P~Ru: C, 
69,31; H. 6.23, N, 2.89r~,. NMR ICDCI~, 20"C): ~ ,  7.93~ 
6.77 (m, 40H), 2.88=1.77 (m, 8H). 2.74 (m, 6H). 2°30 (s. 
f~H). ~., 164.6 (q, J1~.~49,2 H~), 13(~.7 (q,,lll~, ~ 1.4 !:1~), 
134.2 (Ph), 133.7 (Ph),132.2 (Ph), 130.0=129.3 (Ph), 
127,9 (Ph), 127.7 (Ph), 126.2, 122.4, 66.,S ( l, Ji,c ~ 1.8 H~, 
NCH~ ), 58.0 i NMe), 52.7 (NMe), 32.2 ( m, PCH,). ~,, 77.5. 

2.5. Synthesis of IRuf ~fP, N)-Ph:PCH:CH:NMe:L4CI}- 
fCH,CNJIBPh~ f$~ 

To a solution of 4 ( 50 rag, 0.05 mmol ) in CH~CI, ( 3 ml ), 
CH~CN ( 2.7 p,I, 0,05 mmol ) was added, whereupon the solu- 
tion became yellow immediately, The mixture was stirred for 
15 rain at room temperature and the solvent was removed 
under vacuum, The resulting yellow precipitate was collected 
on a glass frit, washed with ethanol, dicthyl ether, and dried 
under vacuum. Yield: 32 mg (61 ¢;~. ). Anal. Found: C, 68.83: 
H, 6,22: N, 4,20, Calc. for CsNH~.~BCIN~P,Ru: C, 68.88: H. 
6,28; N, 4,15~,~. NMR (CDCI~, 20°C): ~t, 7.44-6.76 (m, 
40H ), 3, I0 -2,43 ( m, 8H ), 2,97 ( m, 6H ), 2.51 ( s, 6H). 2.20 
is, 3H), ~t-, 164.2 (q, Jltc=48.7Hz), 136.0 (q, 
Jac - 1.4 Hz), 134.0, 139.9-132.4, 132.4, 130.5, 130. I, 
128.6, 127.7, ! 25.8 ( CN ), 126.2 (q, Jnc = 2.8 Hz), 122.4, 
61,8 (NCH,), 50.8 (NMe), 49.9 (NMe), 30.0 (t, 
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Ji,c = 13.3 Hz, PCH.,),4.6 (CH~CN). 60,53 .7 . / , , , , a , / (cm'  ) 
2253W (CN).  

2, 9. Synthesis o l'iRu( re ( P.N b Ph,,PCH,,CH ,NMe: ~,¢ Cl l- 
f =C=CHPhklBPh.~ ¢7 

2.6. Synthesis o f l R u f ~ ( P ,  NFPh,_PCH,.CH.,NMe:L4CIF 
( CO flBPh~ t 6a 

A solution of  4 (54 nag, 0.06 mmol )  in CH,CI_, (6 mi) 
was purged with CO tbr 5 rain at room temperature, where- 
upon the color of  the solution changed from red to yellow. 
The volatiles were removed under reduced pressure and the 
resulting residue was recrystallized from CH.,Cl_,/methanol 
( I : l ) .  6a was obtained as a yellow solid. Yield: 22 mg 
(39%). Anal. Found: C, 68.63: H, 6.14: N, 2.77. Calc. for 
CsvH~,,BCIN.,OP.,Ru: C, 68.57; H, 6.06; N. 2.81%. NMR 
(CDCI3, 20°C I' 6i/, 7 .58-6.70 ( m. 401-1 ), 2.71 ( s, 3H ), 2.69 
(s, 3H), 2.50-2.00 (in, 8H), 2.28 (s, 3H), 2.18 (s, 3HI. ~$c,, 
200.0 (dd, Jpc = 15.2 Hz, Jvc = 103.2 Hz, CO), 164.2 (q, 
J a c = 4 9 . 3 H z )  136.5, 133.8-127.7, 125.9. 122.2, 65.2 
(NCH,.), 64.0 (NCH,.), 60.8 (NMe) ,  60.6 (NMe) ,  58. I 
(NMe). 57.7 (NMe). 30.1 (d..Ic.,,=32.5 Hz. PCH~). 27.0 
( d, ,It.,, = 23.9 Hz. PCH~). 8l,, 4 i .8 ( d, ,I,,p = 28. I Hz ). 16.2 
(d. Jpp = 28. ! HZ ). v,,,,,J ( c m  I ) 1989s (CO).  

2.7. Synthesis o.t'1 Rut r:f P, Nb  Ph:PCH:CH:NMe: ):t CI). 
(CO) ]BPlh t 6b ) 

In order to oblain crystals o1" 6a for an X-ray dilTraction 
analysis, a solution of6a  ( 311 rag) in CH.,CI,/CH~OH ( I:1 ) 
was set aside Ibr crystallization by vapor diffusion with die- 
thyl ether. Within one day a small amounts of' yellow and 
colorless crystals of 611 and 6h, respectively, were fornled 
which were separated manually. NMR (CDCI ~. 2(FC): ~St~. 
7,63=6,67 { m. 401=1 ). 3.111~ 108 ( m. 814 ). 2.67 ( s. tall ), 2.58 
Is. flltl ,  it,.. 197.7 (I, .1~,.= 15.2Hz. CO). 1¢~3.5 (q. 
.I.t,~48,SHz). 141.2. 139,3, 137,(~. 137,0, 137,1), 13(~,9, 
136,4. 135.8, 135.0. 134,3. 133,4. 130,7 ( q. ,I.~, ~ 3, I Hz ). 
126.9. 67,6 (NCH~). 59.6 (NMe).  55.2 (NMe). 34,7 ( t. 
dl~.= 25.8 Hz. PCH,).  ~., 46.2. t,.,,,,,/(cm ') 1948s (CO).  

• , )  • j 

2.8. Synthesis o.t IRttf ~ (  P.N).Ph,PCH:CH:NMt :),( CI)- 
t CO HBPh~ ( 6c ) 

A solution ol '6a (50 mg) was stirred in 6 ml of CH.,CI,/ 
MeOH ( 1:1 ) for 20 h at room temperature. Then. the volume 
of the solution was reduced to about 2 ml whereupon a white 
precipitate was Ibrmed, which was collected on glass Ii'it. 
washed with diethyl ether, and dried under vacuum. Yield: 
35 mg(  709b ). Amd. Found: C. 68.53: El, 6.10: N. 2.85. Calc. 
for C.~TH,oBCIN.,OP.,Ru: C. 68.57; H. 6.06; N. 2.81 ~ .  NMR 
( CDCla. 20°C): 6~. 8.00=6.52 ( m, 40H ). 2.37 ( s. 6H ). 2.09 
(s, 6H).  3 10=1.70 (m. 8HI. 6~., 201.1 (t../~,~ .= 13.()Hz. 
CO). 164.6 i q . . h ~ . = 4 9 . 6  Hz). 136.8 (q. . l l~ .= 1.5 Hz). 
134.5. 133.8. 132.7, 132.0. 131.5. 130.2. 1288. 126.1 (q. 
Jac = 3.1 Hz).  122.3. 65. I (NCH,) .  6(I.2 (NMe). 57.8 
(NMe) .  30.0 ( t . . Ipc = 22. I Hz. PCH,).  ~,. 34.9. u.,,,.~/ 
( cm - ~ ) 1947s ( C O ) .  

To a solution of 4 (48 mg, 0.05 mmol ) in CH_,CI., ( 3 ml ) 
HC = CPh (5.4 p.I, 0.05 mmol) was added and the mixture 
was stirred lbr 5 h at room temperature. On addition ofdiethyl 
ether a yellow precipitate was formed which was collected 
on a glass frit, washed with diethyl ether, and dried under 
vacuum. Yield: 32 mg (60%). Anal. Found: C, 71.56: H, 
6.16: N, 2.58. Calc. for C~4Hu, BCIN_,P_,Ru: C. 7 ! .67: H, 6.20: 
N, 2.61ch. NMR (CDCI~, 20°C): ~ ,  7.58-6,70 (m. 45H), 
2.83 ( .,;, 3it ), 2.79 ( s, 3H ), 3.10-2.20 ( m. 8H ), 2. ! 7 ( s. 6H ). 
8c, 358.3 ( dd, Jl,{- = ! 4.4 Hz, Jv~" = 20.9 Hz, C,, ), 164.8 ( q. 
• Ira- = 49.0 Hz ), 136.9, ! 35.3-127,0, 126.4, ! 22.6, I ! 2.6 ( t, 
,Ivc= 4,8 Hz, Ctj), 62.8 ( NCH, ), 61.8 ( NCH,  ), 54.6 ( NMe ). 
53.8 (NMe), 5 I. I ( NMe ~, 30.9 ( d, Jvc = 31.3 Hz, PCH, ). 
26.7 ( d, ,Iv{, = 28.9 Hz, PCH,, ). ~Sp, 38. I ( d. Jv~, = 26.8 Hz ), 
32.3 ( d, -'Jvp = 26.8 Hz ). v,,,,,~/( cm ~ ) 1616s ( C=C ). 

2. I0. Synthesis o f IRutre¢P.NbPh,PCH:CH,.NMe:btCIF 
= C= CtlSiMe,) ]BPh.~ (8 

This complex has been prepared analogously to 7 but 
with 4 and HC ~ CSiMe~ as starting materials. Yield: 56~. 
Amtl. Found: C, 68.63: H, 6.57: N, 2.73. Calc. for 
C, IH~t~BCIN,P,,RuSi: C. 68.56: 14. 6.60: N. 2.62r,~. NMR 
tCDCIL~, 20°C): ~l~. 7.90-6.55 (m. 401-11. 2.99=2.00 (m. 
8H ), 2.47 ( s, 61-1 ), 2.30 ( s, 6H ), 0.02 ( s. 9H )./~,, 348.9 ( t. 
=~,h,~. = 16.1 Hz, C,,), 164.2 (q, ~,l~. =. 49.0 Hz l, 136.4. 

"t 134.5, 134.3, 133.2, 131.7. 131.3, I,.8.8. 128.3. 125.8 (q. 
",1.~ 2.4Hz) ,  I ~'~1 9'~'~ It, '! ~ ~ - . . . . . . .  pc* 1.6Hz. ('n) 61,9 
(NC'H~). 53,1 (NMe),  5(),3 (NM('), 20,3 (I, ~,ll,( ,~ 15,3 He. 
PCH~). 1.8 (SiMe~). ~Sv, 42,7, v,,,,,./(cm ~) 1627,, (C~C), 

"~ I I. Svntlu'.~i~' ol'lRtt( tc:t P NbPh d~CH ,CH,NMe ,j,t('ljo 
( ~ C-~= CHfltt"J IflPh~ t 9 

°rhi~ complex has heen prepared analogously to ? but 
with 4 and HC ~ CBu" as the starting materials. Yield: {~(Y~, 
Amd. Found: C. 70.66: H. 6.64'. N. 2.73. Calc, for 
C',,H7.BCIN:P~Ru: C. 70.75: H. 6.70: N. L66c~. NMR 
(CI)CL. 20"C)' 8a~. 7.79=6.69 (m. 40H). 3.05=2.40 (m. 
8H ), 2.59 ( s, 6H ). 2.53 ( s. 6H ). 2.4()=2.02 ( rn. 4H ). I. 12 
( q. 21-1 ), 0.86 ( t. 3H ). ~.. 351.5 ( t../v~ ~ 16.9 i-1z. C, ). 164.3 
(q.,I,c =49.0 Hz), 136.5. 134.f~. 134.3. 133.2,131.5. 131.1. 
128.8. 128.3. 125.8 (q..I,~.=2.4. Hz). 122.0. 10ft.5 (C, ) .  
"~'~ o , 54.2 (NMe). 50.6 (NMe) 33.3 6 . . .  ( N C H , )  

I CH:CH,CH~CH~). 29.5 (t. ,lye = 16. I Hz. PCH, I. 22.3 
(Ci-1,CH:CH:CH ~). 20.4 (s. ('H~CHzCH,CH,). 14.1 ( s. 
CH~CH,CH~CH~). ~]v. 43.4. 

2.12. Catalytic dimeri:ation n.f HC == ('Ph 

Phenylacetylene (215 p,I) was added to a ~uspension of 
either I ( 2~ )  or 3 (2r)~) in toluene (4 ml). The .~ealed 
Schlenk tube was heated in an oil bath t'or 20 h at I I I"C, 
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After that time the reaction mixture was evaporated to dryness 
and the coupling products were extracted with n-hexane. The 
solvent w&~ again removed under vacuum affording an i s o -  

m e r i c  mixture of Z- and E-butynes in a 9: I ratio in 7 n ~  

imlated yield, The product distribution was determined by 
t H NMR spectroscopy. 

2.13. X-ray s t~c ture  determinatim) fo r  1. CHCI,). 
(CH+)2CO. 4"(C,H~):O. 6a'CH2CI,,  and 6b.  2CH2CI2 

Co, sml data and experimental details are given in Table I. 
X-ray data for I.CHCI~.(CtI~).,CO were collected on a 
Philips PW ! 100 four-circle diffractometer using graphite- 
monochromaled Mo K~ ( A = 0.71073 A) radiation and the 
#=20 ~an  technique. Two other crystalline forms of this 
complex oblained from various solvents have been observed 
by us and by B, James (University of British Columbia. 
Vancouver: private communication). For 4. (C:H.~),O. 
6a.CH2CI.,. and 6b.2CH.,CI, a Siemens Smart CCD area 
detector diffractometer, graphite monochromatcd Mo Ka 
radiation, a nominal crystal-to-detector distance of 3.85 c a .  
and 0.3 ° ~o-~an frames were u~d.  Corrections for Lorcn~ 

Table I 
C~tallographlc ~,~ 

and polarization effects, for crystal decay, and for absorp- 
tion (empirical with program XABS2 [lOal for 
1. CHCI.+ • (CHj)  ~CO and with program SADABS [ 10b] for 
4. (C_,Hs) 20, 6a- CH2CI2, and 6b- 2CH2CI_~ were applied. 
The structures were solved by direct methods [ I ! a ]. All non- 
hydrogen atoms were refined anisotropically, and hydrogen 
atoms were included in idealized positions [ l ib ] .  The 
str~'ctures were refined against F ~. 

3 .  Results and discussion 

3. !. Synthesis o f  Ru( K2( P,N)-Ph,PCH2CH2NMe 2t2CI2 (!)  

Treatment of RuCh-3H.~O with 2 equiv, of Ph,PCH,- 
CH,NMe., in the presence of Zn affords, on workup, the dark 
red c o m p l e x  R u (  K2( P , N ) - P h : P C H 2 C H + N M e : ) ~ C I .  ( I ) in  

80% yield. Alternatively, I is also obtained by the reaction 
of RuCi.,( PPh;).~ with 2 equiv, of Ph+PCH~CH,NM% in 87% 
yield (Scheme I ). I is a thermally robust red solid which is 
stable to air both in the solid state and in solution. 

Characterization of I was by elemental analysis, ~H, 
*~C{*H}, and "~*PI*H} NMR spectroscopy. The ~'PI*H] 
NMR spectrum exhibits only one singlet at 57.4 ppm. in the 

I '  ( CH~ ) ++,CO,CHCI ~ 4' ( CH ,CH: ) : 0  6a, CH:CL 6b. 2C H .,Cb 

l:(wmula C,.+,II++CI+N.+()P.+Ru 
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l) t A ) I I ,IX)?( 4 ) 
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tl 1 ") 
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CI 
/ 

N I ~N"J 
CI . . /  , ,,,% 

CI / 121 

I.~. ~ " f f N  I~'~1 ' ' ' * * ' P ~  N a ' ~ . , O  L N ~ ,  .... Ru11 "~C,  .... 

II cl /c \  
1 H Ph 

3 
Scheme I (i)  Ph,PCH,CH,NMe, .  Zn in tetrahydrofuran at 6. C. (ii) 
Ph:PCHaCH,NMe, in toluene at room temperature. ( iii ) CO in CH,CI, for 
5 min at room temperature, ( iv ) HC - CPh in toluene at 80°C. 

center is distorted octahedral with the two phosphorus and 
nitrogen atoms in cis position and the two chloride atoms in 
(tans position. The N( 1 )-Ru-N(2) and P( I ) -Ru-P(2)  
angles are 95.7( 2 ) and 99.6( I )o while the P( ! ) -Ru-N(  ! ) 
and P( 2)-Ru-N( 2 ) bond angles are smaller ( 82.7( 2 ) and 
82.1(!) °) probably due to the ring strain in the five-mem- 
bered PC2NRu ring systems. The Ru--Ci( ! ) and Ru-CI(2) 
distances are 2.410(2) and 2.395(2) A. and the Ci( 1 ) -Ru-  
C1(2) angle is 172.1( I)°C. For comparison, in the related 
complex Ru( ~ (  P.O)-Ph2PCH-,CH_,OMe)_~CI-, the Ru--Ci( i ) 
and Ru--CI(2) distances are 2.394(2) and 2.396(2) A. 
respectively, with a CI( I )-Ru--CI(2) angle of 166.0( ! )° 
1121. The Ru-P and Ru-N distances are in the expected 
ranges. 

Clio CI9 

C18 
{:21 
- C31 

P 

C14 

:13 

C9 

I~$ g3 C4 

Fig, I, Slruclural view of  Ru( m:( P.N )-Ph,PCIoI~CH;NMe~ ),C'l: .C,ItCI,. 
ICH~UCO l I 'CI°I(?I, ' ICII,)~,C{)I ,,hewing 2l)g l~rtd~abilily lhernlal 
dlil~,,,oid,, ( CIICI ~ and l ( ' I I  ~ ) ~(,11 ore(lied for clarily ). 

~'C1'1t1 NMR speclruln o1'1 Ihe resonance~ of the 
Ph~PCI4~CI4,NMe~ ligand give rise to characteristic triplets 
centered at (~2,4 1,1(,i ,~ 1,67 Itz) and 32,7 ppm (,I,v ~ 
11.2 Hz) assignable to the NCH~ and PCH~, methylene car° 
boils, respectively, and one single( at 5(I.9 ppm assignable to 
the methyl groups, An X-ray structure of I,CHCI~. 
( CH~ 1~CO is depicted in Fig. I, Selected bond distances and 
angles are given in Table 2. The geornetry about the metal 

3.2. Reaction qf  l with CO and HC =- CPh 

The hem(labile nature of the Ph2PCH,CH.,NMe., ligand in 
I is revealed by the reaction with carbon monoxide and 
HC---CPh. Thus. when I is stirred under a CO atmosphere 
lbr 5 rain at ambient temperature, the Ru-N bond is cleaved 
resulting in the neutral complex Ru(K-~(P.N)-Ph.,PCH_, - 
Clol_,NMe,)(K~(P)-Ph~PCH:CH.,NMe2)(CI),(CO) (2) in 
67¢',~ isolated yield (Scheme I ). Characterization of 2 was 
again b) a combination of elemental analysis. IR. 'H. 
t~C{ tH }. and ~)P{ tH} NMR spectroscopy. In the IR spectrum 
the CO stretching frequency is observed at 1 9 4 9 c m  *. 
Owing to the presence of one chelating and one open chain 
Ph,PCIt:CH~NMc, liga'ld the ~P{ 'H } NMR spectrum of 2 
exhibits an AB palter(. The small coupling constant of 
26.9 Hz is in l'a:'or oI' acis geometry o1' the phosphine atoms. 
In Ihe ~'C{ ~141 NMR .~pectrum the CO ligand exhibits a Iowo 
intensity resonance at 202.0 ppm ( dd. ,It.,, ~ 17.6 llz, .t~,(, ~- 
II 0.6 Hz), Thi,~ coupling pattern for the carbonyl carbon i~ 
origillaliilg froln the two phosphine moieties cix and tratt.~ Io 
the CO ligand. The )'C re.~onances ot' the NCH: and NMe: 
moieties of the tc°-lP) coordinat,~d Ph:PCH:CH:NM¢~ 
ligand are somewhat shifted 1o higher field compilled with 
the K:-(P,N) coordinated one, Provided that the chlorine 
atonis are trans to each other the CO ligand would then be 

Table 2 
Sdecled bond distance.,, ( A I and angle~ (") Ibr complexe.~ l .  ( CH, 147(}' CHI'I ,. 4. ( CIt &71!r ) ,(). 6a.  CH,CI;. '.rod 6b. 2Ci1:('1: 

I. ( C11 ~),CO. CI'ICI, 4. ( ('H ~('H, I~() 6a. ('It ~('I~ 6b. 2(.,11 ,CI: 

RumP( I ) 2.255( 2 ~ 2.253( I ) 2A78( I ~ 2,323( I 
Ru-P(2)  2.251(2) 2 .214( I )  2 .363( I )  2.32a~ I ~ 
Ru-N( I I 2.41)2(4) 2.193( 2 ) 2.237( 4 ) 2.333~ 2 ) 
Ru-N( 2 ) 2377(o )  2.2()1 ( 3 ) 2.22th 4) 2,357( 2 ) 
Ru~CI( I )  2.4 I()(2) 2.3qI( I ) 2.427(2) 2,Jo7( I ~ 

Ru~CI( 2 ) 2.3tJ512 ) 
Ru-C( 33 ) I .q84( 01 I .S47( I 

P( I ) -Ru-P(2 )  L)q,6( I ) 06,4( I ) IO2.2( I )  I00,1 ( I~ 
N( I )~Ru-N(2 ~ tj5.7(21 170,t,( I ) 175.9(I) t15,5( I ) 

CI( I I -Ru-CI (2 )  172.1(I) 
P( I ) -Ru-N(  I ) 82.7( 2 ) 82,2( I ) 82,5( I ) 82.3( I ) 
P ( 2 ) ~ R u - N ( 2 )  82.11 I) 80.7(I )  83 ,1( I )  82,J( I ) 
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tm,'~¢ to ~ p h ~ o r u s  atom of the ~-(P,N) coordinated 
Ph~PCH~CH:NMe, ligand (as drawn in Scheme I). Two 

po~.sibie structures with the chlorine atoms in cis posi- 
tion. however• cannot be ruled out with the data at hand. All 
a;;empL~ to grow a crystal of 2 suitable for an X-ray diffraction 
analysis have failed, it is worth noting that the related com- 
plex Ru( ~(  P,O)-Ph:PCH2CH2OMe)2CI2 reacts with CO to 
a mono and a dicarbooyl species both with a trans-PoP con- 
figuration [ 12], while Ru( ~(P°O)-i-Pr~.PCH2CH2OMe)~: 
~I, yields only the dicarbonyl complex [7]. In contrast. I 
~ s  not give a dicarbonyl complex with two g~-(P) coor- 
dinated ~:PCH2CH,_NMe, ligands, in the~ type of com- 
plexes, therefore, the Ru-N bond is stronger than the Ru-O 
bond. 

The reaction of I with HC ~ CPh in toluene at 80°C yields 
the neutral vinylidene complex Ru( g2(p.N).ph2PCH2CH2. 
NMe,) ( g t( p).ph.,PCH2CH:N Me:) ( CI )2(=C=CHPh) (3) 
in 46% yieM as an air-~able yellow ~l id  ( Scheme ! ). The 
~P{ tH} NMR spectrum of 3 displays an AB pattern showing 
two doublets centered at 36.9 and 28.8 ppm. As above, the 
small coupling constant of 28. I Hz is consistent with a cis. 
P,P arrangement. Characteristic ~ ~C{ ~H } NMR specu'o~opic 
features compri,~ a marked low-field re~nance at 355,0 ppm 
( dd, Jc,, ~ 16.0 Hz, Jc,, = 18.4 Hz) and a re~nance at I 12. I 
ppm ( t, JcP ~ 2.4 Hz) assignable to the w and ~carbons of 
the vinylidene moiety, respectively. This coupling pattern of 
the vinylidenc C,, carbon atom results from the two phos- 
phines cis to the vinylidene unit. Noteworthy. in the *H NMR 
spectrum the C~-hydrogen could not be ob~rved, The space 
tro~opic data, however, do not allow to distinguish whether 
the vinylidene moiety is bound u~ns to the chlorine or trmes 
to the nitrogen atom. In analogy to a ~ e n t  Xoray structure 
of the related complex Ru(g~'IP,O)oPh#CH,CH__,OMe)o 
( st(P)oPh~PCH=,CH~OMe) (CI)~(~C~CHPh) ] 3 ] show° 
ing the vinylidene moiety t~ms 1o the chlorine atom, we I~vor 
a similar structure for ~mplex 3 (us drown in Scheme I ), 
This in u~ord wlth the bonding types, since vinylidene is a 

accepter and chloride is a ~r donor, whereas the amine 
moiety has no ~bonding abilities, 

££  Rein,thin o/ I with NaBPh,~ 

When a solution of complex I in CH~,CI; is treated with 
I equiv, or NaBPk, for (2)h at ambient temperalure the 
five-coordinat~ cationic complex IRu( ~r~(P,N)-Ph~PCH~. 
CH~NMe~)~CII * (4) was obtained as a purple-red solid 
(Scheme 2), 4 is moderately air-,~nsitive both in the solid 
stale and in solution, Chamcteri~tion was by elemental anab 
ysis, *H, ~C'(*HI, and ~*PI*H} NMR spectroscopy, The 
• PI till NMR spectrum of 4 displays a singlez 77,5 ppm in 
~zree~nt with two equivalent Ph~PCH~CH~NMe~ ligands, 
The *H and *~C[ *HI NMR spe~tm bear no unusual features 
and it is sufficient to mention that the NMe, groups give rise 
to two singlets, i,e, the methyl groups a~ diastereotopic, 
While there are ,~veral reports or live coordinate cationic 
ruthenium(Ill complexes of the type IRu(PP)~CII ~' 

cI 

cI 
! 

(i) 

| • 

LN~ ~.N.-} 
s !C~H~ 

(ii)] 

N ~  "1, 

(iiO 1 

C I  I "~CHR 

(v) / '/R= PE 

~k Cl q, 

c 
II 
CHR 

se=si~ 
9 R = n.uu 

'? "1' ? I, -I, 

co 6b CO 6~ 

Y~,:henle 2. ( i )  NaBPI~ in CH:Ck,, (ii) CH~CN, (iii) CO in CH,CI, for 
5rain, (iv) in CH~,CI~,/CHxOH (1:1) t'or 20h, (v) HC~CR (R--Ph. 
SiMe,, n-Be) in CH~CI, at r~mm temperature. 

( PP = diphosphine) I 13-15 I, there are only a I~w examples 
with five-coordinate ruthenium complexes with phosphine- 
amine ligands such as Ru( pn ) ( CI ) ,(PR~) ( pn - o-diphenyl- 
phosphino-N•N, dimethylaniline, R = p-mlyl) I 16 ]. 

In order to establish unequivocally the ligand arrangement 
around the metal center the structure oi"4 has been determined 
by X-ray crystallography. A structural view of 4 is depicted 
in Fig, 2, Impotlant bond distances and angles are given in 
T.hle 2, The c~rdination geometry around the ruthenium 
,tOm is ~s t  described as a distorted trigonal bipyramid with 
the phosphine and chloride aloms in the equatorial position 
and the nitrogen atoms occupying the axial position. The 
N( I )~Ru,~N(2) angle is 176.6(I) °, The bite angles of the 
chelating ligands are 82.2( I ) and 80.'/( I )°, respectively. 
The two phosphorus atoms in the equatorial plane form a 
relatively small P-Ru-P angle o1" only 96.4( I )~. This value 
is comparable with the respective P-Ru-P angles in the 
related cationic complexes [ Ru(Ph~PCH,,CH~,PPh,)~Cll ' 

co C30 

C ~ 3 ~ C 1 5  
C~ 

Fig, 2, Structural view of IRu( ~ (  P,N )-Ph.J~'H:CH:NMc: ).,I CI ) ] BPh~ o 
(C,H,).,O (4. (C,H~) ,O) ~huwing 20~ probability thermal cllip~oid~ 
( B I ~  and diethyl ether omiucd for clarity ). 
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(95.0(!) °) and IRu(Cy2PCH~CH2PCy,),CII * (93.1(I)°). 
The angles between CI-Ru-P(I) and CI-Ru-P(2) are 
138.8( I ) and 124,8( I )o. The deviation from ! 20 ° appears to 
be electronic rather than steric in origin. An explanation for 
this distortion has been given in the literature I 17,18 ]. 

3,4. Reacthm o f  4 with CH~CN, CO, attd HC =-- CR (R = Ph, 
SiMe.~, n-Bu) 

On treatment with CH~CN, 4 affords on workup the 
cationic complex ! Ru( K2( P,N )-Ph,,PCH:,CHaNMe2 ) 2 ( CI ) - 
(CH3CN) ! +(5) in 61% yield (Scheme 2). The .~lp{ iH} 
NMR spectrum of $ displays a singlet at 53.7 ppm consistent 
with the phosphorus and nitrogen atoms being in equatorial 
positions adopting presumably an all eis (as drawn in 
Scheme 2) configuration with the CH3CN ligand trans to the 
chlorine atom in axial position. The ~H and ~~CI ~H} NMR 
spectra bear no remarkable features. In the IR spectrum of 5 
the u(CN ) band is observed at 2253 cm - t, in line with many 
other ruthenium CH~CN complexes in this oxidation state. 

Likewise, 4 reacts readily with CO to give the cationic 
complex [ Ru( K-'( P,N )-Ph~.PCH.,CH.,NMe2 ).,( CI ) ( CO ) i * 
(6a) in 39% yield. 6a is configurationally unstable in solution 
and slowly isomerizes to both 6b and 6c ( Scheme 2). In the 
IR spectrum the CO stretching frequency is observed at 
1989 cm~ I, The ~P{ ~H} NMR spectrum oi' 6a displays an 
AX pauem showing two doublets centered at 41.8 and 
16.2 ppm. The smaU coupling constant of 28. I Hz is consis- 
tent with a eis-P,P conliguration. The ~:~C{ 'HI NMR spec- 
trum of 6~ displays a Iow-lield doublet of doublets centered 
at 200.0 ppm ('~,1~,~ 15.2 Hz, '~J~,= 103.2 Hz) assignable 
to the carbon atom of Ihe CO ligand. Thi,~ coupling pattern is 
eharaclerislic el' two phosphinc moieties lyin~ eis m~d o'a~.~' 
Io the CO ligalld. Both 'H and I~C{ ~H } NMR dala indicale 
that 111~ two Ph~I~H~,CIoI~,NMe~, ligands in 6. are inequivao 
lent giving rise to I'our singlets I'or the methyl groups. 

The structure of 6a has been conlirmed by X-ray crystal- 
Iography. Crystals of 6a were grown by diffusion of diethyl 
ether into a solution of 6a in CH_,CI,/CH~OH (I : l ) .  After 
I day, small amounts of yellow crystals 6a together with 
colorless crystals 6b were formed which could be separated 
manually. A structural view of 6a is depicted in Fig. 3. hnpor- 
rant bond distances and angles are reported in Table 2. The 
configuration around the metal center corresponds to a dis- 
totted octahedron with the two phosphorus atoms in eis posi- 
tion and the two nitrogen atoms in tra,s position. The N ( I ) 
Ru-N(2) angle is 175.9(I) °. The PC I ) -Ru-N(I )  and 
P(2)-Ru-N(2)  bond angles are 82.5(2) and 83.1(I) ~', 
respectively, similar to the respective :mgles in temple× I. 
The Ru-Cl(I)  and Ru-C(33) distances are 2.427(2) and 
1.984(6) ,~ and the Ru-C( 33 )-O( I ) angle is 172.9(6)°C. 
Ru-P( 1 ) distance ( 2.478(I)/~) is signilicantly longer Ihan 
the Ru-P(2) distance (2.363( I ) ,&) owing to the different 
trans-influences of the CO ( trans to P( I ) ) and CI ( trans to 
P(2) ) ligands. 

C16 

Ot ~ N 1  ~j~NC14 

C291k~ll~lp~Hp w-.-_. ~ C1~2 ""Cll 
C23 C24 Cll C ~  

~ c5 C27 C26 C4 
Fig. 3. Structural view of I Ru( K-~( P.N )-Ph2PCH:CH_~NMe: ) :( CI ) ( CO ) I- 
BPh.I. CH,CI.~ ( 6a. CH,CI., ) showing 2(]~ probability thermal ¢llipsoid.~ 
( BPhi and CFI,CI~ olniltcd for clarily ). 

in contrast to 6a, the CO ligand in 6b is bound t rans to the 
chlorine atom as established by a~C{ JH} and +~lp{ all} NMR 
spectroscopy, in the ~C{ aH} NMR spectrum the CO carbon 
atom gives rise to a characteristic Iow-lield triplet resonating 
tit 197.7 (Ji,c = 15.2 Hz). The small coupling constant is 
diagnostic for the phosphorus atoms in cis position with 
respect to the CO ligand. This is also consistent with the 
;IP{ ~H } NMR spectrum exhibiting only one signal, in the IR 
spectrum of 6b the CO stretching frequency is found at 
1948 cm ~ which is typical of a trans CI-Ru-~O arrange- 
sent  1121. A structural view of 6b is shown in Fig. 4. 
Selected bond distances and angles are given in Table 2. The 
overall slightly distorted octahedral structure of 6b is very 
similar to thai of I with the two phosphorus and nitrogen 
atoms in cis position and the chloride and CO ligands in trans 
position. The Ru~CI(I) and Ru=C(33) distances are 
2.407(I) and 1.847(3)/~ and the Cl( I )=Ru-4::(33) angle 
is 175.9( I )°C. The Ru=P and Ruben dislances as well as the 
angles ;ihoul the 1natal center are in the expected ranges. 

c3~ 
C 3 1 ~ j ~  30 

c, 1 c29 

" ~ "  Ru / d:~ P2I C23 C24 

) k~  C22 

C2 , ~ C 4  
C12~Cg C3 

Cll 
C10 

I:ig. 4. Structural view of I Ru( K:( P.N ).Ph:PClt:('H~NMe: ):(CI )(CO) I o 
BPh,,. 2C1-1:CI, ( 6b. 2CH,CI, ) .~howitlg 2()r~ probability thermal ellip~id,, 
( BPh.s and CH,CI~ ,milled for clarity ). 
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When a solution o f ~  in CH2CI2/CH~OH ( I:1 ) is stirred 
for 20 h at room temperature and the volume of the solution 
is then reduced to about one third, a white precipitate of 6c 
has been obtained in 70% yield. Owing to some minor d i f  
ferenees found in the IR and NMR spectroscopic data 
between 6b and 6¢ it is reasonable to assume that in 6c a 
trans-P,P a ~ a  trans-N,N rather than an all cis configuration 
is ~ p t e d .  Unfoaunately. several attempts to grow crystals 
suitable for an X-ray analysis failed. 

Treatment of 4 with I equiv of H C - C R  (R = Ph, 
SiMe.~. n-Bu) results in the formation of the cationic vinyl- 
idene complexes ! Ru( ~(  P.N)-Ph.,PCH,.CH.,NMe: ) :(CI )- 
(=C=CHR) ] + (7-9) ( Scheme 2). All of these complexes 
are air-stable both in the .solid state and in .solution. Charac- 
terization was by elemental analysis, IR, *H. ~'~C{ *H}. and 
~tP{ *H } NMR spectroscopy. 

"me "P{*H} NMR spectrum of 7 reveals two doublets 
cenlered at 38. I and 32.3 ppm with a small coupling constant 
of 26,8 Hz indicating cis-P,P configuration and inequivalence 
of the phosphino-amine ligands. The ~3C { ~H } NMR spectrum 
displays the highly deshielded vinylidene C, re~nance as a 
doublet of doublets centered at 35,8,3 ppm (Joe = 14.4 Hz, 
Jcp-20.9 Hz). This coupling pattern places the two phos- 
phine arums in cis position with respect to the vinylidene 
unit and trans to one of the two nitrogen atoms of the 
Ph:PCH:CH:NMe: Iigands, 

in contrast to 7, the ~P{ 'HI NMR Sl~:irum of 8 and 9 
exhibits just one signal being diagnostic el" two equivalent 
phosphorus atoms, In the *~C{ 'HI NMR spectrum of 8 and 
9 the low-field triplet resonance of the C,. c a l m  of the 
vinyliden¢ moiety is observed at 34.8.9 (J~, ~- 16. I Hz) and 
351,5 ppm l Jv~, ~- 16,9 Hz), r~sl~ctively, This coupling pat° 
tent derives from two equivalent phosphines which a~ both 
cis to the vinylidene unit, However, we cannot distinguish 
wl1¢ther the phosphorus atoms a~ trans or ('is In one another. 

3,5, Catulytic coupling ~q'phenyhr'elyle¢w wi#~ I m~d 3 

Reaction of I or 3 with a 50-tbld excess of HC ~ CPh in 
toluene at reflux tbr 20 h results in an isomeric mixture of Z- 
and E-butenyne~ in a 9:1 ratio in 70~ isolal~ yield ( 30c~ 
unreacted HC~CPh, as seen by TLC), Conversion with 
unchanged product distdhutton d~rea~s  by temperature and 
reaction cen t s  below 90~,  Other terminal alkynes HC ~ CR 
( R ~ Bu", BuL CH:OH, SiMe~) gave no dimeri~ation rent- 
lion under above mentioned conditions, For mechanistic 
~lails, it seems likely thai the catalytic dimcrization is ini- 
tiated h) a neutral vinylidene complex ( 3 or a I~)ssihle isomer 
thermal') by HCI elimination to all'oed a Ifi¢ alkynyl catalyst, 
S~h  an elimination might be facilitated owing to the basic 
NMe: gr~up, In fact, it has ~ n  shown ~cently that neutral 
vinylidene complexes undergo 1,3-HCi eliminations Ul~m 
l ~ a l ~ n !  with ba~ In 8ire I ~  alkynyl inlermc~liates which 
were trapped in the pre~nc¢ of potential lisands sucl~ as CO, 
pyridine or CH~CN I 191, ~ occureence of such interme- 

diates has also been surmised in the coupling reaction of 
terminal acetylenes catalyzed by RuTp(PPh.~) 2CI (Tp = 
trispyrazolylborate) and Ru Cp*( PR~)H3 ( R = Ph, Me, Cy) 
120,21 I. 

4. Supplementary material 

Listings of atomic coordinates, anisotropic temperature 
factors, complete bond lengths and angles, and least-squares 
planes for complexes 1, 4, 6a and 6b can be obtained from 
the authors on request. Corresponding data have been depos- 
ited with the Cambridge Structural Database. 
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