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Abstract: The phosphino-diynes (PPh2C=C-CWR) (R = Bur, Ph, SiMe,) are obtained in excellent yield from the 
corresponding diyne anions R C E C - C q -  by quenching with PPh2Cl. Monosubstitution on Ru,(CO),, yields the trinuclear 
clusters Ru,(CO),,(PPh,Cq-C-R), which upon'thermolysis afford the butadiynyl complexes R U ~ ( C O ) ~ ( ~ - ~ ' , ~ ~ ~ , ~ - C W -  
CGCR)(k-PPh,) (R = Bur, 7a; R = Ph, 7b; R = SiMe,, 7c) as the major products. The full characterization of the series of 
compounds (7a-c) RU~(CO)~(~-~',~~~,~-~C-C~CR)(~,-PP~,) is reported including an X-ray diffraction study of 7a. Crystals 
of 7a are monoclinic, a = 9.849(2), b = 9.886(2), c = 28.368(9) A, P = 95.18(2)", space group P2'/n, and Z = 4; refinement 
converged to R = 0.0243 (R,, = 0.0253). The structure shows that the tetracarbon chain is bonded to the first metal atom by a 
simple M - 4  u bond and to the second via a dative .rr interaction leaving an outer alkyne unit uncoordinated. In the reaction 
between 7a and cobalt carbonyl, a Co,(CO), moiety becomes attached to the -CyECs- bond in a tetrahedral arrangement to give 
the tetranuclear mixed-metal species RU~(CO)~(~-PP~~)(~-~',~~~,~:~-~~,~~~,~-C~C-C=L-BU')C~~(CO)~ 8, as confirmed by X- 
ray crystallography: triclinic, a = 9.9969(9), b = I 1.301 8(9), c = 17.268(1) A, a = 90.653(6)0, P = 100.91 1(6)0, y = 110.465(5)0, 
space group P i  and Z = 2; refinement converged to R = 0.0222 (R, = 0.0264). 

Key words: diruthenium complexes, butadiynyl, synthesis, structure. 

Resume : On a obtenu les phosphino-diynes (PPh,CW-C=R) (R = Bur, Ph, SiMe,), avec un excellent rendement, par 
dksactivation des anions diynes correspondants RC--CW- avec le PPh,Cl. La monosubstitution sur le compose Ru,(CO),, 
donne les clusters trinuclkaires Ru,(CO),,(PPh,C=C-CGCR) qui, sur thermolyse, donnent les complexes butadiynls 
R ~ ~ ( C O ) ~ ( ~ - ~ ' , ~ ~ ~ , ~ - C ~ C - C ~ ~ R ) ( ~ - P P ~ ~ )  (R = Bur, 7a; R = Ph, 7b; R = SiMe,, 7c) comme produits majoritaires. On 
rapporte la caractkrisation complete de la serie de composCs (7a-c) R U , ( C O ) ~ ( ~ - ~ ' , ~ ~ ~ , ~ - - - C W R ) ( ~ - P P ~ ~ )  en incluant 
les Ctudes de diffraction de rayons X du composC 7a. Les cristaux du compose 7a appartiennent au groupe d'espace 
monoclinique P2,ln avec a = 9,849(2), b = 9,886(2), c = 28,368(9) A, P = 95,18(2)", et Z = 4; I'affinement converge vers des 
valeurs de R = 0,0243 (R,, = 0,0253). La structure montre que la chaine tCtracarbon6e est liCe au premier atome mktallique par une 
liaison u simple M-C et au second via une interaction dative .rr laissant l'unitC alcyne externe non coordonnke. Dans 
l'interaction entre le compost 7a et le cobalt carbonyle, l'unitC CO,(CO)~ devient attachCe i la liaison -C GCs- selon un 
arrangement tetraedrique pour donner l'espece rnktallique mixte tktranucleaire R U ~ ( C O ) ~ ( ~ - P P ~ ~ ) ( ~ - ~ ' , ~ ~ , ~ : ~ - ~ ~ , ~ ~ ~ , ~ - C ~ -  
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C=CBU')CO,(CO)~ 8, tel que confirm6 par cristallographie de rayons X : les cristaux sont tricliniques, a = 9,9969(9), 
b = 11,3018(9), c = 17,268(1) A, a = 90,653(6)", P = 100,911(6)", y = 110,465(5)", groupe d'espace PT et Z = 2; 
l'affinement converge vers des valeurs de R = 0,0222 (R, = 0,0264). 

Mots clis : complexes de diruthknium, butadiynyl, synthkse, structure. 

[Traduit par la rtdaction] 

Introduction 

Polyyne-yl 1, polyyne-diyl 2, alkapolyene-ylidene 3, and 
alkapolyene-bis(y1idene) 4 ligands offer exciting possibilities 
for linking metal centres in extended linear chains via metal- 

carbon single (M-C,) (e.g., 2) and double (M=Csp) (e.g., 4) 
bonds or three-dimensional arrays by using both the a and IT 

electrons of the polycarbon fragment. Much attention has 
focussed on linear bis(acety1ide)-based metal complexes due 
to the interesting nonlinear optical and liquid crystalline prop- 
erties of rodlike oligomers and polymers derived from these 
building blocks (see, for example, ref. 1). Metal fragment ter- 
minated polyyne-diyls L,M-(Cq),-ML, (2) are also being 
examined in detail in an effort to prepare materials known as 
molecular wires where the potential for electronic communi- 
cation along an extended unsaturated C, chain can be explored 
(3). Monometallic and bimetallic cumu-lenes such as the pen- 
tatetraenylidene ruthenium complex [Ru=C=C=C=C= 
CPh,(Cl)(DPPE),][PF,] (4) and the butatrienebis(y1idene) 
rhenium compounds [Re]=C=C=C=C=[Re]  ([Re] = 
Cp*(NO)(PPh3)+) (3c) have also been synthesized to probe the 
materials, and the electronic and chemical properties of these 
linear polyunsaturated metal complexes. Yet another unsatur- 
ated unit for assembling rodlike materials is the polyynylalky- 
lidyne 5 where metal fragments terminate a chain via M*, 
or M-C, bonds.' There are now many examples of organo- 
metallic complexes built from the structural entities repre- 
sented by 1-5. The polyyne bis(alky1idyne) 6 represents 
another potential building block. In each of these ligands, the 
polyunsaturated carbon chains, as well as the metal-carbon 
multiple bonds in 3-6, are potential sites for further metal 
complexation and these additional IT-bonding capabilities 
offer enormous scope for the development of new classes of 
metal-adorned polycarbon materials. ke t  to date, few attempts 
have been made to exploit this carbon-carbon unsaturation to 
build new polymetallic compounds (5c,d, 6). 

Examples of polyynylalkylidynes are known. See for example, 
ref. 5. 

As an extension of our detailed investigations on the chem- 
istry of bi- and polynuclear compounds bearing p-T-bound 
acetylides (7) we have initiated a program to synthesize poly- 
metallic complexes with diynyl -(C-L),-R and diyne-diyl 
-(C*),- ligands where one or both C-C multiple bonds are 
bound in T-fashion to metal fragments. We have found that 
the phosphino-diynes (PPh2CEC-C-R) (R = But, Ph, 
SiMe,) provide convenient entry to this area of chemistry, 
undergoing facile P-C bond cleavage in the metal coordina- 
tion sphere to access complexes containing the butadiynyl 
ligand. In this paper, we describe the synthesis of these phos- 
phinodiynes and the eneration of the first series of binuclear 7 compounds with k-q ,q2 diynyl ligands, namely Ru2(CO),(k- 
ql,q2,,p-C-t-C=CR)(p-PPh2) (R = But, 7a; R = Ph, 7b; R = 
SiMe,, 7c). In this series of compounds, in addition to a metal- 
C, bond to one metal, one o f the  two carbon-carbon triple 
bonds of the diynyl ligand is attached in 17' fashion to a second 
metal atom via a7.rr interaction. The remaining triple bond is 
free. A further incentive for the study of molecules of type 7 is 
the opportunity to compare reactivity patterns for coordinated 
vs. free triple bonds in the same molecule and we report here 
the reactivity of 7a towards C O ~ ( C O ) ~ .  TO our knowledge, 
such a comparison has not been made for alkyne triple bonds. 

Results and discussion 

Synthesis and characterization of PPh,C=C-C=CR 
(R = But, Ph, SiMe,) 

The phosphinodiynes PPh,C-L-C-R (R = But, Ph) were 
obtained in good yields from the corresponding terminal 
butadiyne by low-temperature deprotonation followed by 
addition of PPh2C1. The diynes ButC--C*H and 
P h C q - C - - L H  were prepared according to a literature pro- 
cedure involving the Cadiot-Chodkiewicz coupling of an 
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Scheme 1. 

toluene, R.T. I CI 

(i) 2 LDA, -78°C 
(ii) PPh2CI 1 

(i) MeLi, -78°C 
Me3Si-CGC-CEC-SiMe, - Me3Si-C~C-C~C-pPh2 

(ii) PPh2CI 

appropriately substituted 1-bromoalkyne and the alkynol 
HC--LCMe,OH (8). This method, however, is a multistep 
process that provides the diynes in low to moderate overall 
yield and is particularly unreliable in the case of R = Ph 
because of a facile polymerization pathway. We have found 
that a relatively simple two-step route can give direct access to 
PPh2C--L-C--LPh, thus avoiding the necessity of isolating 
the parent diyne. As shown in Scheme 1, the Pd-catalyzed cou- 
pling of cis-l,2-dichloroethylene and PhC-H gives the 
chloro-enyne (9), which is then treated with two equivalents of 
base to give the diyne anion. Quenching of this solution with 
PPh,Cl affords the desired acetylenic phosphine in much 
improved yield (56%) compared with the Cadiot-Chodkie- 
wicz route (17%). The attempted coupling of ButC%H and 
HClC=CHCl under identical conditions proved unsuccessful, 
however. A GC-MS analysis of the reaction mixture gave a 
strong signal corresponding to B u ' C q C q B u t  and, while 
reductive elimination of the alkynyl ligands in first-formed 
(PPh3)2Pd(CECR)2 followed by C-C coupling is thought to 
be the first stage in the catalytic process (lo), it seems that sub- 
sequent oxidative addition of more alkyne is favoured over 
addition of HClC=CHCI. 

The SiMe,-substituted phosphinodiyne was prepared in 
almost quantitative yield (92%) by monodesilylation of 
Me,SiC=C-CGCSiMe, using MeLi to give the diyne anion 
Me,SiC--Cq- (1 1). Subsequent in situ treatment with 
PPh,CI afforded the desired PPh2C=C-C-SiMe, quantita- 
tively and this was isolated as a pale yellow powdery solid. 

The series of phosphinodiynes has been characterized by 
elemental analysis and by IR, NMR, and mass spectroscopies. 
The latter show the molecular ion at the expected mass and in 
addition each gives a strong signal corresponding to a PPh2C4 
fragment. ,'P spectra exhibit the expected high-field reso- 
nance at - 6 -30 while 'H data are in accord with expecta- 
tion. All four butadiynyl carbons (PPh,C,--Cp-C EC,-R) are 
observed in the ',c spectra and, in common wit1 previously 
reported alkynylphosphines PR2C%Rf (12), Cp resonates 
downfield of C,. Assignment of the ',c signals was achieved 
on the basis of the magnitude of the Jpc coupling constant and 
by comparing C{'H) and proton-coupled spectra. Thus dis- 
tinct doublets are observed for C, (JPC = 9-15 Hz) and Cp (Jpc 
= - 6 Hz) (cf. Jpc = 15.8 and 5.2 Hz for C, and Cp, respec- 

tively, in the bisphosphine PPh,-C,=Cp-C%-PPh, (13)) 
while C, and C8 appear as singlets in the c{'H) spectra. For 
PPh,C=C-C--LPh, C, is considerably broadened and this 
effect may be due to communication along the unsaturated 
carbon chain. Identification of C, is readily apparent in the 
proton-coupled 13c spectra, occurring either as a multiplet (R 
= Bu', Ph) or as a broadened singlet (R = SiMe,). The remain- 
ing quaternary carbon resonance is thus ascribed to C,. 

Synthesis and chemistry of ~ u ~ ( ~ ~ ) , ( p - q ' , q ~ ~ , ~ -  
CEC-CECR)(p-PPh,) (R = But, Ph, SiMe,) 

Addition of a few drops of sodium benzophenone ketyl cata- 
lyst to a room temperature THF solution of Ru,(CO),, 
and a slight excess of PPh,CW-CECR allows rapid and 
quantitative conversion to the monosubstituted product 
RU,(CO)~,(PP~,C-L-C~CR). Therrnolysis of this solution 
effects P-C bond cleavage and cluster fragmentation 
(Scheme 2) to afford the yellow dinuclear u--rr complexes 
RU,(CO)~(~-~',~~~,~-C~-C~R)(~.-PP~~) in reasonable 
yield (R = Bur, 3 1 %, 7a; R = Ph, 24%, 7b; R = SiMe,, 20%, 7c) 
after work-up. 

The spectroscopic properties of the series 7 are entirely in 
accord with expectation and correlate closely with those 
observed in the acetylide analogue R ~ ~ ( c o ) ~ ( ~ - r l ' , + q ~ -  
C--LR)(p,-PPh,) (A). Thus six v(C0) bands are found in the 
IR spectrum. These appear at slightly higher wave numbers 
than in their acetylide counterparts and presumably reflect the 
electron-withdrawing effect of the outer alkyne group. 

The ,'P NMR spectra show the expected single peak in the 
chemical shift range 122.0 - 124.6 with frequencies typical of 
phosphido-bridged Ru-Ru bonds (14). In the corresponding 
acetylides Ru,(CO)~(~-~',~~-C--LR)(~-PP~,) (R = But, Ph) 
6 , ' ~  values are 125.2 and 130.5 ppm, respectively (15). As 
was observed in the case of the acetylides (A), 7a-c show 
dynamic behaviour in solution and thus exhibit only three CO 
resonances in the ',c NMR spectrum. This occurs as a result 
of UIT interconversion in which the coordinated C4R ligand 
undergoes rapid exchange between the two metal sites, via the 
well-known windshield wiper fluxional process. All three CO 
resonances are phosphorus-coupled and consist of a character- 
istically large Jpc coupling for the CO trans to the phosphido 
bridge (JPC - 72 Hz) and two smaller cis couplings (Jpc - 12 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

T
A

SM
A

N
IA

 o
n 

11
/3

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



Can. J. Chern. Vol. 74, 1996 

Scheme 2. 

a, R=BU', t = 4 h  

b, R = Ph, t =  2.5 h  

c, R = SiMe3, t  = 2 h 

Hz, trans to M-Cp bond; JPC - 5 HZ, trans to M-M bond) 
(16). The four sp diyne carbon resonances of 7a-c were all 
located and lie in the range 6 74-109. Chemical shifts for C,- 
C8 were assigned on the basis of their Jpc coupling constants., 
Thus in each case C, appears as a doublet with a coupling to 
phosphorus of -28 Hz and is found downfield of the other 
quaternary carbons, consistent with its unique coordination to 
both metal centres. The signal ascribed to Cp shows a JPC of 
-8 Hz and these couplings match almost exactly those 
observed in R U , ( C O ) , ( ~ - ~ ' , - ~ ~ - C = R ) ( ~ - P P ~ ~ ) .  In the latter 
compounds the chemical shift of C, and Cp is dependent on 
the nature of the R group; for the archetypal electron-with- 
drawing group R = Ph, C, is downfield of Cp while for the 
electron-donating But and Prl substituents the positions of the 
signals are reversed. This picture is consistent with our obser- 
vation that in 7a-c, C, occurs at lower field than C due to the .p 
presence of an electronegative outer alkynyl functionality. 

Whereas in 7a and 7c P-C coupling extends only to C,, the 
resonance of C, in the 13c spectrum of 7b appears as a doublet 
with 5 ~ p C  = 3 Hz. It is tempting to attribute this to increased 
communication along the C, chain when the terminal group is 
a phenyl substituent attached to C, via an sp2 Phi,,,, carbon 
atom. A paucity of 13c NMR data for butadiynyl complexes 
prevents any assessment of the generality of this phenomenon; 
however, it is worth noting that in the -q'-butadiynyl species 

See illustration for designation of C,, Cp, C,, C,. 

R~(c=c=P~)(co)(PP~,),, P-C coupling also extends to 
the C8 carbon (6a). In contrast, for the diynyl complexes 
Cp*Re(NO)(PPh,)C,R (R = H, Me, SiMe,), P-C coupling to 
C, is absent (5a). Long-range, six-bond P-H coupling in the 
terminal butadiynyl compounds trans-Ru(CO),(PEt,),(C= 
CC--LH), has also been cited as evidence of electronic com- 
munication along a C, chain (If). In the free ligands 
PPh,C=CC--LR, Jpc coupling extends only to Cp, with C, 
and C, resonating as singlets, although in the case of R = Ph, 
the signal corresponding with C, is considerably broadened. 
Thus it appears that the binding of the C, ligand to the metal 
enhances electronic communication between the phosphorus 
atom and the butadiynyl carbons. 

Since 7a-c represent the first known CL-q',q2-butadiyny1 
complexes, it was of interest to determine precise details of the 
structure for comparison with the acetylide analo ues. Thus 
an X-ray diffraction study of R u 2 ( C o ) 6 ( ~ - q ~ , q ' a , p - c ~ -  
C*Bu1)(+-PPh,) 7a was undertaken and the molecular 
structure is shown in Fig. 1. In the dinuclear molecule two 
Ru(CO)~ units are bonded via a short (Ru(1)-Ru(2) 2.769(1) 
A) bond and are bridged by a symmetrical phosphido group 
(Ru(1)-P-Ru(2) 71.9(1)") and a butadiynyl ligand. The tetra- 
carbon fragment is attached to the diruthenium unit via the 
inner C,-Cp triple bond, leaving the outer alkyne group 
unattached. The bonding mode is thus constituted from a a 
interaction between Ru(1) and C(7) (2.03 l(3) A) and a T-type 
coordination of the C(7)-C(8) triple bond to Ru(2) (Ru(2)- 
C(7) 2.284(3) A, Ru(2)-C(8) 2.408(3) A). The C(7)-C(8) 
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Blenkiron et al. 

Fig. 1. The molecular stmcture of R U , ( C O ) ~ ( ~ J , - ~ ' , ~ ~ ~ , ~ ~ - C =  
C-C=CBur)(pPPh2) 7a showing the atomic numbering scheme. 
Hydrogen atoms are omitted for clarity. 

Fig. 2. Key bond lengths and angles in the Ru-C=C-CS 
fragment of 7a. 

distance of 1.227(5) A in 7a compares favourably with that 
found in the corresponding acetylide R U ~ ( C O ) ~ ( ~ - ~ ~ , ~ ~ -  
C=CBU?(J.L-PP~,) (1.218(4) A) but is significantly longer 
than values normally found for C W  bond lengths in metal- 
alkynyl complexes where the triple bond is uncoordinated. 
Indeed, transition metal-alkynyl C E C  bond lengths fall into a 
relatively narrow range of values and show only small struc- 
tural perturbations across a wide array of chemical and elec- 
tronic environments. A recent compilation by Manna et al. 
revealed that two-thirds of the C E C  distances recorded fall in 
the range 1.190-1.214 A (mean value 1.201(16) A (17). Thus 
the influence of p,-q1,q2 coordination is to effect a small but 
noticeable elongation of the C E C  triple bond with respect to 
free acetylene (1.2033(2) A) and in metal ql-alkynyl com- 
plexes. It is interesting that in the molecules trans- 
Ru(CO)~(PE~,),(C-LCWS~M~,),  where the butadiynyl 
ligands are terminal, the C, -C bond length of 1.226(2) A is 
essentially identical to that in f a .  In this case -C%- bond 
lengthening was attributed to greater delocalization along the 
RuC=CC--LSiMe, chain in the Me3Si-substituted diynyl 
complex. This can be represented by a contribution of the type 
-Ru=C=C=C=C=SiMe,+ to the ground state and implies both 
Rudr-Cpn* and Sidr-polyyne a interactions. 

A comparison of the Ru(1)--C(7) distance (2.031(3) A) in 
7a with Ru--Csp bond lengths in ruthenium ql-ynyls and diy- 
nyls ( t rans-Ru(CO),(PE~,)~(C~P~), ,  Ru(1)--C, 2.074(3) 
A; trun~-Ru(C0)~(PEt,)~(C~CSiMe,)~, Ru(1)-C, 2.062(2) 
A; ~~~~S-RU(CO),(PE~,),(C~C~CS~M~,)~, Ru(1)-CsP 
2.057(2) A) (lj) indicates significant Ru-C, bond shortening 
in 7a consistent with some degree of Ru-C, multiple bond- 
ing as represented by the vinylidene-like structure B. 
This shortening of the formal single bond between the a- 
bound metal atom and C, of an acetylide coordinated in 
F-q1,q2- fashion at a dinuclear centre becomes even more 
apparent in trinuclear acetylides. Thus, for example, in 

Ru,(CO)~ (CL3-q',q2,q2-~~~~ri)(CL-~~h2) the Ru(2)-C(1O) 
sp bond length is 1.960(6) A (18) and in {Ru,(CO),(k- 
PPh ) )  (kb-C,) where a diyne-diyl unit is bonded in k- 

I 2 '2 q ,q ,q - fashion to two separate Ru3 centres the formal Ru- 
C, u bonds are of length 1.936(6) A (19). These latter values 
approach the Ru-CO distances. The presence of partial 
metal-carbon multiple bonding in the vinylidene-like reso- 
nance form B has implications for the chemistry of these 
ruthenium diynyl complexes towards unsaturated metal frag- 
ments, as will be described in a forthcoming communication. 

The uncoordinated alk ne -CEC-  bond of 7a is very short 
(C(9)-C(10) 1.172(6) 1 and in the normal range for free 
alkynes (cf. HC-H 1.2033(2) A). Thus it appears that the 
outer, uncoordinated alkyne in 7a serves as an electronegative 
substituent on the CL-q',q2-Ynyl fragment, enhancing R u ~ T -  
Cpa* backbonding, shortening Ru-C,, and elongating 
the -C--L- triple bond of the T-coordinated ynyl group. 

As expected, there is a marked deviation from linearity in 
the butadiynyl group on coordination, as shown schematically 
in Fig. 2, with a C(7)-C(8)-C(9) angle of 164.9(4)", indicative 
of some carbon atom rehybridization. This compares closely 
with corresponding angles in the related tetrairon buta- 
diynediyl complex {Fe2(C0)b(~-PPh2))2(~4-C4) reported by 
Bruce and co-workers (164.2(4), 165.8(5)") (19) and 
approaches those recorded for n-coordinated substituted 
butadiyne complexes (2c, 6a, 20). The Ru(1)-C(7)-C(8)-C(9) 
fragment is trans bent as opposed to the normal cis bending of 
an alkyne on -q2 coordination. 

The C(8)-C(9) (1.400(5) A) bond linking the two alkyne 
units is shorter than its formal single designation would sug- 
gest and is evidence for a certain amount of electronic delocal- 
ization along the C, fragment. This effect has been noted in 
structural studies of organic diynes (21) as well as in other 
transition metal butadiynyl complexes (If, 2c,d, 3a, 22). 

A rational mechanism for the formation of 7a-c involves 
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Scheme 3. 

Scheme 4. 

c02(c0)8 - 
RT, 2 h 

- 2CO 

initial attachment of the phosphinobutadiyne via phosphorus 
to an Ru3(CO), , moiety followed by intra- (Scheme 3) or inter- 
molecular .rr coordination of one triple bond, subsequent P-C 
bond scission, and formation of p-phosphido and p-q-alkynyl 
groups. This mechanism allows the generation of both dinu- 
clear p-q1,q2- and trinuclear alkynyl complexes. 

We were interested in exploring the chemical behaviour of 
the butadiynyl ligand in 7 and as an initial test of its reactivity 
we investigated the reaction with dicobalt octacarbonyl, 
CO,(CO)~ (Scheme 4). From the crystal structure of 7a it 
appears that the outer alkyne unit is fairly accessible and so it 
seemed possible that a Co2(CO), group might coordinate per- 
pendicular to the triple bond to furnish the well-known tetra- 
hedral Co2C2 arrangement. Thus addition of Co,(CO), to 7a at 
room temperature gave smooth and quantitative conversion to 
a single red-brown product after 2 h. A single crystal X-ray 

diffraction study confirmed the coordination of a [Co,(CO),] 
unit to the alkyne function to give the mixed-metal tetranu- 

2 2 clear compound R U , ( C O ) ~ ( ~ - P P ~ , ) ( ~ - ~ ~  ,q2a,p: p-q ,q y,s- 

C q - C ~ B u t ) C o 2 ( C O ) ,  8. The molecular structure of 8 is 
shown in Fig. 3. 

The structural parameters of the Co2C2 tetrahedrane unit in 
which the alkyne acts as a bridging p2 ligand to the dicobalt 
system are consistent with those reported for other compounds 
containing this fragment. Thus the Co(1)-40 2) and C(15)- d C(16) separations of 2.462(1) and 1.365(4) , respectively, 
compare with the ranges 2.453(4)-2.477(2) and 1.32(4)- 
1.36(3) A found for five other Co2(C0),(p-diyne) complexes 
(13,23). Similarly, the Cc-C distances in the Co2C2 core fall 
in the ranges found for these same compounds. The structure 
provides an interesting comparison of the effect of a three- 
electron donor a-.rr alkynyl group versus a four-electron 
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Blenkiron et al. 

Fig. 3. The molecular structure of R~,(co)~(k-PPh,)- 
( ~ - q 1 , q 2 a , p : C L - q 2 , T 2 , , 6 - ~ ~ - ~ ~ ~ ~ ' ) ~ ~ 2 ( ~ ~ ) 6  8 showing the 
atomic numbering scheme. For clarity, only the ipso carbons of 
the phenyl rings are drawn and the hydrogen atoms are omitted. 

donor 2~ acetylene functionality. The effect is most apparent 
in the C* bond lengths of the two alkyne units with the 2 r -  
bonded moiety giving a greater separation (C(15)--C(16) 
1.365(4) A) than that seen in the cr-T-bound unit (C(13)- 
C(14) 1.241(3) A). The Co, axis in 8 is bound essentially sym- 
metrically to the C X  bond (Co(1)-C(15) 1.97 1 (2), Co(1)- 
C(16) 1.968(3), Co(2)-C(15) 1.963(2), Co(2)-C(16) 
1.960(3) A) with the C-C and Cc+Co vectors lying perpendic- 
ular to one another. Addition of the dicobalt moiety produces a 
bending back of the outer alkyne substituents (C(14)-C(15)- 
C(16) 135.0(2)", C(15)-C(16)-C(17) 136.8(2)") and an 
increase in the trans-bending of the inner Ru2-coordinated 
alkyne, C(13)-C(14)-C(15) 158.2(3)" (vs. 164.9(4)" in 7a). 
The cis-bending in the C(14)-C(15)-C(16)-C(17) fragment is 
slightly greater than normal (e.g., 138.9(6)" and 144.6(6)" in 
{ C O ~ ( C ~ ) ~ ] P ~ C - - L - C ~ P ~  (23b)) and may be caused by 
the steric constraints of the Bu' and Ru,(CO)~(PP~,)(C,) sub- 
stituents. 

The complexes 7a-c provide a unique opportunity to com- 
pare directly the reactivity of free and coordinated alkyne units 
and to assess the impact of a second alkynyl group. It is clear 
from initial studies that 7 exhibits distinctly different reactivity 
patterns in comparison with its monoynyl counterpart (24). 
Further investigations in this area are currently underway. 

Experimental section 

General procedures 
All manipulations and reactions were carried out under an 
atmosphere of dinitrogen using standard Schlenk-line tech- 
niques or in a dry-box. Solvents for reactions, chromatogra- 
phy, and crystallizations were distilled under nitrogen from 
appropriate drying agents prior to use. Reactions were moni- 
tored by thin-layer chromatography (Baker-flex IB2-F) and 

infrared spectroscopy (carbonyl region). Purification of prod- 
ucts was performed by column chromatography using oven- 
dried (1 50°C, 24 h) silica gel (70-230 mesh) on a dry-packed 
column or by thin-layer chromatography (TLC). Triruthenium 
dodecacarbonyl, dicobalt octacarbonyl, and chlorodiphe- 
ny lphosphine were purchased from Strem, cis- 1,2-dichloro- 
ethylene, 3-3-dimethyl-l-butyne, and 1,4-bis(trimethylsily1)- 
1,3-butadiyne from Aldrich and were used without further 
purification. 5,5-Dimethyl-hexa- l,3-diyne was prepared 
according to the literature procedure (8). 

IR spectra were recorded on Nicolet 520 FTIR and Bio-Rad 
FTS-40A instruments, using sodium chloride cells of 0.5 mm 
path length for solution spectra (n-hexane) or as KBr pellets. 
NMR spectra were recorded on Bruker AC 200, AM 200 ('H, 
200 MHz; 3 1 ~ { ' ~ )  81.0 MHz; 1 3 ~ { 1 ~ ]  50.3 MHz) and MSL 
300 ('H, 300 MHz; 3 1 ~ { ' ~ ]  121.5 MHz) instruments. The 
3 ' ~ { ' ~ j  spectra are referenced externally to 85% H,PO, and 
'H, ',c to solvent sources. Mass spectrometric data were 
obtained by GC-MS on a Hewlett-Packard 5790A GC with a 
Hewlett-Packard 5970A mass selective detector (EI, 70 eV). 
Elemental analyses were performed by M-H-W Laboratories, 
Phoenix, Arizona, and by the Microanalysis Service of the 
Institute for Biological Sciences, NRC, Ottawa. 

Syntheses 

P P h 2 F C - P C - B u t  
A two-necked round-bottomed flask (250 mL) was charged 
with Bu'Cq-CGC-H (3.60 g, 33.9 mmol) and diethyl ether 
(25 mL) and cooled to -78°C. To this was added a slight 
excess of 1.6 M BunLi (22.0 mL, 35.2 mmol) over 20 min 
using a dropping funnel and the solution allowed to stir for 1 h 
before the addition of PPh,Cl (6.2 mL, 34.5 mmol) in ether (10 
mL). After warming to room temperature and further stirring 
for 1 h the solvent was partially removed and benzene added. 
The resulting white precipitate (LiC1) was filtered off to yield 
a pale yellow oil on drying. Addition of n-hexane precipitated 
an off-white microcrystalline solid. Yield = 6.90 g, 70%; mp 
72°C. 

P P h 2 C ~ - C ~ - B u ' :  IR v ( ~ s ) / c m - ~ ,  (C6H14): 2249 VS, 
2208 s, 2102 s; (KBr): 2250 m, 2207 s, 2100 w. 'H NMR 
(CDCl,) 6: 7.53-7.22 (m, lOH, Ph), 1.17 (s, 9H, Bu'). 13c { 'H j 
NMR (CDCI,) 6: 135.3 (d, Jpc 5.9 HZ, PC;,,,), 132.7-128.6 
(m, Ph), 92.0 (d, Jpc 6.0 Hz, Cp), 9 1.74 (s, C6), 74.3 (d, JpC 8.8 
Hz, C,), 64.2 (s, C,), 30.4 (s, CMe,), 28.2 (s, CMe,). Proton- 
coupled 13c NMR (CDCl,) 6: 135.4-127.0 (m, Ph), 92.0 (d, 
JPc5.8Hz,Cp),91.7(m,C6),74.3 (d, JpC 12.5Hz,Ca),64.2 
(s, C,), 30.4 (virtual qt, CMe,), 28.2 (m, CMe,). 3 1 ~ { 1 ~ )  

NMR (CDCl,) 6: -31.4 (s). MS: 290 (M)', 233 (M - But)+, 
57 (But)+. Anal. calcd. for CzoHl,P: C 82.74, H 6.60; found: C 
82.64, H 6.70. 

Synthesis of P~FC-CH=CHCI:~ Phenylacetylene (5.90 
mL, 53.7 mmol), and 2.5 molar equivalents of cis-1 ,2-dichlo- 
roethylene (13.0 g, 134 mrnol) were placed in a 250 mL round- 

This synthesis is based on the method reported by Kende and 
Smith (9a). We found that use of trans-Pd(PPh,),Cl, gave 
slightly better yields than Pd(PPh,), (90% vs. 75%). 
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Table 1. X-ray crystallographic and data processing parameters for 7a and 8. 

Formula 
Molecular weight 
Crystal size (mm) 

Crystal system 
Space group 

a (A) 
b (A) 
c (A) 
a ( O )  

P ("1 
Y ("1 
v (A3) 
z 

D, (g cm-3) 
Radiation (MoKa, A) 

F(OO0) 
p (cm-') 

Scan type 
29 range ( O )  

Scan width ( O )  

Scan speed (" min-I) 
Reflections measured 
Reflections observed 

R 

R,,, 
GoF 

Monoclinic 
P2, In 

9.849(2) 
9.886(2) 
28.368(9) 
- 

95.18(2) 

C~,H, ,CO~O]~PRU~ 
946.4 

0.56 x 0.54 x 0.24 x 
0.31 x 0.54 x 0.48 

Triclinic 
PT 

9.9969(9) 
1 1.30 18(9) 
17.268(1) 
90.653(6) 
100.91 l(6) 
1 10.465(5) 
1788.4(3) 

2 
1.758 

0.71073 
928 
18.43 
0 

4.0-52.0 
1.20 

3.00-30.00 
744 1 

6329 ( F  2 6.0o(F)) 
0.0222 
0.0264 

2.29 

bottomed flask along with n-butylamine (25 mL, 253 mmol), 
copper iodide (0.30 g, 1.58 mmol) and t ran~-Pd(PPh~)~Cl~  
(0.30 g, 0.43 mmol). The solution was stirred for 16 h after 
which the solvent was removed under reduced pressure to 
afford a red-brown oil. Column chromatography on SiO, 
yielded a pale yellow oil identified by GC-MS as the chloro- 
enyne PhCX-CH=CHC1(7.90 g, 90%). 

Synthesis of P P h , F C - F C - P h :  The enyne PhCEC- 
CH=CHCl (5.80 g, 35.7 mmol) was dissolved in THF (150 
mL) and cooled to -78°C. Addition of two molar equivalents 
of LDA gave an orange-brown solution, which was stirred at 
low temperature for 3 h before treating with PPh2C1 (7.0 rnL, 
39.0 mmol). After 20 min the low-temperature bath was 
removed and the solution stirred for a further 2 h after temper- 
ature equilibration. Partial evaporation of the solvent, filtra- 
tion, and then drying yielded a brown oil, which was 
chromatographed on silica. Elution with dichloromethane-n- 
hexane (3: 10) and evaporation of the solvent gave P P h 2 C X -  
CEC-Ph as a pale yellow powdery solid. Yield 6.90 g, 62%, 
mp 54°C. 

PPh,C=L-Cq-Ph: IR v(~--~)lcm- ' ,  (C6H14): 2205 vs, 
2208 s, 21 11 m; (KBr): 2201 s, 2104 w. 'H NMR (CDCl,) 6: 

, 7.64-7.27 (m, Ph). 13c{'~) NNMR (CDC1,) 6: 134.9 (d, Jpc 
6.1 Hz, PC,p,), 132.7-128.5 (m, Ph), 121.1 (s, Ph,p,), 91.4 (d, 
Jpc 6.2 HZ, Cp), 81.0 (s, C6), 80.9 (d, JPC 12.8 HZ, C,), 74.1 (s, 
br, C ). Proton-coupled I3c NMR (CDCI,) 6: 134.9-126.7 (m, 
Ph), 121.1 (m, Phipso), 91.4 (d, Jpc 5.9 Hz, Cp), 81.0 (m, C8), 
80.9 (d, JPC 14.4 Hz, C,), 74.1 (s, br, C,). 3 ' ~ { L ~ )  NMR 

(CDCI,) 6: -30.0 (s). MS: 310 (M)', 233 (M - Ph)'. Anal. 
calcd. for C,,H,,P: C 85.15, H 4.87; found: C 85.24; H 4.57. 

PPh ,FC-EC-S iMe ,  
A solution of Me,SiC--L-CGCSiMe, (4.0 g, 20.6 mmol) in 
THF (90 mL) was cooled to -78°C and treated with a slight 
excess of MeLi (16.0 mL, 22.4 mmol). After a few minutes a 
fine off-white precipitate had formed. Stirring at -78°C was 
continued for 2 h before allowing the solution to warm to 
-40°C for 30 min. On cooling to -78"C, PPh2C1 (4.0 mL, 
22.3 mmol) was added. After 30 min, the cooling bath was 
removed and the solution was allowed to warm to room tem- 
perature. Removal of the solvent under reduced pressure pro- 
duced a brown oil, which was chromatographed on silica. 
Elution with dichloromethane-n-hexane (1: 1) yielded a single 
colourless band that afforded PPh,C=C-CX-SiMe, as a 
pale yellow solid on evaporation of the solvent. Yield 5.78 g 
(92%); mp 32°C. 

PPh ,Cq-Cx-S iMe , :  IR v ( ~ ~ ~ ) l c m - ' ,  (C6H14): 2228 
vw, 2165 w, 2073 s. 'H NMR (CDC13 6: 7.61-7.33 (m, 10H, 
Ph), 0.21 (s, 9H, SiMe,). 13c{'~) NNMR (CDC1,) 6: 135.6 
(d, Jpc 6.1 Hz, PC,,,), 133.4-129.5 (m, Ph), 92.5 (d, Jpc 6.4 
HZ, Cp), 91.5 (s, C,), 88.3 (s, C ) 77.0 (d, Jpc 14.9 HZ, C,), 
0.03 (s, SiMe,). proton-coup led"^ NMR (CDCI,) 6: 135.5- 
127.9(m,Ph),92.5 (d, Jpc5.9Hz,Cp),91.5 (s,br,C6),88.3 (s, 
C,), 77.0 (d, Jpc 15.2 Hz, C,), 0.0 (q, JcH 120 Hz, SiMe,). 
3 1 ~ { ' ~ )  NMR (CDC1,) 6: -31.7 (s). MS: 306 (M)', 233 (M 
- SiMe3)+, 73 (SiMe3)+. Anal. calcd. for C19H19PSi: C 74.48, 
H 6.25; found: C 74.25. H 6.39. 
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Blenkiron et al. 2357 

Table 2. Atomic coordinates (x104) and equivalent isotropic Table 3. Bond lengths (A) for Ru,(CO),(k-~',~'-C=-C=BU')- 
displacement coefficients (A2 x lo4) for ~u~(CO),(k-q',q'- (p-PPh,) 7a. 
Cs-C=Buf)(p-PPh,) 7a. 

Ru(1)-Ru(2) 2.769 ( 1) Ru(1)-P(1) 2.362 (1) 
Atom x Y z U(eq) Ru(I)<(I) 1.905 (4) Ru(l)<(2) 1.910 (4) 

Ru(l) 

P(l) 
O(1) 
O(2) 
O(3) 
O(4) 
O(5) 
O(6) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
(310) 
(311) 
C(11 A)" 
C(12) 

"Atoms C(l IA), C(13A), and C(14A) arise from a disorder about the 
tert-butyl group. 

R~,(CO)~IJ.-~',~~~,~-FC-FCB~~)(IJ.-PP~~) 7a 
Triruthenium dodecacarbonyl (2.50 g, 3.91 mmol) was dis- 
solved in tetrahydrofuran (300 mL, three freeze-pumpthaw 
cycles) and treated with a slight excess of PPh,C--CqBut 
(1.20 g, 4.13 mmol). A few drops of sodium benzophenone 
ketyl catalyst in THF were added, causing an immediate 
colour change to deep red. After stimng for 10 min an IR 
(2098 w, 2047 s, 203 1 ms, 2016 s cm-') indicated the complete 
consumption of Ru,(CO),, while a spot TLC showed a single 
red-orange band that we assign as the monosubstituted species 
Ru3(CO),,(PPh2C~-C=But). The solution was then 
heated to reflux for 4 h, causing considerable darkening. On 

Ru( 1 ) 4 ( 3 )  1.958 (4) 
Ru(2)-P( I )  2.355 (1) 
Ru(2)<(5) 1.880 (4) 
Ru(2)<(7) 2.284 (3) 
p ( 1 ) 4 ( 1 5 )  1.830 (3) 
O(l)-c(l) 1.135 (6) 
0(3)-C(3) 1.127 (5) 
0(5)-c(5) 1.132 (5) 
C(7)-C(8) 1.227 (5) 
C(9)-C(10) 1.172 (6) 
C(lO)<(I IA) 1.310 (31) 
C(11)<(13) 1.5 1 1 (20) 
C(I 1A)-C(12) 1.478 (33) 
C(I1A)-C(14A) 1.568(38) 
C(15)<(20) 1.392 (5) 
C(17)-C(18) 1.366 (8) 
C(19)<(20) 1.382 (6) 
C(2 1)<(26) 1.393 (5) 
C(23)<(24) 1.367 (7)) 
C(25)<(26) 1.380 (6) 

cooling, the solvent was partially evaporated in vacuo and the 
residue absorbed onto a small amount of silica gel. Column 
chromatography on silica yielded a minor band of Ru3(CO),, 
(identified by IR) using n-hexane as eluant. With dichloro- 
methane-n-hexane (1:49), a broad band of pale yellow 7a was 
then removed. Reducing the volume to -5 mL and overnight 
cooling to - 10°C yielded 0.805 g (31%) of a yellow crystal- 
line solid; mp 1 19°C. 

7a: IR(C6H14) w(co)/c~-': 2085 s, 2057 s, 2021 s, 2010 m, 
2002 s, 1990 mw. 'H NMR (CDC13) 6: 7.48-7.20 (m, 10H, 
Ph), 1.10 (s, 9H, But). 13c{'~) NMR (CDC13) 6: 197.4 (d, Jpc 
12.6 Hz, CO), 195.0 (d, Jpc 72.5 Hz, CO), 193.6 (d, Jpc 4.5 
HZ, CO), 138.9 (d, Jpc 28.7 HZ, PCip,,), 134.2 (d, Jpc 32.7 HZ, 
PC, ,,), 134.2-128.0 (m, Ph), 100.2 (d, Jpc 27.7 Hz, C,), 88.1 
(s, e8). 74.5 (d, Jpc 7.5 Hz. C ), 66.8 (d, Jpc 3.5 Hz, C,), 30.6 
(s, CMe?), 28.0 (s. C M e 3  '${'H) NMR (CDCI,) 6: 124.6 
(s). ~ n a f  calcd. for C,~H;~O~PRU,: C 47.26, H 2.87; found: C 
47.20, H 2.78. 

R~,(co),(IJ.-~',~~~,~-~c-FcP~)(IJ.-PP~,) 7b 
Compound 7b was prepared in a manner similar to that 
described above, using PPh,C--C=Ph (reflux time 2.5 
h). Yield: 24%; mp 38°C. (Ru3(CO),,(PPh2C--t-CqPh): 
IR, 2098 w, 2047 s, 2028 ms, 2014 s cm-'.) 

7b: IR(C6H,,) v(~0)lcm-':  2085 s, 2058 s, 2022 s, 2012 m, 
2003 s, 1992 mw. 'H NMR (CDC1,) 6: 7.61-7.21 (m, Ph). 
1 3 c { ' ~ ]  NMR (CD,CI,) 6: 197.7 (d, Jpc 11.6 Hz, CO), 195.2 
(d, Jpc 72.0 HZ, CO), 193.8 (d, Jpc 5.0 HZ, CO), 139.0 (d, Jpc 
29.0 Hz, PC,,,,), 133.6 (d, Jpc 33.2 Hz, PC,,,,), 134.5-128.5 
(m, Ph), 122.3 (s, PhipsO), 109.0 (d, Jpc 27.7 Hz, C,), 78.2 (d, 
Jpc 2.5 HZ, C,), 77.4 (d, Jpc 4.5 HZ, C,), 74.0 (d, JpC 8.2 HZ, 
C p )  3 1 ~ { 1 ~ ]  NMR (CDCI,) 6: 123.8 (s). Anal. calcd. for 
C2,H,506PRu2: C 49.42, H 2.22; found: C 49.26, H 1.98. 
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Table 4. Bond angles (") for Ru,(CO),(p-q',q2-C=-~-BU')(~-PP~,) 7a. 

R U ~ ( C O ) ~ ( ~ - ~ ~ , ~ ~ , , ~ - F C - ~ C S ~ M ~ ~ ) ( ~ - P P ~ ~ )  7c 
Compound 7c was prepared in a manner similar to that 
described above, using PPh2C%-CECSiMe, (reflux time 
2 h). Yield: 20%; mp 84°C. ( R U ~ ( C O ) ~ ~ ( P P ~ ~ C =  
C-CWSiMe,): IR, 2098 w, 2048 s, 2031 ms, 2018 s cm-I.) 

7c: IR(C,Hl,) v(~0)lcm-': 2086 s, 2059 s, 2024 s, 2013 m, 
2004 s, 1993 mw. 'H NMR (CDCl,) 6: 7.59-7.24 (m, IOH, 
Ph), 0.10 (s, 9H, SiMe,). 13c(l~} NMR (CDC13) 6: 197.1 (d, 
Jpc 11.7 HZ, CO): 194.5 (d, Jpc 72.4 HZ, CO), 193.3 (d, JPC 5.5 
Hz, CO), 138.5 (d, JpC 30.7 Hz, PCip,), 132.7 (d, JPC 33.5 Hz, 
PC,,,), 134.0-128.0 (m, Ph), 106.4 (d, Jpc 27.3 Hz, C,), 91.0 
(d, Jqc 6.9 HZ, C ), 85.7 (S, C6), 74.0 (d, JPC 5.5 HZ, Cy), -0.33 P (s, SiMe,). 3 1 ~ (  H} NMR (CDC13) 6: 122.0 (s). Anal. calcd. 

for C2,HI,O6PRu2Si: C 44.38, H 2.83; found: C 44.05, 
H 2.76. 

R u ~ ( C ~ ) ~ ( ~ - P P ~ ~ ) ( ~ - L - ~ - F ~ - ~ C B U ~ ) C O ~ ( ) ~  8 
Compound 7a (0.20 g, 0.30 mmol) was dissolved in toluene 
(20 mL) and treated with an excess of Co2(CO), (0.15 g, 0.44 
mmol). A darkening of the solution was evident after a few 
minutes and an IR spectrum recorded after 2 h stirring showed 
complete consumption of 7a. The solvent was removed under 
reduced pressure and the resulting brown residue loaded onto 
TLC plates. Elution with dichloromethane-n-hexane (1:4) 
gave a red-brown band as the major product (crude yield 0.284 
g, 99%). Crystallization from n-hexane at - 10°C produced 
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Table 5. Atomic coordiantes (x104) and equivalent isotropic 
displacement coefficients (A2 x 10') f6r R u ~ ( C O ) ~ ( ~ - P P H ~ ) -  
(p-q1,q2a,p:p-q2,q2YY6-=-CZCBur)Co2(CO)6 8. 

Atom x Y z Ueq) 

red-brown crystals overnight (crystalline yield 0.252 g, 88%); 
mp 1 1 1°C. 

8: IR(C6Hl,) v(co)/c~-': 2095 m, 2080 s, 2058 vs, 2035 m, 
2030 m sh, 2022 s, 2002 m, 1988 w. 'H NMR (CDCI,) 6: 

Table 6. Bond lengths (A) for Ru2(CO),(p-PPh2)- 
(p-q ' , q 2 a , ~ p - q 2 , ~ Y , 6 - = - ~ ~ u r ) ~ 0 2 ( C 0 ) 6  8. 

7.60-7.14 (m, IOH, Ph), 1.1 1 (s, 9H, But). 13c('~} NMR 
(CDC1,) 8: 199.07 (br, CO), 197.3 (d, Jpc 1 1.2 Hz, CO), 195.2 
(d, Jpc 71.2 HZ, CO), 194.1 (d, Jpc 6.5 HZ, CO), 139.4 (d, Jpc 
30.6 HZ, PCipso), 134.1 (d, Jpc 32.1 HZ, PCipso), 133.9-128.3 
(m,Ph), 115.7 (s,CF), 113.1 (d, JPC31.8Hz,C,), 93.6(d, Jpc 
7.6 HZ, C ), 74.6 (d, Jpc 3.0 HZ, C,), 37.0 (s, CMe,), 32.2 (s, 
CMe,). 31k{ 'H} NMR (CDCI,) 6: 120.0 (s). Anal. calcd. for 
C32H,9C02012PRu2: C 40.61, H 2.02; found: C 40.07, H 1.96. 

Crystal structure determination of complex 7a 
Yellow crystals of 7a were grown from a saturated n-hexane 
solution at - 10°C. Data were collected at 295 K on a Siemens 
R3mN diffractometer. Background measurements using the 
stationary crystal, stationary counter method were made at the 
beginning and end of each scan, each for 25.0% of the total 
scan time. Two standard reflections were monitored every 100 
measurements; no significant decay was detected over the 
time of data collection. Data were corrected for Lorentz and 
polarization effects and absorption corrections were applied 
using the face-indexed numerical method. Relevant crystal 
and data collection parameters for the present study are given 
in Table 1. 

The structure was solved by Patterson and Fourier methods 
and refined by full-matrix least squares, first with isotropic 
thermal parameters and then with anisotropic thermal param- 
eters for all non-hydrogen atoms. A difference Fourier map 
revealed the positions of the hydrogen atoms, which were 
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Table 7. Bond angles (") for R~~(CO),(y-PPh,)(y-q',q',,~:y-q~,q'~~~- 
Cs-C--nu1)Co7(CO), 8. 
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Table 7 (concluded). 

included in calculated positions. The hydrogen atoms were 
treated using the riding model method with refined isotropic 
thermal parameters for phenyl hydrogens and fixed isotropic 
thermal parameters for the methyl hydrogen atoms. Atoms 
C( 1 1 A), C(13A), and C(14A) arise from a disorder about the 
tert-butyl group. A satisfactory model was refined with an 
occupancy of 60:40 (C:C(A)) for these three atoms. Atom 
C(12) was refined with full occupancy. In the final cycles of 
refinement a weighting scheme, w = [s2(F0)]-' was used. The 
function minimized in the least-squares refinement was 
xw(lFoI - 1 ~ ~ 1 ) ~ .  The weighted R value, R,, is defined as 
[~~(~F~I-IF,~)~/C~~F~I~]"~, where the weights, w, are opti- 
mized on moderate intensities. The atomic scattering factors, 
corrected for the real and imaginary parts of anomalous disper; 
sions, were taken from ref. 25; for hydrogen, those of Stewart 
et al. were used (26). Programs used are described elsewhere 
(27). Final atomic coordinates for the non-hydrogen atoms and 
equivalent isotropic displacement coefficients are presented in 
Table 2 (equivalent isotropic U (Ue4 = 113 x orthogonalized Uii 
tensor). Bond lengths and angles are presented in Tables 3 and 
4, respectively. Anisotropic displacement coefficients and 
hydrogen atom parameters have been deposited as supplemen- 
tary material.' 

, Crystal structure determination of complex 8 
Red-brown crystals of 8 were grown from a saturated n-hex- 
ane solution at - 10°C. Data were collected at 200 K on a Sie- 
mens P4 diffractometer. Background measurements using the 
stationary crystal, stationary counter method were made at the 
beginning and end of each scan, each for 25.0% of the total 
scan time. Three standard reflections were monitored every 
100 measurements; no significant decay was detected over the 
time of data collection. Data were corrected for Lorentz and 
polarization effects and absorption corrections were applied 
using the face-indexed numerical method. Relevant crystal 
and data collection parameters are given in Table 1. 

The structure was solved and refined as for 7a. Final atomic 
coordinates for the non-hydrogen atoms and equivalent isotro- 
pic displacement coefficients are presented in Table 5. Bond 

This supplementary data may be purchased from: The Depository 
of Unpublished Data, Document Delivery, CISTI, National 
Research Council Canada, Ottawa, Canada KIA 0S2. Complete 
crystallographic data for 7a have been deposited at the Cambridge 
Crystallographic Data Centre and can be obtained on request from 
The Director, Cambridge Crystallographic Data Centre, 
University Chemical Laboratory, 12 Union Road, Cambridge, 
CB2 lEZ, UK. Lists of structure factors are available from the 
authors. 

lengths and angles are presented in Tables 6 and 7, respec- 
tively. Anisotropic displacement coefficients and hydrogen 
atom parameters have been deposited as supplementary mate- 
rial.' 
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