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Cyclopentadienylruthenium Phosphine Complexes. Part 11.l Reactions 
between Hydridobis(triphenylphosphine)(7E.-cyclopentadienyI)ruthenium 
and Acetylenes 

By Timothy Blackmore, Michael 1. Bruce,t and F. Gordon A. Stone,* Department of Inorganic Chemistry, 
The University, Bristol BS8 ITS 

Reaction between RuH(PPh,),(x-C,H,) and C2(CF3)2 affords Ru[cis-CF,C:C(H)(CF,)](PPh,),(x-C,H,) (I) 

and the butadienyl complex R u C (CF,) :C (C F,) C ( CF3) :C H (C F,) (P Ph,) ( x -  C5 H ,) (11). With C2( C0,Me) the 
hydride affords the trans-adduct RuC(CO,Me):CH(CO,Me) (PPh,),(x-C,H,) (IV), together with the cyclic 

ester complex RuC(CO2Me):CHC(OMe)O(PPh,)(x-C,H5) (V). Reaction of (IV) or (V) with C2(CF,), 

affords a butadienyl complex RuC(CO,Me):C(CO,Me)C(CF,):CH(CF,) (PPh,) (x-C5H5) (VI). Hexafluoro- 
acetone and (IV) react to give a complex (VII) containing a co-ordinated ester group and an intramolecular 
hydrogen bond, formal insertion of the ketone into a C-H bond of the cyclopentadienyl ligand having occurred. 

J. I 

J. I 
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IT has been known for many years that olefins or acetyl- 
enes bearing electron-withdrawing substituents, for 
example, fluorine or perfluoromethyl, and more recently 
cyano or carboxyalkyl groups, react readily with metal 
liydrides to form complexes containing metal-carbon (I- 

bonds. The fluoro-compounds have been reviewed., 
Recent examples of the second group of reactions are 
those between IrH(C0) (PPh,), and tetra~yanoethylene,~ 
and between manganese,* r h o d i ~ m , ~  or iridium hydride 
complexes and dimethyl acetylenedicarboxylate and 
related olefinic esters. 

This paper describes the reactions of Ru(H) (PPh,),(x- 
C,H,) with C,R, (R = CF, or CO,Me), and with 
(CF,),C:C(CN),, and the characterisation of a buta- 
dienylruthenium complex containing the group 
+-- - 

Ru*C (C0,Me) :C (C0,Me) C (CF,)!CH (CF,) . As with the 
earlier studies,l*7 an important factor in determining 
the nature of the products is the lability of a phosphine 
ligand in Ru(H) ( PPh3),(x-C5H5). 

Reaction with Hexa$uorobzd-2-yne.-The hydride reacts 
with excess of C2(CF3), in diethyl ether to give three 
products (I), (11), and Ph,PC,F,, (111). The latter was 
readily identified as the cyclic phosphorane, previously 
isolated as a by-product in reactions between the alkync 
and Ph,PAuMe,* and will not be discussed further. 

Compound (I) has been characterised as the cis-vinyl 
complex by analysis, i.r., n.ni.r., and mass spectrometry. 
The i.r. spectrum contains a v(C=C) band at  1573 cm-l. 
The lH n.m.r. spectrum contains signals a t  T 2.84 (m) 
(30H, C6H5), 5-22 (9) ( lH,  =CH), and 5.87 (s) (5H, C,H,). 

t Pvesent addvcss: Department of Physical and Inorganic 
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group, nor with phosphorus. The 19F n.m.r. spectrum 
contains two signals at 51.57 (9) and 57.35 (m) p.p.m. 

6 W. H. Baddley and M. S. Fraser, J .  Amer.  Chem. Soc., 1969, 

T. Blackmore, M. I. Bruce, F. G. A. Stone, R. E. Davis, 

8 C. M. Mitchell and F. G. 4. Stone, J.C.S.  Dalton, 1972, 102. 

91, 3661. 

and A. Garza, Chem. Comnz., 1971, 852. 

http://dx.doi.org/10.1039/DT9740000106


1974 107 

(upfield from CFCl,), from which the various coupling 
constants obtained (Table 1) were in agreement with 
those observed with many other metal derivatives con- 
taining the cis-(CF,>C=C(CF,)H group.g The mass 
spectrum of complex (I) shows no parent ion, ready loss 
of triphenylphosphine occurring to give the ion 
[C,H,Ru(PPh,)C,F,H]+. Loss of H F  gives an ion at m/e 
571 ([C,H,Ru(PPh,)C,F,]+), 

The bis-insertion product (11) shows a single sharp 
v(C=C) band in the i.r. at 1640 cm-l. The structure of 
this complex has been established by a single crystal 
X-ray diffraction study.' Four resonances in the 19F 
n.m.r. spectrum can be assigned as shown (Table 1) as a 

ruthenium showed a small coupling to phosphorus. In 
only one case do both cis or trans isomers appear to have 
been obtained from reactions of this type. The reaction 
between ReH(x-C,H& and the acetylenic diester lo 
affords the cis (maleate) adduct initially which was subse- 
quently isomerised to the trans (fumarate) complex by 
heating with platinum in benzene at 70". 

The reactions between other metal hydride complexes 
and either dimet hyl acet ylenedicarboxylate or methyl 
propiolate have given products which have been assigned 
cis or trans stereochemistries on the basis of their chemical 
reactions.4-6 The chemical shifts of the various methoxy 
groups are predictably of little value in determining 

TABLE 1 

Fluorine-19 n.m.r. data 

Chemical shifts/p.p.m. Coupling constants/Hz 
(I) a CF, (a) 51*57(q) J(ab) 14.4; J(aH) 0 

CF, (b) 57.3(m) J(ab) 14.4; J(bH) 11.0; J(bP) 3.0 

(W\ /W) = CF3 CF3 (a)} 57.36(m), 64.85(m) ,c=c\ ( 3 - 3  (b) 
(n-C5H,) (Ph,I') R u  t--//C-CF,(c) CF, (c) 55*12(dq) J(cd) 10.0; J(cP) 2-0 

H b F ,  (d) CF, (d) 50.12(m) J(cd) 10.0; J(dH) 8.8 
J(cd) 10.0; J(cP) 3.3 
J(cd) 10.0; J(dH) 10.0 

(V1)R = C0,Me c CF3 (c) 54.35(dq) 
CF, (d) 50*37(q~)  

[x-C,H,C (CF,) ,OHjRu (PPh,) C,(CO,Me) ,H (VII) CF, 75*6(qd) J(FF), 10.2; J(HF) 1-5 
7 7.9 6 (4) 

(x-C,H5) Ru (PPh,) ZC( CN),C(CFJ,H (VIII) d CF, 68*31(d) J(HF) 8.2 

a Vinylic H at c 5.22q; J(bH) 11.0 Hz. 

,\bbreviations : dq, doublet of quartets ; qu, quintet; sep, septet ; in, multiplet. 

b Vinylic H at T 7.98m; J(d1-I) 8.8; J(HP) 14-5 Hz. Vinylic H at T 7-82m; J(dH) 
10.0; J(HP) 14.5 Hz. d Protons resonate at T 2-86 (PPh,), 5-85s (C,H,), 7.26 sep [C(CF,),H; J(HF) 8.2 Hz]. 

result of decoupling experiments. The proton resonance 
at  T 7.98 (m) ( lH,  =CH) is coupled to the geminal CF3 and 
to the phosphorus atom. The mass spectrum contains a 
parent ion cluster centred on m/e 754, major fragment- 
ation routes involving loss of F and HF, and of PPh,. 
The fluorinated C, unit is preserved in many ions, and no 
elimination of a C,F, (n < 6) group was observed. 

Reactions with Dimethyl Acetylenedicarboxy1ate.-Reac- 
tion between RuH(PPh,),(x-C,H,) and C,(CO,Me), 
affords complex (IV) in high yield. From the mother 
liquor, a small amount of the red mono-phosphine com- 
plex (V) was obtained although a better preparation of 
(V) (40"/, yield) involves heating (IV) in benzene at 80" 
(24 h). 

Two bands in the i.r. spectrum of (IV) at  1688 and 
1699 cm-l are assigned to v(ester CO), while v(C=C) 
occurs at 1528 cm-l. The lH n.m.r. spectrum (Table 2) 
contains signals at T 2.96 (m) (30H, C,H,), 5-76 (t) ( lH,  
=CH), 6-10 (5H, C,H,), 6-34 (3H, OMe), and 6.98 (3H, 
OMe). This relatively simple spectrum indicates that 
only one isomer is present. The vinyl proton shows a 
0.7 Hz coupling to phosphorus, and this tentatively 
suggests that complex (IV) is the tram-isomer, since with 
complex (I), J(HP) = 0, whereas the CF, group trans to 

stereochemistry. More importantly, however, the same 
appears to be true of the chemical shift of the methine 
proton in the adduct, which is much more strongly 
affected by the metal atom and associated ligands 
(Table 2). In contrast to hexafluorobut-2-yne, the 
adducts of the diester rearrange readily (cj. the rhenium 
complex above, and results reported below), and we 
believe that assignment of the stereochemistry of these 
adducts is by no means as certain as indicated in the 
literature. 

The red complex (V), formed from (IV) by loss of a tri- 
phenylphosphine molecule, shows a band at 1586 cm-l 
assigned to v(C0) of a co-ordinated carbonyl group, 
together with a broad band at 1699 (m) [v(CO) (free 
C0,Me) and v(C=C)]. The lH n.m.r. spectrum contains 
five signals at T 2.77 (m) (15H, PPh,), 3.89 (d) ( lH,  =CH), 
5.67 (s) (5H, C,H,), 6.56 (s) and 6.84 (s) (3H each, OMe). 
The methine proton shows a 2-5 Hz coupling to phos- 
phorus. These data are consistent with the cyclic 
structure shown, in which the carbonyl oxygen of one of 
the ester groups co-ordinates to the ruthenium atom. 

9 P. I<. Maples, M. Green, and F. G. A. Stone, J.C.S. Dalton, 
1973, 2069; and refs. 18, 23-26 cited therein, 

lo M. Dubeck and R. A. Schell, Inorg. Chew., 1964, 3, 1757. 
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Similar complexes have previously been described con- 
taining manganese l1?l2 or rhenium.13 

The mass spectra of complexes (IV) and (V) are very 
similar. The former shows no parent ion, the highest ion 
corresponding to [ (C5H5)Ru(PPh,)C,(C0,Me),H]+, demon- 
strating again the lability of the phosphine ligand in these 
complexes. In the present case, thermal decomposition 
to (V) probably occurs in the spectrometer. Ions are 
formed by the expected loss of Me0 and CO groups, and 

the CF, groups ; phosphorus-fluorine coupling was also 
observed. 

The mass spectrum of complex (VI) contained a parent 
ion, and fragmentation occurs by loss of OMe or of PPh,, 
so that bothions [(C,H,)Ru(PPh,) (C,F,H)C,(CO,Me)CO] + 

and [(C,H,)Ru(C,F,H)C,(Co,Me)J+ are observed. The 
structure of (VI) is similar to that of complex (11), con- 
taining a o-butadienyl group, also attached to the metal 
by a n-bond from the CH(CF,)=C(CF,) group. 

TABLE 2 

N.m.r. data for C,(CO,Me), derivatives 

A 

C0,Me 

C0,Me 

C0,Me 

C0,Me 

C0,Me 
C0,Me 

C0,Me 

C0,Me 

C0,Me 

C0,Me 
C0,Me 

C0,Me 

C0,Me 

C0,Me 

B 

H 

H 

H 

C0,Me 

C0,Me 
H 

H 

C0,Me 

C0,Me 

H 
H 

C0,Me 

H 

H 

C Stereochemistry 

C0,Me trans 

C0,Me cyclic 

C0,Me cyclic 

C,H(CF,), cis 

H cis 
C0,Me trans 

C0,Me cyclic 

H cis 

H Cis 

C0,Me trans 
C0,Me cyclic 

H cis 

C0,Me cyclic 

C0,Me trans 

OMe 
6.34(~) 
6 * 9 8 ( ~ )  
6.5 6 ( S )  
6.8 4 ( S )  
6.63 (s)  
6 * 8 3 ( ~ )  
6.45 (s) 
6 * 9 8 ( ~ )  
6.28(~) 

6.34 ( S )  
6.37(~)  
6*70(s) 
6.46(s) 
6 .51(~)  
6 .50(~)  
6- ~ O ( S )  
6 * 2 7 ( ~ )  
6.1 1 (s)  
6.1 9 ( S) 
6 - 3 1 ( ~ )  
6 * 8 4 ( ~ )  
6.41 (s) 
6-58 ( S )  
6.74(~)  
6 * 9 8 ( ~ )  

69O8(s) 

Chemical shift (7) Ref. 
=CH 

5*76(t) J(HP) 0-7 b 

3*89(d) J(HP) 2.6 b 

3*92(d) J(HP) 3.0 b 

b 

(both) 3 * 5 2 ( ~ )  10 
3 * 0 6 ( ~ )  10 

3.43(s) 10 

3 - 8 3 ( ~ )  20 

4-00 ( S )  20 

(both) 2 - 9 3 ( ~ )  4 
3 * 45 (s) 4 

4*68(d) J(HP) 1.6 4 

3*81(d) J(HP) 4 4 

5- 49 (s) 5 

a Other signals at  T 2*96(m) (PPh,), 6-10(s) (C,H,). b This work. 0 Other signals at T 2.77(m) (PPh,), 5.67(s) (C5H5). d Other 
signals at T 2*72(m) (PPh,), 2.86(s) (OH), 4.64(m), 6.64(m), 6*28(m) (C,H,). * Other signals at T 2*73(m) (PPh3), 5.03(s) (C,H,). 

ions characteristic of the phosphine ligand are also 
present. 

Although no bis-insertion product analogous to (11) was 
obtained using C,(CO,Me),, the reaction of complex (IV) 
with hexafluorobut-2-yne afforded a new complex (VI) 
containing one molecule of each acetylene. In contrast 
(I) did not yield a new complex with C,(CO,Me),. 

The i.r. spectrum of (VI) shows a broad band at 1703 
crn-l, assigned to the two ester carbonyl groups, and a 
weaker band at 1582 cm-l, assigned to v(C=C). Except 
for the additional signals due to the methoxycarbonyl 
groups, the lH n.m.r. spectrum is similar to that of 
complex (11), while the 19F n.m.r. spectrum contains two 
resonances at 54.35 and 50.35 p.p.m. From these 
spectra, the coupling constant data indicated that the 
proton was attached to the same carbon atom as one of 

I1 D. A. H a r b o u r n e a n d F .  G. A. Stone, J .  Chem. SOC. ( A ) ,  1968, 

l2 W. D. Bannister, B. L. Booth, R. N. Haszeldine, a n d  P. L. 
1766. 

Loader, J .  Chem. SOC. ( A ) ,  1971, 930. 

Other Reactions.-Following the successful incorpor- 
ation of a further molecule of an acetylene into com- 
plexes (I) and (IV), we examined the reaction between 
complex (IV) and another type of reactive fluorocarbon 
molecule, hexafluoroacetone. The product was a 1 : 1 
adduct of stoicheiometry (C,H,)Ru(PPh,) [C,(CO,Me),H]- 
(CF,),CO (VII) formed by loss of a triphenylphosphine 
molecule. The molecular structure has been confirmed 
recently by an X-ray diffraction study.l* 

Two strong bands in the i.r. spectrum of (VII) at 1571 
and 1664 cm-l can be assigned to the ester carbonyl 
group and to an unco-ordinated double bond respectively, 
while the OH group gives rise to a band at 3146 cm-l. 
The lH n.m.r. spectrum (Table 2) shows resonances at 
T 2-72 (m) (15H, PPhJ, 6-63 (s) and 6-83 ( s )  (3H each, 

13 A. N. Nesmeyanov, V. S. Kaganovich, L. V. Rybin, P. V. 
Petrovskii, a n d  M. I. Rybinskaya, Izvest. Akad. Nauk S.S.S.R., 
Ser. Khim., 1971, 1536. 

14 T. Blackmore, M. I. Bruce, F. G. A. Stone, R. E. Davis, 
and N. V. Raghavan, J .  Organometallic Chem., 1973, 49, C36. 
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OMe), and 2-85. That the latter was due to  a hydroxyl 
proton was shown by shaking a solution with D,O upon 
which the signal disappeared. Double and triple reson- 
ance experiments showed that a signal at 7 3.92 was 
independent of the others, and is therefore assigned to  the 
methine proton. Resonances due to the substituted 
cyclopentadienyl group occur a t  7 4.64, 5-54, and 6.28 
(rel. int. 1 : 1 : 2 )  and were shown to be coupled together. 
Substitution of the cyclopentadienyl ring by the 
C(CF,),OM group and formation of the intramolecular 
hydrogen bond prevents rotation of the ring. The 19F 
n.m.r. spectrum contains two signals of equal intensity 
at 75.6 (qd) and 77-95 (9) p.p.m. The observed deform- 
ation of the hydrogen-bonded ester group contributes to  
the non-equivalence of the two CF, groups, only one of 
which (75.6 p.p.m.) is coupled with one of the ring 
protons. 

The mass spectrum of (VII) showed that the complex 
was monomeric in the vapour phase, notable ions includ- 
ing [P - C,(CO,Me),]+, [Ru(PPh,)C,(C02Me)H]+, and 
[C,H4C(CF,),0HRu]i , suggesting that the vinyl ester 
group remains as an intact unit, and that the C, ring has 
been subst it ut ed. 

Complex (VII) thus can be considered to be formed by 
electrophilic substitution of the C, ring of the cyclic ester 
complex (17) by hexafluoroacetone. None of the cyclic 
complex (V) was isolated from the reaction, suggesting 
that the triphenylphosphine is displaced by cyclisation 
after or a t  the same time as ring substitution occurs. 
Although triphenylphosphine forms an adduct with hexa- 
fluoroacetone,15 we did not isolate this compound from 
the reaction mixture. Electrophilic substitution of 
aromatic systems by hexafluoroacetone has been noted,l6 
although strong Lewis acids are generally required to  
effect this reaction ; other cyclopentadienyl systems such 
as ferrocene require vigorous conditions (e.g., 180" for 
15 days in dimethoxyethane with no added catalyst).lGb 
In (V), the tendency toward substitution will be en- 
hanced by the presence of the phosphine ligands, leading 
to  an excess of electron density on the metal, and by back- 
bonding, on the C, ring carbon atoms. 

We have also examined the reaction between the 
hydride and the reactive olefin, (CF,),C=C(CN),. On 
heating, a 1 : 1 adduct (VIII) is formed, which is a simple 
l,2-insertion product. In  the i.r. spectrum, a band at 
2178 cm-l is assigned to v(CN). The l H  n.m.r. spectmm 
contains resonances at T 2-86 (m) (30H, PPh,), 5-89 ( s )  
(5H, C5H5) and 7.26 [ lH,  CH(CF,),]. The latter signal 
is a septuylet, the coupling of 8-2 Hz also being found in 
the CF, resonance which occurs at 68-3d p.p.m. in the 
19F n.m.r. spectrum. The mass spectrum contains ions 
formed bv loss of CF,, CN, HF, and PPh,, although no 
parent ion was found. These data unambiguously 
establish the structure of the complex as the 1,l-bis- 
(trifluorometliyl)-2,2-dicyanoethyl derivative shown. 

l6 F. Ramirez, C. P. Smith, A. S. Gulati, and A. V. Patwartlhan, 
Tetrahedron Letters, 1966, 2151 ; R. F. Stockel, ibid., p. 2833. 

l6 (a)  See C. G. Krespan and W. J. Middleton, Fluorine C'hem. 
Rev., 1967, 1, 168; (b)  M. I. Bruce, B. J .  Thomson, and F. (2. A. 
Stone, unpublished results. 

DISCUSSION 

Formation of complexes (I), (11), (IV), (VI), and (VIII) 
can be considered from two points of view. The first 
would envisage a straightforward cis-addition of the 
metal complex to  the unsaturated molecule. However, 
this simple approach does not explain the possible form- 
ation of the trans-isomer (IV) from the diester. Although 
a simple cis-addition of the metal-alkenyl complex (I) 
across the acetylenic bond of C,(CF,), would explain the 
formation of (11), two features point to the inadequacy of 
this simple explanation. So-called insertion reactions 
have not been described for metal-fluorocarbon o-bonds, 
and more importantly, this type of reaction would not 
afford complex (VI). Instead the isomer formed would 
have been that in which the C(CF,):C(CF,) moiety was 
adjacent to  the metal. In  an attempt to obtain this 
latter isomer, reaction between (I) and C,(CO,Me), was 
investigated but only unreacted (I) was recovered. 

A more detailed consideration of the mechanism of the 
' insertion ' reaction, shows that in many cases, a more 

K 

1 
R 

(111 or (YI1 
SCHEME 1 

accurate description is that of a hydride or alkyl migr- 
ation to a co-ordinated unsaturated molecule. In  the 
present case, we suggest that the first step involves co- 
ordination of the acetylene following dissociation of one 
of the phosphine ligands. 
the ready displacement of one triphenylphosphine mole- 
cule by other, smaller donor ligands, such as CO or 
PMePh,, probably for steric reasons. 

The resulting x-complex (IVa) (see Scheme 1) then 

We have previously noted 
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undergoes a hydride migration from the metal onto the p- 
carbon to give (I) or (IV) , for example. This process may 
be facilitated by a partial opening of the three-membered 
ring to give a dipolar intermediate (IVb). Clark and 
Puddephatt l7 have reported the isolation of x-complexes 
of a related type from reactions between PtClMeL, (L = 
tertiary phosphine or arsine) and C,(CF,),, the structure 
of the adduct with L = AsMe, being confirmed by a 
single-crystal X-ray determination.l8 Subsequent reac- 
tions of this n-complex afford the cis-vinyl complexes. 
More recently, a free-radical mechanism has been pro- 
posed,19 but we have no evidence for a reaction of this 
type. 

An attractive feature of our proposed mechanism is the 
explanation it offers for the formation of the bis-adducts. 
We suggest that the dipolar intermediate (IVb) men- 
tioned above can under favourable circumstances attack 
a second molecule of acetylene in a nucleophilic reaction 
to give a butadienyl complex (see Scheme 1) .  If the 
second acetylene molecule differs from the first, as in the 
reaction between complex (IV) and C2(CF,),, the result- 
ing product will retain the initial metal-carbon o-bond, 
oligomerisation occurring via formation of a new carbon- 
carbon bond, as found in complex (VI). 

We suggest that the hydride migration to and from the 
vinyl group, implied in the above mechanism, is related 
to the observation that on heating the o-complex 
Mo(H)[C(CO,M~):CH(CO,M~)](~-C,H,)~ affords the X- 

complex Mo[x-CH(C0,Me) :CH(CO,Me)] (x -C~HJ~ .~ '  
A further example of a butadienyl-metal complex was 

reported after our initial communication, being obtained 
by acid cleavage of a palladiacyclopentadiene. In con- 
trast to complexes (11) and (VI), the terminaldouble bond 
is not co-ordinated to the metal, being more nearly edge- 
on, with a possible Pd - - - H-C interaction with the 
vinylic proton.2l 

The probable difference in stereochemistry of the 
hydride adducts (I) and (IV), while explicable by argu- 
ments such as those above, may however indicate a 
different reaction mechanism. The cis-adduct can be 
formed by cis-addition to an initially formed n-complex, 
as discussed above; with the diester, however, trans- 
addition could result from direct attack of the ruthenium 
hydride on the acetylene, by a nucleophilic or free radical 
mechanism. The former has been suggested previously 
in a discussion of reactions between metal hydrides or 
anions and various fluorinated acetylenes.22 

At this stage, we may also consider the problem of the 
structure of the methoxycarbonyl complexes. The 
earliest observations lo on these complexes revealed their 
ready tendency to isomerise; moreover, the isolation of 
a trans-adduct from reactions of C,(CO,Me), and related 
compounds with metal hydrides or alkyls is no proof that 

l7 H. C. Clark and R. J.  Puddephatt, Inorg. Chevn., 1971,10, 18. 
l8 B. W. Davies, R. J. Puddephatt, and N. C .  Payne, Canad. J .  

T. G. Appleton, M. H. Chisholm, and H. C. Clark, J .  Amer.  

2o A. Nakamura and S. Otsuka, J .  Amer.  Chem. SOC., 1972, 94, 

Chem., 1972, 50, 2276. 

Chem. SOC., 1972, 94, 8912. 

1886. 

trans-addition occurs as the first In the form- 
ation of (IV), a dipolar intermediate, with localisation of 
negative charge on the carbonyl oxygen rather than on 
the P-carbon atom (Scheme 2), would provide a ready 
mechanism for formation of the trans-isomer and for the 
cis-trans-isomerisations and cyclisations observed with 
complexes of this type, vix. 

[Ru( 'H 

t 

\ /" 
+ /  \ C-OMe 

-PPh3 Me02C\ c=c i M eOzC 

Ph3P c=c 

Rul \c-oMe // 
0 

[RU] -o/ 

i 

SCHEME 2 

Some degree of stabilisation of the intermediate car- 
bonium ion by the metal, perhaps involving some don- 
ation of electron density from the electron-rich metal 
centre, is to be expected, and could result in a lifetime 
long enough to allow rotation about the C-C bond as 
indicated. If a cyclic chelate complex, e.g. (V), can be 
formed, this factor may add to the driving force for the 
isomerisation. It is interesting to compare the structure 
of the proposed intermediate with those of several metal- 
carbene complexes which have been determined re- 
cently. % 

EXPERIMENTAL 

Spectra were recorded with Perkin-Elmer 257 (i.r.), 
Varian HA 100 (n.m.r.) and A.E.I. MS 902 (mass) instru- 
ments. Solvents were dried and distilled before use, and all 
reactions were routinely carried out  under nitrogen. 
Chromatography was on columns of alumina (column A) or 
florisil (column F), initially packed in light petroleum. 

21 D. M. Roe, P. M. Bailey, K. Moseley, and P. M. Maitlis, 

22 M. I. Bruce, D. A. Harbourne, F. Waugh, and F. G. A. 

23 D. J. Cardin, B. Cetinkaya, and M. F. Lappert, Chern. Rev., 

J.C.S. Chem. Comm., 1972, 1273. 

Stone, J .  Chem. SOC. ( A ) ,  1968, 896. 

1972, 72, 546. 
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Analytical data are presented in Table 3, and various 
spectroscopic data are collected in Tables 1 and 2. 

Reactions of RuH(PPh,),(x-C,H,) .-(a) With hexapuoro- 
but-2-yne. Hexafluorobut-2-yne (2.3 mmol) , the complex 
hydride (300 mg, 0.45 mmol) and diethyl ether (35 ml) were 
sealed in a Carius tube a t  -196", and left for 28 days a t  
room temperature. The hydride quickly dissolved, and a 
clear golden-brown gel was formed. Extraction with ether, 
and slow addition of n-hexane to the concentrated extracts, 
gave a yellow crystalline solid. Recrystallisation from 
ether-n-hexane mixtures gave the complex (x-C,H,)Ru- 
(PPh,)C,F,,H (11) (39 mg, 12%), and the more soluble phos- 
phorane Ph,P(C,F,), (111) (20 mg, 8%) identified by compari- 
son with an authentic sample.8 

In another experiment, hexafluorobut-2-yne (3  mmol), the 
hydride (400 mg, 0.58 mmol) and ether (25 ml) were sealed in 

Complex 
(I) (x-C6H5)Ru (PPh3)2C4F6H 

(11) (x-C,H,)Ru(PPh,) (C,F,),H 

(1V) 

(V) 

(VI) 

(\'IT) 

(VI I J) 

(x-C,H,) Ru (PPh,) 2C,(C0,Me) ,H 

(x-C5H5) Ku (PPh,)C,( C0,AIe) ,H 

(x-C5H5) Ru (PPh,) (C,F,) [C,(CO,Me) ,]H 

[x-C,H,C(CF,) ,OH] Ku( PPh,) C,(CO,Me),H 

(r- C 5H,) Ru (PPh,) ,C, (CF,) , (CN) 

gave a pale yellow solid which was recrystallised from ether- 
n-hexane, yielding (IV) (400 mg). The orange mother 
liquors were evaporated to give a red oil. This was dis- 
solved in dichloromethane and chromatographed on alumina. 
Elution with benzene produced a red band which was 
evaporated to dryness and crystallised from light petroleum 
to give the red cyclic complex (x-C,H,) Ru(PPh,)C,(CO,Me) ,H 
(V) (23 mg, 4.6%). Elution with dichloromethane produced 
a yellow band which was evaporated to dryness and the 
solid crystallised from ether-n-hexane mixtures to afford a 
further batch of (IV) (130 mg), the total yield being 530 mg 

(c) With  1,l-dicyano-2,2-bis(tr~~uoromethyl)ethyZene. The 
olefin (CF,),C=C(CN)2 (250 mg, 1.17 mmol), and the hydride 
(400 mg, 0.58 mmol) in ether (40 ml) were refluxed for 1 h. 
A rapid colour change and apparent decomposition was 

(74%). 

TABLE 3 

Analytical data 
Found (Calculated) 

r 
M.p. (t/"C) 

127-128 d 

194-196 

158-160 

126-127 

151-152 

2 06-2 0 7 

181-182 

C 
63.25 

(63.25) 
49-65 

67-85 
(67-65) 
60.75 

(60.85) 
54.15 

(54-0) 
51-95 

(52.05) 
62-3 

(62-3) 

(49.35) 

H 
4.35 

(4.25) 
2.9 

(2.8) 
5.2 

(5.05) 
4.75 

3.8 

3-65 
(3.70) 
4.15 

(4.75) 

(3.7) 

(4.0) 

1 

P 
7.45 

(7.25) 

7.5 

5-4  

4.1 

4-3 

6-76 
(6.85) 

(7.45) 

(5.4) 

(4.2) 

(4.2) 

F 
13-35 

(13.35) 
30-1 

(30.25) 

15.45 
(15- 55) 
15-55 

(15.46) 
12.6 

(12.6) 

1 

Other M a  

754 
(754) 

(0) 11.1 572 

(0) 7-85 
(7-65) 

(11.2) (672) 
(Ru) 13.65 734 

(13.85) (;;:) 

(738) 

a Mass spectrometry. 

a Carius tube and left for 6 days a t  room temperature. A 
golden-brown gel was produced as before, and this was 
evaporated to give a clear gel-like solid. Extraction with 
benzene, and evaporation gave an oily brown solid which was 
dissolved in dichloromethane and chromatographed (Column 
A).  Elution with light petroleum gave a yellow band which 
was evaporated to an oily yellow solid. Crystallisation from 
light petroleum afforded yellow crystals of the complex (x- 
C,H,)Ru(PPh,)C8F,,H (11) (44 mg, 10%). Benzene eluted 
a second yellow band. The solution was evaporated to dry- 
ness, and crystallisation from ether-n-hexane gave yellow 
crystals of the complex CH(CF,):C(CF,)Ru(PPh,),(x-C:,H,) 
(I) (121 mg, 25%). In this experiment none of the cyclic 
compound Ph,P(C4FJ2 was isolated. 

(b) W i t h  dimethyl acetyZe.tzedicarboxyZate. Refluxing a 
mixture of RuH(PPh,),(x-C,H,) (300 mg, 0-45 mmol) and 
the acetylene diester (142 mg, 1 mmol) in ether (60 ml) for 
6 h, followed by concentration of the solution and slow addi- 
tion of n-hexane gave a pale yellow solid. Recrystallisation 
from an ether-n-hexane mixture gave yellow crystals of 
(x-C,H,)Ru(PPh,),C,(CO,Me),H (IV) (330 mg, 92%). 
Evaporation of the mother liquors gave an orange-red oil 
from which no further product could be obtained by 
crystallisation. 

In another experiment, the hydride (600 mg, 0-92 mmol) 
and the diester (280 mg, 2.0 mmol) in ether (120 ml) were 
refluxed for 10 h. The orange-red solution was evaporated 
to a red oil. Crystallisation from ether-n-hexane mixtures 

observed. Evaporation of solvent was followed by chro- 
matography in dichloromethane (Column A). Elution with 
benzene-dichloromethane mixtures (1 : 1) gave a yellow 
band from which the complex (VIII) (62 mg, 11%) was 
isolated by evaporation of solvent and crystallisation from 
ether-n-hexane mixtures. Methanol eluted a brown band 
which gave an intractable oil on evaporation and was dis- 
carded. 

Reactions of Complex ( I  V )  .-(a) W i t h  hexaflztorobut-2-yne. 
Hexafluorobut-2-yne (1-92 mmol), complex (IV) (400 mg, 
0.48 mmol) and ether (30 ml) were sealed in a Carius tube and 
left a t  60' for 10 days. The resulting orange gel was evapor- 
ated to dryness and extracted with dichloromethane. The 
filtered extracts were evaporated to ca. 4 ml and chromato- 
graphed (Column A). Elution with benzene gave an orange 
band which was collected, evaporated to dryness, and crystal- 
lised from light petroleum to give red crystals of the cyclic 
complex (V) (66 mg, 24%). Dichloromethane eluted an 
orange-yellow band which on evaporation gave an oily 
orange solid. Crystallisation from ether-n-hexane mixtures 
gave orange crystals of (VI) (74 mg, 21%). 

Complex (IV) (480 mg, 0.58 
mmol) , hexafluoroacetone (2.9 mmol) , and benzene (1 5 ml) 
were sealed in a Carius tube a t  - 196" and then left in a 100" 
oven for 3 days. The tube was opened and the red solution 
was evaporated to a small volume and chromatographed 
(Column A). A single orange band was eluted from the 
column (benzene). Evaporation of solvent followed by 

(b) With  hexafluoroacetone. 
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crystallisation from an ether-n-hexane mixture gave the 
complex (VII) (307 mg, 72%). 

Reaction of Cowzplex (I) with Hexa~uorobut-2-yne.-Com- 
plex (I) (46 mg, 0-054 mmol), hexafluorobut-2-yne (0.54 
mmol), and ether (10 ml) were sealed in a Carius tube, left a t  
room temperature for 14 days and then transferred to a 50' 
oven for 2 days. The tube was opened and the solvent 
removed by evaporation. Extraction with benzene fol- 
lowed by evaporation gave an oily solid, which was dissolved 
in dichloromethane and chromatographed (Column A). 
Elution with light petroleum-benzene gave a yellow solution 
from which (11) (7-2 mg, 18%) and Ph,P(C,F,), (3-1 mg, 
10%) were obtained by evaporation of the solution and care- 
ful crystallisation from ether-n-hexane mixtures. 

J.C.S. Dalton 

Pyrolysis of the Cowzplex (IV) .-The compound (1 10 mg, 
0-13 mmol) in benzene (50 ml) was refluxed for 24 h to give 
an orange-red solution. Evaporation, extraction with di- 
chloromethane and chromatography gave triphenylphos- 
phine (20 mg, 58%) eluted with light petroleum, the com- 
plex (V) (43 mg, 39%) eluted with benzene, and unchanged 
starting material (45 mg, 60%) eluted with dichloromethane. 

One of us (T. B.) thanks the S.R.C. for a research student- 
ship. We thank Professor R. E. Davis and his coworkers 
for determining the molecular structures of complexes (11) 
and (VII). 
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