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The syntheses of Co(n-all)(PF1)z(PPhJ) compleses (r-all = rr-allyI, anti-l- 
-Me-n-allyl, syn-1-Me-rr-allyl, l,l-dimethyl-n-allyl, anti-1,2-diMe-n-allyl, .syn,syn- 
-1,3-diMe-n-allyl, 2Et-sr-allyl, n-cyclooctenyl, h3-n-cycloheptadlenyl) are describ- 
ed. ‘I-l and 19F NMR data are presented and discussed in relation to the structures 
of the complexes. The compound Co(n-CSH9)(PF3)(PPh3)2 is also reported. 
Several of the n-allylic complexes are found to be active catalysts for the isom- 
erisation of I-octene to %octene under a hydrogen atmosphere. 

introduction 

Compounds of the type Rh(;T-all)L(PPh3)z (where L = EG, PF3, or Me2NPF2) 
have been prepared by several different routes [l-S;. Analogous bis(trifluoro- 
phosphine) and dicarbonyl complexes of rhtidium have not been isolated, but 
there is spectroscopic evidence for the formation of fr(n-C,H,)(CO),(PPh,) when 
solutions of the monocarbonyl iridium comples are treated with carbon monox- 
ide 131. 

r-Allylic tricarbonylcobalt complexes readily undergo substitution by tri- 
phenylphosphine at room temperkae to give stable complexes of the type 
Co(n-all)(CO),(PPh,). It was found that substitution is easiest for 2-substituted 
allylic groups and slowest for l-substituted groups [41. The same compounds 
have also been prepared by the displacement of butadiene from Co(n-C,H,)- 
(C,H,)(PPh,) by carbon monoxide under mild conditions [5], while very recent- 
ly Rinze has reported the trihupto cycloheptadienyl complex Co(C,H,)(CO),- 
Wh3) 161. 



110 

In this paper we describe the syntheses and catalytic activity of some mix- 
ed tifluorophosphine-triphenylphosphir., Q x-allylic complexes of cobalt(I). 

Results and discussion 

Preparation and propertres of Co(x-all)(PF,),(PPhJ complexes 
We have recently described the synthesis of several tris( trifluorophosphine) 

complexes CO(T-all)( PFJ)3, by complete displacement of the conjugated diene 
(CD) and triphenylphosphine from a compler of the type Co(i-r-ail)(CD)(PPh,) 
by an excess of PFJ [7]. It is possible, however, to limit the reaction to removal 
of the diene oniy, using a 2: 1 molar ratio of trifluorophosphine, e.g.: 

i 2p=, 
- C;H6 -PPhI 

PF,), (Pm,) - 
+PFa 

Thus treatment of cznti-Co(n-CdIi,)(C,H,)(PPh9) [ 51 in pentane solution 
with a deficit of PF, at room temperature gives anti-l-methyl-n-allylbis(tri- 
fluorophosphine)(triphenylphosphine)cobalt(i), Co(n-CJH7)(PFs)2(PPh3) (II). 
The product is an orange-red crystalline solid which is stable in air for short 
periods, but is air-sensitive in solution. 

The syn-l-methyl (III), l,l-dimethyl (IV) and syn,syn-1,3-dimethyl (VI) 
n-allylic complexes are simikuiy formed by treatment of the corresponding 
diene complex with a slight deficit of PF,. The products of these reactions are 
usually slightly contaminated with free triphenylphosphine, since there is 
always at least a small amount of the tris(trifluorophosphine) complex formed. 

The mixed phosphine complexes of other n-allylic isomers reported here 
are prepared by treating solutions of the Co(;r-all)(PF,), compounds [7] with 
a large excess of triphenylphosphine: 

Co(~all)(PF~)~ + PPhJ -. Co(r-aU)(PFX)2(PPh3) + PFa 

The complex containing the cyclooctenyl group, CO(T-C~H,~)(PF~)~, reacts 
readily with triphenylphosphine at ambient temperature to give VIII. On the 
other hand, Co(n-CSHS)(PFs)2(PPh9) (I) is’ formed in 50% yield only after heat- 
imng the reaction mixture at 60” for 4 h, while a similar preparation of the 
anti-1,2-dimethyl isomer (V) requires heating at 60” for a day. 

Treatment of crude anti-1,2-dimethyl-n-allylts(trifluorophosphit(1) 
(containing the 2-ethyl-n-allytic isomer as impurity) with triphenylphosphine at 
60” for 6 h gives almost pure Co(B-Et-8-all)(PF&.(PPh3) (VII). it is concluded 
that the Z-ethyl compound is preferentially formed because of the Z-substitution 
of the n-allylic group, as observed for tbe Co(g-aU)(CO), complexes [4]. The 
ease of PF3 displacement from the 2.ethyl isomer is further indkated by the 
isolation of a mono(trifluorophosphine)bis(txiphenylphosphine) complex, 
Co(2-Et-sr-aU)(PF3)(PPh3)2 (VIZa), from a mixture of crude l,l-dimethyl and 
Zetbyl-n-aiiylic bi.s( trifluorophosphine)mono(triphenylphosphine) complexes 
with excess triphenylphosphine. The product is a red, crystalline solid which is 
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reasonably air-stable. No evidence of bis( triphenylphosphine) compounds is not- 
ed for other Co(n-all)(PFJ)2(PPh3) compleses in the presence of a large escess of 
triphenylphosphine. 

The cycloheptadienyl complex CO(~-C,H~)(PF~)~ 17) in which the orgmic 
group is behaving as a pentahapto ligand readily adds triphenylphosphine at 
room temperature to give Co(n-C,H9)(PF9)2(PPh3) (IX), in which the cyclo- 
heptadienyl ligand is now behaving as a trihapto ligand, viz.: 

i”\ 
PF3 PF3 

/co\\PF3 (Ix) 
PPh3 PF3 

The CO(~-~!I)(PF~)~(PP~~) products are red or orange crystalline solids 
which are stable in air for short periods and are readily soluble in common organic 
solvents. In osygenated solvents there is decomposition to triphenylphosphine 
oxide and an unidentified cobalt species. The formation of triphenylphosphine 
oxide appears to be catalytic in the presence of an excess of triphenylphosphtie. 

All compounds have been characterised by element.al analysis, mass spectra, 
IR, ‘H NMR and 19F NMR spectroscopy and are listed in Table 1. 

The mixed phosphine comples of the 1,1-dimethyl-n-allylic isomer under- 
goes an isomerisation similar to the tris(trifluorophosphine) comples already 
reported [7]. Thus when a benzene solution of Co(l,l-diMe-n-aU)(PF,),(PPh,) 
(IV) in a sealed NMR tube is heated at 60” there is a rapid conversion over 3 h 
to the Co(an~i-1,2-diMe-sr-all)(PF3)2(PPh3) (V) isomer. A mechanism similar to 
that discussed elsewhere for the isomerisation of the M(l,l-diMe-a-all)(PF3)~ 
complexes (hrl = Co, Rh) seems likely [7-g]. 

The mixed trifluorophosphine-triphenylphosphine compleses readily react 
with an escess of PFJ in solution at room temperature to give the volatile 
tis(trifluorophosphine) compounds. This route has been employed for the 
synthesis of the syn-l-methyl-ir-allyl-, 2-ethyl-a-allyl- and h3-?T-cyclot~eptadienyl- 
lais( trifluorophosphine)cobalt( I) complexes as a means of eliminating organic 
and isomeric impurities present in the crude starting materials 17). 

The n-allytic (I), anti- and syn-1-methyl-n-allylic (II) and (III), l,l-dimethyl- 
I;-allylic (IV) and syn.syn-1,3-dimethyl-n-allylic (VI) complexes are found to be 
active as catalysts for the isomerisation of 1-octene to 2-octene under a 
hydrogen atmosphere (see later). 

When Co(anti-1-Me-n-all)(PF3)2(PPh3) is heated with butadiene at 60” for 
one week, no extensive polymerisation or insertion products are detected, but a 
trace amount of the butadiene dimer, vinylcyclohexene, is formed. 



T
A

B
L

E
 1

 

P
H

Y
S

IO
A

L
 P

R
O

PE
R

T
IE

S 
O

F 
C

o(
n-

aW
(P

Fj
)2

(P
Ph

~1
 

C
O

M
PI

.E
X

E
9 

-_
 

C
om

po
un

d 
M

.P
P

 
(O

C
) 

_.
-_

--
 

C
o(

n.
C

jA
g)

(P
FJ

)z
(P

Ph
3)

 
@

m
Il

vl
) 

(0
 

14
5.

14
7 

C
q(

n.
C

4H
7)

(P
F3

)z
(P

Ph
j)

 
(u

nl
l~

l-
M

e-
n&

Iy
l)

 
(I

I)
 

11
4.

ll
b 

C
o(

~C
qH

7)
(P

Fj
)l

(P
Ph

j)
 

(r
~n

~l
~h

~o
~n

~a
l.l

~l
) (I

II
) 

12
6-

12
0 

C
o

(n
,C

51
i9

)(
P

P
j)

z(
P

P
h

j)
 

(l
.ld

lh
lw

r~
aU

yl
) 

(I
V

) 
15

3-
l 

67
 

C
o(

n-
C

5l
Ig

)(
PF

3)
z(

PP
hf

) 
(o

nl
l~

1.
2~

lM
e.

n.
al

ly
l)

 
(V

) 
lb

O
-1

62
 

C
o(

n-
C

5l
Ig

)(
PF

~)
~(

PP
h~

) 
(r

yn
,s

rn
.1

.3
~l

M
e~

~~
al

ly
l)

 
(V

U
 

ll
Q

_l
IG

 

C
o@

-C
sH

g)
(P

F&
(P

Ph
3)

 
(2

.E
t-

a-
al

l~
l)

 
(V

II
) 

96
-9

8 

C
o(

n-
C

$q
)(

PF
3)

(P
Ph

&
 

(2
.E

ta
.n

lly
l)

 
(W

it)
 

14
b-

16
2 

C
o(

n6
8H

t3
1(

P
F

3)
2(

P
P

I1
3)

 
(m

yc
lo

oc
tc

ny
l)

 
W

ill
) 

13
7-

13
9 

C
o(

n.
C

7H
q)

(P
F,

),
cP

Ph
3)

 
(h

3~
ns

yc
lo

he
pr

ad
lc

ny
I)

 
(I

X
) 

11
6-

11
8 

._
 

- 
M

o
l. 

w
t.

 
fo

u
u

d
b

 (
ca

lc
d

.)
 

E
le

m
en

ta
l 

nn
al

ys
ls

 
fo

un
d 

(c
al

cd
.)

 
(‘

lb
) 

C
 

H
 

--
-_

--
1_

Y
_ 

b3
8 

(6
38

) 
46

.8
 

--
 

a.8
 

(4
6.

8)
 

(3
.7

) 
66

2 
(6

62
) 

47
.0

 
4.

1 
(4

7.
8)

 
(4

.0
) 

b6
2 

(6
62

) 
47

.9
 

4.
0 

(4
7.

8)
 

(4
.0

1 
66

0 
(6

60
) 

48
.7

 
4.

4 
(4

8.
8)

 
(4

.2
) 

66
6 

(6
W

 
48

.8
 

4.
3 

(4
6.

8)
 

(4
.2

) 
66

0 
N

W
 

48
.6

 
4.

3 
(4

8.
8)

 
(4

.2
) 

G
SG

 (6
60

) 
40

.1
 

4.
4 

(4
8.

8)
 

(4
.2

) 
47

3 
(7

4B
-P

PI
lj)

 
G

E
.6

 
6.

4 
m

.6
) 

(6
.3

) 
81

8 
(G

O
+

P
F

3)
 

61
.7

 
4.

6 
(6

1.
6)

 
(4

.6
) 

32
8 

(6
90

-P
Ph

3)
 

6O
.B

 
4.

3 
(6

0.
86

) 
(4

.1
) 

^_
_-

 

o 
U

nd
er

 n
ltr

om
. 

’ 
M

kw
 a

ps
cU

o8
co

~~
. 

- 
_ 

- 
. _

 
. 

. -
 

_ 
_ 

- 
--

--
 

_ 
_.

 
~

. 
-.

 
_ 

_ 
__

. 
-.

 
_ 

. 



113 

Spectroscopic shrdies 

Mass spectra of Co(n-all)(PF,),(PPh,) complexes 
Substitution of triphenylphosphine for trifluorophosphine in the x-allylic 

compleses greatly reduces their voIatility, but it is still possible to observe a 
weak molecular ion in the mass spectra of the non-cyclic compounds (see Table 
1). Subsequent loss of either phosphine ligand or the allylic group gives a step- 
wise breakdown to cobalt, metal. The presence of a second triphenylphosphine 
ligand reduces the volatility of the n-allylic compounds still further, and no 
molecular ion is observed in the mass spectrum of Co(2-Et-n-all)(PF,)(PPhs)z 
(VIIa), the highest peak being due to Co(B-Et-r-all)(PFx(PPhJ)‘. Similarly, the 
cyclic n-allylic mised phosphine compleses are not volatile enough to show 
molecular ions. The x-cyclooctenyl comples shows a peak due to CO(B-C&H~~)- 
(PF,)(PPh,)’ at 110”, but at 125” the molecule undergoes a rearrangement to 
give the mixed phosphine hydride, CoH(PF3)2(PPh3),, by elimination of the 
cyclooctadiene and combination with free triphenylphosphine: 

Co(iT-CsH,3)(PFJ)2(PPh3) + C&H,> + [CoH(PF&(PPha)] - +pph3 CoH(PF3)JPPhs)s 

The mass spectrum of the cycloheptadienyl complex exhibits a peak assign- 
ed to Co(n-C,I&)(PF,),‘, but even at 108” the molecule undergoes rearrange- 
ment to give the mised phosphine hydride CoH(PF3)3(PPh3) by elimination of 
cycloheptatriene and combination with free hifluorophosphine in the spectrom- 
eter: 

Co(nC,H9)(PF&(PPhs) -, C,Hs + [CoH(PF,)JpPh,)l= Cof-f(PF&(PPh3) 

The reason for the formation of a different hydride in each case may be 
simply an indication of differing free phosphine concentrations for each com- 
pound. 

Infrared spectra of Co(n-all)(PF3)2(PPh3) complexes 
The infrared spectra of the mixed phosphine n-allylic complexes Co(n-all)- 

(PFJ)?(PPh3) show several very strong bands between 880 and 790 cm-’ in the 
P-F stretching region, consistent with the presence of two PF3 ligands. Further 
strong bands at 540-520 cm-’ are assigned to P-F bending vibrations. The 
positions of the triphenylphosphine absorptions are similar to those of the free 
ligand. Tbe intensity and sharpness of these bands is a good indication of the 
purity of the mixed phosphine complexes, since small amounts of free tri- 
phenylphosphine cause noticeable broadening of the absorptions, especially 
those at 750 and 700 cm-‘. 

The spectrum of Co(2-Et-n-ali)(PF~)(PPhx)2 shows a much narrower 
absorption band in the P-F stre+zhing region, with strong bands at 826,794 
and 783 cm-‘, while the triphenylphosphine bands are relatively stronger, 

Bands due to the n-a.Uylic group tend to be very weak compared with 

other absorptions, but are detectable and assignable for some complexes. A 
strong baud at 1071 cm-’ in the spectrum of Co(l,l-diMe-n-all)(PF3)2(PPh3) 
(IV) is assigned to a carbon skeletal vibration of the (Me&-_) group, since 
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this does not occur in the spectra of the other ailylic complexes. A similar band 
has been noted in the spectra of Co(l,l-diMe-~-ail)(C0)9 and Co( 1,1,8-trihbr- 
-al.l)(CO), which also contain terminal (Me&!-) groups [lo]. 

The regions where other bands assignable to vibrations of the sr-allylic 
groups might be expected are obscured by strong absorptions of the phcsphine 
ligands. The P-F stretching bands prevent observation of C-Me stretching 
vibrations at 900-800 cm-’ and the C-C-C vibration of the n-allylic skeleton 
at 550-500 cm-’ is also covered by PPh3 and PF, bands [ 11,121. 

‘H NMR spectra of Co(7i-alt)(PFJ1(PPh,) 
The ‘H NhlR spectra of the mixed phosphine compleses are more complicat- 

ed than those we described previously for the tris(trifluorophosphine) compounds 
[71, because of different spin-spin coupling constants for the various phosphorus 
nuclei. 

The chemical shifts of the signals for each type of n-allylic proton are 
similar to those in the Co(i~-all)(PF~)~ compleses and the same notation is used 
171. The main characteristics of the spectra are listed in Table 2 zmd the details 
are discussed below. 

Cofn-C~,)(PF,)~(PPh,) (i). The central proton, Ho, gives a broad multiplet 
arising from coupling to both sets of syn- and arzti-protons and to some or all of 
the phosphorus nuclei. The syn-protons, HB, give rise to a quartet pattern from 
coupling to Ho [J(HaHc) = 5.2 Hz] and to two of the phosphorus atoms 

IJ(HBP)= 5.2 Hz]. Similarly, the anti-protons, HA, give a quartet at 5.32 
[J(H,Ho) = J(H,P) = 11.0 Hz]. 

As in the case of the related tris(trifluorophosphine)cobalt complex 
CO(IT-~U)(PF~)~, no evidence of any intermolecular phosphine exchange 
process was observed. 

Co(anti-I-ilfe-n-aflJ(PF~)~(PPh3) (II). The resonance of proton Ho appears as 
a multiplet from spin coupling to syn- and anti-protons, and presumably also 
to phosphorus nuclei. The chemical shift of the syn proton, Hn, adjacent to the 
methyl group is moved downfield to give a broad multiplet (coupling to Hc, the 
group Me, and phosphorus nuclei). The remaining protons, HA and Ha, give 
complex, overlapping multiplets. The signal of the anti-methyl group, Me,, 
occurs as a doublet of triplets from coupling to the adjacent proton, Hn, and 
two phosphorus atoms. By analogy with the values of J(kle,Hn) noted for the 
CO(~-~U)(PF~)~ compleses it is assumed that J(Me,H,) = 7.3 Hz and that the 
phosphorus couplings are different [J(hle,P) = 7.3 Hz, J(Me,P’) = 4.5 Hz]. 

Co(syn-1-hle-n-ali)(PF3)2(PPh3) (III). A broad multiplet at lowest field 
is assigned to Hc. The anti-proton HE, adjacent to the methyl group, Mes, ap- 
pears as a broad multiplet due to coupling to Hc, Me, and the phosphine ligands. 
This signal overlaps that of the Ha syn proton which is a narrow multiplet from 
coupling to phosphorus nuclei and Hc_ The other anti-proton, H.\, gives a signal 
which appears to be a triplet [J(H*Ho) = J(HAP) = 12.0 Hz], but which is ob- 
scured by the resonance of the syrz-methyl group. The latter appears to be a 
doublet [J(Me,Hc) = 6.0 Hzi of triplets [J(Me,P) = 3.0 Hz]. 

Co( 1,l -diMe-n-all)(PF3)2(PPiz J (IV). The central proton, Hc, gives a multi- 
plet at higher field than usually observed. The terminal protons, H, and He, give 
a comples overlapping multiplet. The syn-methyl group, Mes, appears as a triplet 
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[J(Me,P) = 3.8 Hz] while the an$methyl, Me,, gives a doublet of doublets 
[J(Me,P) = 7.0 Hz, J(Me,P’) = 4.0 Hz]. 

The spectrum is distorted by the presence of 2 small amount of the 
anti-1,2dimetbyl-;r-allylic isomer. 

Co(anCi-Z,2-di~~e-R-aR)(PF,)s(PPlt,) (VJ. Substitution in the 2position of 
the allylic group is indicated by the lack of an Hc signal at about 3.00. A broad 
multiplet is assigned to Ho, coupling to Me, and the phosphine hgands. The 
geminai protons, HA and Ha, give a complex overlapping multiplet which is 
very similar to that observed for the anti-l-methyl-;r-allylic isomer (II). The 
2-methyl group, Mecr appears as a doublet of doublets from coupling to the 
phosphorus nuclei [J(Me,P) = 7.0 Hz, J(Me,P’) = 3.8 Hz]. The anti-methyl 
group, Me,, gives a signal which is a doublet of triplets from coupling to Ho 
[J(Me,H,-,) = 7.0 Hz] and two phosphorus nuclei [J(Me,P) = 7.0 Hz, 
J(Me,P’) = 4.3 Hz]. Weak signals due to the 2-ethyl-n-ahylic isomer are a!so 
present in the spectrum. 

Co(syn,syn-1,3-diltle-nsll)(PF,),(PPh,) (VI). The spectrum of the 
syn,syn-1,3-dimethyl-K-allylic isomer shows broad signals due to the presence 
of pammagnetic impurities which could not be eliminated. 

The central proton, Hc, gives a multiplet at lowest field while the resonam 
of the anti-protons, HE, appears at 5.00. The methyl groups, Me,, give a strong, 
narrow mtdtiplet at 5.82. 

Co(2-Er-ir-an)(PF~)2(P~~~) (Vii). The syn-protons, Ha, give a quartet 
coupling equally to all three phosphorus nuclei [J(HaP) = 3.6 Hz], while the 
anti-protons, HA, couple to different extents to give a doublet ]J(HIAP’) = 6.0 
Hz] of triplets {J(HAP) = 8.2 Hz]. The ethyl group gives rise to the expected 
two resonances, the methylene group appearing as a quartet [J(CH,-Me,,) = 
7.4 Hz] and the methyl group, MeEc, as a triplet. No phosphorus coup!ing to 
the ethyl group is observed. 

A trace of Co(unfi-1,2diMe-7r-all)(PFJ)l(PPh3) (V) was present as impurity 
Co(Z-Et-R-all)(P~~)(PPh 3)~ (Vlla). The spectrum of the mono(tri fluoro- 

phosphine) complex is similar to VII, but is rather simpler in appearance. The 
qn-protons, Ha, give rise to a doublet [J(H,P) = 3.6 Hz] while the anti-protons, 
HA, give a broad singlet. The ethyl resonances show the usual quartet and triple1 
patterns [J(CHz-Me& = 7.4 Hz]. 

H 

Fig I_ Ncmbemng of pmlos in Lbe C7H9 nng of LX 
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Cofn-C&Y, 3)fPF3)3(PPk3) (VlII). The multiplet at 2.64 (1H) is assigned to 
the central proton of the n-allylic section of the cyclooctenyl ring, and the 
multipiet at 3.48 (2H) to the syn-protons. Overbpping multip1et.s at 4.70 (2H), 
5.20 (2H) and 5.85 (6N) are migned to the remaining ring protons. 

Co(n-CTH9)(PF,),(PPk 3) (IX). The spectrum of the cycloheptadienyl 
complex shows the expected resonances for the C7H9 moiety behaving as a 
trihaplo ligand. The broad resonances of protons adjacent to an uncoordinated 
double bong, HC and Hd, occur at 1.00 [(IH) and 1.83 (1H)J. The allylic protons 
Ha and Hbq’ give overlapping multiplets at 2.6 and 2.9 while broad multiplets 
between 4.6 and 6.0 are assigned to the alipbatic ring protons (see Fig. 1). A 
very sim&r spectrum has been reported very recently by R&e for the related 
Co(C,Hq)(CO)l,(PPh,) complex [6]_ 

‘9F NMR spectra of Co(rr-aU)(PF3)2(PPh,) complexes 
The 19F NMR spectra of the mixed phosphine a-ally& complexes fall into 

two distinct classes: (a) those containing an unsubstituted or symmetrically 
substituted ally+ group, and (b) those containing an asymmetric allylic group. 
For convenience the tmo types will be discussed separately. Chemical shift 
values and coupling constants are listed in Table 3. 

(a) Symmetric type. This group includes the simple rr-ally1 comples, 
Co(~-CJH,)(PF3)2(PPh3) (I), the syn,syn-1,3-dimethyl-n-aliyl-(VIf, 2-ethyl-n- 
allyl-(VII) and ff-cyclooctenyl-bis(trinuorophosphine)mono(tripbenylphosphine)- 
cobalt(l) compleses. All give similar 19F NMR spectra to that show-n below for 
I (Fig. 2). These are typical in appearance for [ AX312 spin systems [131 (X = 
F; A = P) the basic spectrum being further complicated by the presence of the 
triphenylphosphine ligand. 

The basic pattern is a strong doublet of separation v = I’J(PF) + 3J(PF’)I 
exhibiting weak fine-structure around each of the mab lines. The lines in the 
spectra appear as doublets resulting from coupling to the phosphorus of the 
triphenylphosphine ligand, ‘J(P” F) lying between 8.0 and 13.0 Hz, depending 
on the system. The 19F NMR spectrum shows no evidence for any intermolecul- 
EC phosphine exchange between -30° and room temperature in agreement with 
the observations from the ‘t-i NMR spectrum. 

The spechum of the mono(trif!uorophosphine) complex, Co(2-Et-~-all)- 
(PF,)(PPh,), (Vii), shows two broad singlets at a separation of 1308 Hz equal 
to ‘J(PF), with a chemical shift of Q = +7.4 ppm (relative to CFCla). 

(6) Asymmetric Type. The spectra of the syn- and anti-1-methyl-n-ally1 (II) 
and (III) l,l-diethyl-n-ally1 (IV), anti-1.2.dimethyl-n-ally1 (V) and k3-n-cyclo- 
heptadienyl (IX) mised phosphine cobalt{ I) compleses are very different from 
those mith a symmetric n-allylic group and give rise to much more complex 
patterns of lines. These spectra will be discussed in more detail in a later publi- 
cation. 

The observation of different ‘9F NMR spectra for complexes with sym- 
metric and asymmetric n-allytic groups indicates that. there is no process occurr- 
ing which would lead to an averaging of the position of the allytic group with 
respect to the phosphine ligands. A rigid trigonal-bipyramidal structure cannot 
rationalise the 14S? NMR observations, since there should be no difference be- 
tween complexes with symmetric or asymmetric r-allylic groups (Fig. 3). 
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- 14.9 - 14.8 - 14.7 - 13.5 -13.4 -13.3 kHz 
r -- _- I I I 

~lg. 2. l9F NMR spectrum of CO(~G~H~)(PF~)~(PP~~). 

Trifluorophosphine ligands wiU either be equivalent (if the molecule has 
a plane of symmetry, not passing through the PFI, groups) or inequivalent (if 
there is no such plane of symmetry) for both types of n-allylic group, depen- 
ding on the orientation of the allylic group. 

Pseudo-rotation of phosphine ligands within trigonal bipyramids in Fig. 3 
should be much less favoured, since the energy differences between the pro- 
posed intermediates would be expected to increase, the structures with adja- 
cent triphenylphosphine and x-allylic substituents being least favoured. 

The tetrahedral structures illustrated in Fig. 4 with the trifluorophos- 
phine ligands arranged symmetrically can account for the different “F NMR 
spectra of the two types of complex. With a symmetric T-a.lIylic group both 
PF, ligands will be equivalent, giving an [AX31 3 spectrum. Assymmetric sub- 
stitution of the n-allylic group makes the PFJ ligands inequivalent, giving an 
[ ABX3Y 3] system, where A and B are phosphorus nuclei and X and Y are 
fluorine nuclei. 

It seems likely that the bulky triphenylphosphine ligand would make rota- 
tion of a T-a.lIylic group occupying one site of a tetrahedral molecule very diffi- 
Cl&. 

PPh3 PF3 

Fig. 3. Possible tngonal-bipyramidal structures of Co(n-aU)(PF3)2(PPh3). 



FF, PPh3 

Fig. 4. Ponible stn~ctues of Co(n-aU)(PF3)~(PF%3) and Co(n-aW(PF3)(P~3)2 ComPkxm. 

Catalytic activity of Co(n-all}(PF3)Z(PPh3) 

Hexane solutions of the complexes Co(r-aU)(PF3)JPPh3) (where ~-all is 
R-C,H,, syn-l-Me-n-all, anti-l-Me-ad, l,l-diMe-n-all or syn,syn-1,3-diMe-~-all) 
do not catalyse the hydrogenation of I-octene at 50” and one atmosphere 
hydrogen pressure, but a slow isomerisation of I-octene to a 50/5O mkture of 
ck- and tans-2-octene is observed, with between 60 and 80% conversion in one 
day. Under a nitrogen atmosphere the solutions are completely inert, but are 
rapidly activated by changing to a hydrogen atmosphere. Addition of free tri- 
phenylphosphine greatly decreases the rate of isomerisation (Fig. 5). 

0 Cotfr-C,H,l W=,)p (PPh,) + % 
0 CoVZ-C.,H,NPF31, (PPh,J + N, 

A Colfi-C&J,) (PF,), (PPh, I + nPFh3+ Hz 

Twne :mln) 

F% 5. Isomedstion of l-octenc with onn.C0(n-C4H7)(PF3)~~~~) 

collditions. 
at 5o” in herane under various 
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The similar carbonyl complexes, CO(~-C~H,)(CO)~(PR,) are thou@ to 
react to give carbonyl bridged timers, [Co(CO),(PR3)1,, which yield CoH(CO)z- 
(PR,) under hydrogenation conditions [ 141. The cluster compounds [COG- 
PRBls (R = Ph, or n-Bu) have been found to be active hydrogenation catalysts 
at 70”/15 atm hydrogen pressure. Olefin isomerisation is a*competing reaction 
of similar rate [14,15]. Analogous bridged cluster compounds would not be 
possible for the trifiuorophosphine complexes, and treatment of a solution of 
anti-Co(rr-C4H7)(PF3),(PPh3) with hydrogen does not give any isolable new 
product, only a slow decomposition. This reaction is inhibited by free triphenyl- 
phosphine and unchanged starting materials are recovered. 

On the basis of these observations, it is tentatively proposed that the active 
catalyst is CoH(PF3)2(PPhJ), formed by hydrogenation of the Ir-allylic complexes. 
The initial step would be dissociation of a triphenylphosphine tigand, followed 
by osidative addition of molecular hydrogen. This process would be inhibited 
by free triphenylphosphine. 

The slight variaticn in catalytic activity between the different n-allylic 
isomers (and even different samples of the same isomer) is probably an indication 
of the presence of varying small amounts of free triphenylphosphine impurity. 

Experimental 

Reactions were carried out and compleses handled either in vacua or under 
an atmosphere of dry nitrogen gas. Solvents were dried and freshly distilled 
under nitroger. before use. 

‘H NMR spectra were recorded in benzene solutions on a Varian H.4 100 
spectrometer operating ;t 100 MHz using benzene as internal standard. 19F 
NMR were recorded at 94.1 MHz with C&F, as internal standard [@(C,Fs) = 
+162.8 ppm rel. CC&F]. IR spectra in the 4000-400 cm-’ range were obtained 
in Nujol mulls between KBr plates using a Perkin Elmer 457 spectrometer. 
Elemental analyses were carried out by Mrs. A.E. Olney of this department. 
Mass spectra were recorded on an AEI MS9 spectrometer. 

Cata!ytic studies were carried out as described previously [ 161, using an 
Engelhard Hydrogenation Control Unit. Samples of the reaction mixtures were 
analysed by GLC using an Aerograph Autoprep chromatograph. CO(T-C,HS)- 
(PFs), and the Co(n-all)(PF9)3 complexes were prepared as described elsewhere 
[7], while anli-Co(n-CdH,)(C,H6)(PPhS) and syn-Co(;T-CjH,)(C,H,)(PPh3) were 
obtained by literature methods [5 and 171. 

Preparation of Co(n-(C~,)(PF,),(PPh,) (I) 
Co(n-C,H,)(PF,), (0.111 g, 0.30 mmol), triphenylphosphine (0.079 g, 0.30 

mmol) and diethyl ether (2 ml) were heated at 60” in a sealed ampoule for 4 h, 
the yellow solution slowly becoming orange. The tube was opened on the 
vacuum line and the volatile components were removed, leaving an involatile 
yellow crystalline solid. This was extracted with n-hexane (15 ml) and the 
resulting solution was treated with a saturated solution of cobalt chloride in 
absolute ethanol (1 ml) to remove excess triphenylphosphine. The blue precipitate 
was filtered off and the filtrate evaporated to dryness under high vacuum. The 
greenish solid residue was extracted with n-hexane (10 ml) and filtered to give 



an orange solution which was slowly concentrated to give the orange crystalline 
product, n-allyibis(trifluorophosphine)(triphenylphosph~e)cob~t(i), 
Co(n-C,Hs)(PFs)z(PPh3) (0.086 g, 0.16 mmol; 53% yield based on cobalt 
complex; m.p. 145-147”). IR spectrum: 306Ow, 14SOm, 1437s, 1187w, 1093s, 
1025w, lOOOw, 97Ow, 921w, 87Ovs, 846s(sh), 830vs(sh), SlSvs, 798vs(sh), 
75Os, 699vs, 690m(sh), 590w, 5405, 522vs(br), 456w(sh), 446m cm-’ (Nujol 
mull). 

A small amount of unreacted Co(n-C,H,)(PFS):, (identified by IR spectro- 
scopy) was recovered. 

Preparation of Co(anti-l-Ille-sr-ali)(PF3)1(PPh3) (II) 
anti-Co(n-CaH,)(CJH6)(PPh3) (0.887 g, 2.1 mmol), PFJ (0.318 g, 3.6 mmol) 

and n-pentane (5 ml) were shaken in a sealed ampoule at room temperature for 
one week to give an orange solution. The tube was opened on the vacuum line 
and the volatile components were removed, giving a smal! amount of Co(anti-l- 
Me-m-all)(PF,)J [7] at -78” (0.026 g, 0.07 mmol; 2% yield based on cobalt 
complex) and a trace of excess PF, at -196”. 

The orange residue in the ampoule was extracted with hexane (30 ml) and 
the solution was stirred with a saturated solution of CoC12 in absolute ethanol 
(5 ml). The resulting blue precipitate was filtered off and the filtrate evaporated 
to dryness. The residue was estracted with hexane (20 ml) to yield an orange 
solution which gave a crystalline precipitate on concentration under high 
vacuum. The crude product was filtered off and recrystallised from hexane 
(20 ml) to give orange crystals of anti-1-methyl-J7-allylbis(trifluorophosphine)- 
(triphenyIphosphine)cobalt(I), Co(x-C,H,)(PF,)r(PPh3), [0.797 g, 1.5 mmol; 
70% yield based on Co(n-CqH,)(C,H,)(PPh3); m-p. 114-li5”]. IR spectrum: 
306Ow, 14SOm, 1436s, 1182w, 1091s, 107Ovw, 103Sw, 103Ow, lOOOw, 89Sm, 

880m(sh), 870s(sh), 86Ovs, 850s(sh), SlOvs(br), 755m(sh), 748s,696s, 690m(sh), 
539s, 524vs, 514vs, 505s(sb), 454w(sh), 440m cm-’ (Nujol mull). 

Preparation of Co(syn-I-Me-sr-all)(PF,),(PPh,) (Ill) 
_syn-Co(n-CaH,)(C4H6)(PPh3) was prepared according to the literature [7], 

by passing butzdiene into a suspension of CoH(N,)(PPha)x [ 5.398 g, 6.2 mmol; 
stirred in &ethyl ether (70 ml) at O”], to give a dark brown-red solution. Most 
of the displaced tiphenylphosphine was removed by repeated recrystallisation 
from hesane solutions and the supematant liquid was evaporated to dryness 
under high vacuum. 

The resulting brown oil was dissolved in n-pentane (10 ml) and treated 
with PF3 (0.795 g, 9.0 mmol) in two sealed ampoules at room temperature for 
three days. The tubes were opened on the vacuum line and the volatile compo- 
nents removed and fractionated. A very small amount of Co(syn-l-Me-sr-all)(PF3)3 
collected at -78” and was identified by its IR spectrum_ 

The oily, red solid residues in the ampoules were extracted with hexane 

(40 ml) and the so!utions filtered. The combined filtrates were concentrated 
under vacuum to give a crystalline precipitate. This was filtered off and recrystal- 
lised from hexane to give syn-l-methyl-~-allylbis(trifluorophosphine)(triphenyl- 
phosphine)cobalt(I), Co(lr-&H,)(PF,),(PPh,), as red-orange crystals (1.751 g, 
3.2 mmol; 52% yield based on the dinitrogen complex; m-p. 125-126”. IR spec- 
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hum: 306Ow, 1480m, 1436s, 1182w, 1091s, 1031w, lOOOw, 898w, 86Ovs, 849s, 
808vs(br), 791vs(sh), 749s, 745w(sh), 7OOs, 687w, 58Ow, 54Os, 522vs, 515s(sb), 
443m cm-’ (Nujol mull). 

Preparation of Co(l,l-diMe-~T-~~~)(PFJ,(PP~,) (IV) 
The isoprene complex Co(z--CSHs)(C,H,)(PPh,) was prepared as outlined 

in reference 5 from cobalt(I1) chloride (2.089 g, 16 mmol), isoprene and tri- 
phenylphosphine. The crude product (a red-brown oil) was dissolved in n-pentane 
(10 ml) and sealed in an arnpoule with PF, (0.340 g, 3.9 mmol) for three days 
at room temperature. The tube was opened on the vacuum line and the volatile 
components were removed. Only a small amount of Co( l,l-diMe-~-aU)(PF,)3 
collected in the -78” trap. 

The oily, red solid left in the ampoule was extracted with hexane (25 ml) 
and the resulting solution was treated with a saturated solution of CoClz in 
ethanol. The precipitate formed was filtered off and the filtrate evaporated to 
dryness under vacuum. The residue was extracted with hexane (25 ml) and the 
solution concentrated slowly to give a crystalline precipitate which was filtered 
off and recrystallised from hexane (20 ml) to give the product, l,l-dimethyl-n- 
allylbis(trifluorophosphine)(triphenylphosphine)cobalt(I), Co(n-C,H,)(PF,)2- 
(PPhX), as red-brown crystals (0.747 g, 1.3 mmol; 8% yield based on CoC12; 
m.p. 153-157”). IR spectrum: 306Ow, 1481m, 1437s, 1188~. 1091s, 1072s, 1030~ 
1002w, 92Ow, 869s(sh), 86Ovs, 85Os, 84Os, 819s(sh), 803vs, 795vs(sh), 750m, 
741s, 7OOs, 687w(sh), 6OOw, 539s, 526vs(br), 502m, 459w, 446w(sh), 44Os, 
432w, 398~ cm-’ (Nujol mull). 

Preparation of Co(antl-1 ,2-dible-x-aLl)(PF,),(PPh,) (V) 
Co(anti-l,2-diMe-n-all)(PF3)9 (0.176 g, 0.45 mmol) [73, triphenylphosphine 

(0.299 g, 1.2 mmol) and &ethyl ether (3 ml) were heated at 60” in a sealed 
ampoule for 25 h. The tube was opened on the vacuum line and the volatile 
components were removed, unreacted Co(n-C,H9)(PF,), collecting in the -78” 
trap (0.093 g, 0.24 mmol). 

The involatile residue was extracted with hesane (10 ml) and the solution 
was treated with a saturated solution of CoCl, in ethanol (1 ml). The blue 
precipitate formed was filtered off and the filtrate evaporated to dryness. The 
solid residue was estracted with hevane (5 ml) and the resulting solution was 
slowly concentrated under vacuum to give the product, anti-1,2-dimethyl-n- 
allylbis(trifluorophosphine)(triphenylphosph~e)cob~t(I), CO(~~-CSH~)(PF~)~- 
(PPh3), as orange crystals (0.060 g, 0.11 mmol; 25% yield based on cobalt 
complex; m-p. 150-152”). IR spectrum: 306Ow, 1484m, 14389, 1187w, 1093s, 
1030m, IOOlw, 943w, 867vs, 851s(sh), 830s(sh), 8lOvs(br), 80Ovs(sh), 753m(sh), 
747s, 7OOs, 695s, 54Os, 527vs, 519vs, 507s, 458w, 440m cm-’ (Nujol mull). 

Preparation of Co(syn,syn-1,3-di~le-~-aZi)(PF,)2(PPh,) (VI) 
The penta-1,3diene complex Co(n-C,f%)(C,H,)(PPh,) was prepared from 

cobalt(U) chloride (1.689 g, 13 mmol), penta-1,3diene and tiphenylphosphine. 
The crude product, a red-brown oil, was dissolved in n-pentane (10 ml) and 
treated in two sealed ampoules with PF3 (0.639 g, 7.3 mmol) at room tempera- 
ture for a week. The ampoules were opened on the vacuum line and the volatile 
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components removed and fractionated. Only a trace of Co(syn,syn-1,3-diMe-n- 
all)(PF& was collected at -78”. 

The oily, red involatile residues were extracted with hesane (50 ml) and 
the solutions filtered. The combined filtrates were concentrated under vacuum 
to form a crystalline precipitate which was filtered off and recrystallised from 
he.uane (20 ml) to yield the product, .syn,syn-1,3-dimethyl-x-aUylbis(trifluoro- 
pho.sphine)( triphenylphosphine)cobalt( I), Co(x-C5H9)(PFJ)2( PPhS), as red 
crystals (0.662 g, 1.2 mmol; 9% yield based on CoCI,; m-p. 11&115’). IR spec- 
trum: 306Ow, 1480m, 1434s, 1185w, 1092m, 1088m, 1033m, 1023w(sh), 
lOOOw, 950mw, 891s, 871vs, 861vs,846vs, S38vs, 82Ovs, 809vs, 796vs, 756m, 

747s, 705m(sh), 697s, 682w, 538s(sh), 523vs, 510ms, 500m, 455w, 445m, 
429w(sh), 419w, 391m cm-’ (Nujol mull). 

Preparalion of Co(2-Et-Ti-all)(PF,12(PPt:,) (VII) 
A crude sample of Co(anti-l,2-dihIe-iT-all)(PF~)3 (0.268gO.68 mmol) was 

heated at 60” with triphenylphosphine (0.304 g, 1.2 mmol) and diethyl ether 
(3 ml) in a sealed ampoule for 6 h. The tube was opened on the vacuum line 
and the volatile components were removed, unreacted Co( ~-C,H,)(PFJ), 
collecting at -78” (0.176 g, 0.45 mmol). The involatrJe residue was extracted 
with hexane (20 ml) and the solution was treated with a saturated solution of 
CoCI, in ethanol (1 ml). The precipitate formed was filtered off and the filtrate 
evaporated to dryness. The residue was extracted with hesane (5 ml) and the 
resulting solution was slowly concentrated to give orange crystals (0.055 g, 
0.09 mmol; 8% yield based on total cobalt complex; m.p. 96-98”) which were 
identified by their *!-I NhiR spectrum &as 2.ethyl-n-allylbis(trifluorophosphine)- 
(triphenylphosphine)cobalt(I), Co(n-CjHP)(PFx)2(PPhs). IR spectrum: 306Ow, 
2481113, 1436s, 1186w, 1097ms, 1091ms, 103Ow, lOOlw, 961m, 927w, 867vs(br), 
849s(sh), 833vs, SlOvs(br), 80Ovs(sh), 7809, 755m(sh), 747s, 7OOs, 688w(sh), 
54Os, 526vs, 52Ovs, 508m(sh), 46Ow, 446m cm-’ (Nujol mull). 

Preparation of Co(2-Et-n-(all)(PF,)(PPh,), (VIla) 
The crude product from a preparation of the isoprene complex 

Co(z-CSH9)(CSHS)(PPhS) (from 1.794 g, 1.4 mmol CoCl,) was treated with PF3 
(0.174 g, 2.0 mmol) at room temperature in a sealed ampoule for four months 
to give an orange solution and a precipitate of large red crystals and free tri- 
phenylphosphine. The tube was opened on the vacuum line and the lrolatile 
components were removed. The red crystals were picked out from the solid 
residues and were washed with hexane to remove triphenylphosphine and 
Co(1,1-diMe-ir-all)(PF3)2(PPh~) (IV). The resulting solid (0.055 g, 0.07 mmol; 
1% yield based on CoCI,; m.p. 145-152”) was identified as 2-ethyl-n-allyl(l.ri- 
fluorophosphine)bis(triphenylphosphine)cobalt(I), Co(n-CSH9)(PF3)(PPh3)2r by 
IR, ‘H ?JMR and 19F NMR spectroscopy. IR spectrum: 3059w, 1481m, 1436s, 
1188w, 116Ow, 1090m, 1027w, lOOOw, 915w, 855w, 826vs, 794s, 783s, 
755m(sh), 747s, 7lilm(sh), 7OOs, 685w(sh), 650~~ 540m, 526s(sh), 519vs, 
5lOm(sh), 492w, 450m, 410~ cm-’ (Nujol mulf). 

Preparation of Co(s-C~,,J(PF,),(PPh,) (VIII) 
Crude Co(n-CsH r r)(PFs)s (1.050 g, 2.3 mmol) containing a small amount 
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of organic impurities was stirred in a Schlenk tube with triphenylphosphine 
(0.412 g, 1.6 mmol) in diethyl ether (5 ml) at room temperature for 18 h, the 
orange solution slowly becoming red. The volatile components were removed 
in vacua and the solid residue was extracted with hexane (20 ml). The resulting 
solution was treated with a saturated solution of CoCl, in ethanol (2 ml) and 
the precipitate formed was filtered off. The filtrate was evaporateri to dryness 
and the solid residue extracted with hesane (20 ml). The solution was slowly 
concentrated under vacuum to give red crystals which were filtered off and 
recrWallised from hexane to give the product, ir-cyclooctenylbis(trifluoro- 
phosphine)(triphenylphosphine)cobalt(I), Co(n-CsHIJ)(PF3)z(PPh3) (VIII) 
(0.062 g, 0.10 mmol; 4% yield based on total crude starting material; m.p. 
137.139”). IR spectrum: 3058w, 1480m, 1436ms, 1261w, 1186w, 1091ms, 
1025w(br), lOOOw, 97Ow, 872vs, S51s, 841s, 827vs, 8lls(sb), 798vs, 754s, 
746ms, 7OOs, 69Ow(sh), 54Os, 529vs, 513vs, 461w, 438m cm-’ (Nujol mull). 

Preparation of Co(n-C7H,)(PF,)2(PPh,) 
CO(TT-C,H~)(PF~):! (0.693 g, 2.1 mmol), triphenylphosphine (0.510 g, 

2.0 mmol) and n-pentane (3 ml) were shaken for three days at room tempera- 
ture in a sealed tube to give a red crystalline solid and solution. The tube was 
opened and the volatile components were removed in vacua. The solid residue 
was washed with hexane and dried under high vacuum to give crude 
Co(n-C,Hg)(PF3)2(PPh3) (0.548 g, 0.93 mmol; 48% yield based on the crude 
cobalt complex). 

The crude product was further purified by dissolving in hesane (10 ml) 
and treating with a saturated solution of CoCl, in ethanol (1 ml). The resulting 
precipitate was filtered off and the filtrate evaporated to dryness. The solid 
residue was extracted with hesane (10 ml) and the solution was slowly concentrat- 
ed to give red crystals of h3-n-cycloheptadienylbis(trifluorophosphine)(tri- 
phenylphosphine)cobalt(I), Co(n-C7H,)(PF&(PPh3)] (m-p. 116-118”). IR spec- 
trum: 306Ow, 302Ow, 1479m, 1435s, 118Ow, 1090ms, 103Ow, lOOOw, 873vs, 
854s, 84Ovs, 825s(sh), 819vs, 8OOvs, 75Os, 744m(sh), 720mw, 697s, 688w(sh), 
613w, 539s, 525s. 512vs, 454w, 431~ cm-’ (Nujol mull). 

Thermal isomerisation of Co( 1,l -diAle-n-all)(PF&(PPhJ 
A sample of Co(l,l-diMe-n-aU)(PF,)2(PPh3) (IV) in benzene solution was 

heated at 60” in a sealed NMR tube and the ‘H NMR spectrum monitored. 
Rapid change over 2 h indicated the formation of Co(anti-1,2-diMe-n-all)(PF3)2- 
(PPh,) (V) almost quantitatively. Further heating for 8 h caused no other 
changes. Tbe tube was opened and the solution evaporated to dryness to give 
an orange crystalline solid whose ‘H NMR, 19F NMR, and IR spectra were 
identical with those of a known sample of V. 

Reaction of Co(anti-I-Me-r-ail)(PF3)2(PPh,) with butadiene 
Co(anti-l-Me-n-all)(PF3)z(PPh3) (III) (0.085 g, 0.17 mmol) and butadiene 

(5 ml) were shaken far a week at room temperature in a sealed ampoule to give 
an orange solution. The tube was opened on the vacuum lime and the volatile 
components were fractionated. A trace of yellowish liquid in the -78” trap was 
identified as 4-vinyl-l-cyclohexene (VCH) by ‘H NMR spectroscopy. The sticky 



orange residue was found by IR spectroscopy to be unreacted starting material. 

Reaction of Co(anti-l-I~~e-R-alil(PF:,)5(PPh,) wfth molecular hydrogen 
Hydrogen gas was bubbled through a solution of Co(anfi-l-Me-n-all)(PF,)2- 

(PPha) (II) (0.060 g, 0.11 mmol) in hexane (20 ml) at 50” for 3 h. A small 
amount of a white precipitate formed was IXered off and dried. The ZR spec- 
trum of this solid indicated the presence of triphenylphosphine oxide and an 
unidentified cobalt complex, formed by decomposition. The filtrate was evaporat- 
ed to dryness and identified as unreacted starting material. 

The experiment was repeated with added triphenylphosphine (0.026 g, 
0.10 mmol), but no difference was observed in the reaction. 

Actiuity of Co(anti-I-.LVe-n-atl)(PF,)2(PPh3) (ii) 
(a) tinder hydrogen_ Co(anti-l-Me-n-aU)(PFS)2(PPhx) (0.050 g, 0.09 mmol) 

was investigated in hesane solution at 50”, but was found to be inactive for 
hydrogenation, with no hydrogen uptake after $4 h. GLC analysis of the solution 
showed a slow isomerisation of 1-octene to 2 50:50 mixture of cis- and trans- 
2-octene. SmaJJ amounts of 3-octene were detected when the 2-octene became 
the major component. The orange solution slowly became pale yellow during 
the reaction, indicating decomposition. The percentage of 2-octene found at 

various times was: 30 min, 3%; 120 min, 25%; 240 min, 37%; 300 min, 38%; 
1380 min, 66% + 1% 3-octene. 

(b) Under nitrogen. The experiment was repeated with Co(anti-l-Me-;r-all)- 
(PF;)T(PPhS) (0.047 g, 0.09 mmol) under similar conditions, but with a nitrogen 
atmosphere above the reaction mixture. Isomerisation was negligible, even 
after a day. Percentage of !X-octene, 30 min, 0%; 120 min, 0%; 240 min, OR; 
1260 tin, < 1%. 

After 1300 min the atmosphere was changed to hydrogen and an increase 
in activity occurred immediately. Percentage of Soctene: 60 min, 12%; 180 min, 
24%. ,240 min, 26%; 300 min, 28%; 360 min, 30%; 1320 min, 53% + 1% 3-oct- 
ene. 

(c) Under hydrogen with added triphenylphosphine. The experiment was 
repeated with Co(anti-I-Me-n-aU)(PFS)2(PPhx) (0.050 g, 0.09 mmol) under 
hydrogen with triphenylphosphjne (0.100 g, 0.38 mmol) in solution. Very 
slow isomerisation was detected. Percentage of 2-octene: 30 min, 0%; 60 min, 
> OS, 120 min, 0.5%; 180 min, 1%; 1200 min, 5%. 

The results for (a), (b) and (c) are represented graphically in Fig. 5. 

Actiuity of other Co(x-all)(PE&(PPhj) complexes 
These complexes were investigated in the same way as the anti-l-methyl- 

n-allylic isomer, at 50” in hexane under hydrogen. AII were found to be active 
for the isomerisation of I-ockne to cis- and trans-2-octene and the results are 
listed below: 

Co(lr-CJI,)(PF3)2(PPh3) (I) (0.031 g, 0.06 mmoi). Percentage of 2-octene: 
60 min, 37%; 120 min, 27%; 180 min, 34%; 1200 min, 80% + 6% 3-octene. 

Co(syn-I-Il~e-n-ail)(PF,),(PPh,) (HI) (0.036 g, 0.08 mmol). Percentage of 
Zoctene: 60 min, 12%; 120 min, 27%; 180 min, 34%; 280 min, 46%; 340 min, 
49% + l?L 3-octene. 



Co(Z,l-diMe-7r-0ll)lPF,)~(PPh~)(IV) (0.050 g, 0.09 mmol). 
2-octene: 75min,17r0;225min,2410;285min,29~0;345m~, 
50%. 

Co(syn,syn-1.3-dale-malL)(PF,),oPhJ(VI)(O.O49g, 0.09 
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Percentage of 
33%; 1335 min, 

mmof). Percentage 
of 2-octene: 45 min, 15%: 75 min. 17%; 120 min, 25%; 165 min, 31%; 285 min, 
37%;330 min, 43%;1305 min, 57%. 
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