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SUMMARY 

The reactions of CoH(N,)(PPh,), (I) and CoH(CO)(PPh,), (II) with sub- 
stituted olefins have been studied. Some oleiins give olefm-coordinated ‘IL complexes 

whereas others are polymerized by (I) and (II). Kinetic studies by a spectroscopic 
method revealed that lhe reactions are first-order with respect to the complexes; 
the pseudc&-st-order rate constants k(N,) and k(C0) of the reactions with the N2 
and CO complexes can be expressed as 

1 

ko= 1 

; + A - (B + C - [N2]} . ;ge;;, 
1 1 CPPh,l 

kjcq =iPT_ + D ‘COlefIn] 

On the basis of kinetic results and from the comparison of the reactions of (I) and (II) 
with olelins, a mechanism involving a dissociation of one ttiphenylphosphine l&and 
from (I) and (II), followed by coordination of the olelin leading to the activation of 
Co-H bonds is proposed. 

INTEkODUCTION 

Complexes having metal-hydrogen and metalarbon bonds catalyze the 
homogeneous hydrogenation, oligomerization and polymerization I. We have isolated 
various transition metal complexes containing metal-hydrogen and metal-alkyl 
bonds from Ziegler type mixed catalyst systems and have studied the reactions of these 
complexes with various substituted ole6ns2. In some cases the reactions of olefins 
with the hydride and alkyl complexes Iead to polymerization while in other cases 
metal4elin II: complex= are formed Previously we reported the isolation of olefin- 
coordinated complexes by the reactions of methyltris(tiphenylphosphiue)cobalt(I) 
and hydridodinitrogentris(triphenylphosphine)cobalt(I) CoH(NI)(PPh,), with ole- 
lit&. In this paper we descrii the mechanistic studies on the reactions of olefiis 
with CoH(N,)(PPh3)34 and its isoelectronic analog, hydridocarbonyltris(triphenyl- 
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phosphine)cobalt(I) CoH(C0) (PPh,), 4_ These hydride complexes -are stable and 
proved to be particularly suitable for studying spectroscopically the mechanisms of 
activation of the metal-hydrogen bond by coordination of o1efm.s. 

RESUJJS AND DISCUSSION 

Reactions of CoH(N,)(PPh,), with substituted ol@ns 
Table 1 summarizes reactivities and polymerization activities of CoH(N& 

(PPh,), towards a series of vinyl compounds The oleGns are arrangedin the decreasing 
order ofAMiey and Price’s e-values which is considered to refled the electronegativity 
of the olel?ns Previously we noted in the reactions of an dialkylbis(bipyridine)iron(II) 
with oleEns that there is a correlation between the e-values and the reactivities of the 
olelins with the alkyliron complex; i.e., the olefins with larger e-values, except for 
a&substituted olefm, are polymerized and the olefms with negative e-values do not 
react with the alkyliron complexzb. A similar but less marked trend is also observed 
here in the reactions with (I)_ Olefins of medium e-values are polymerized by (I) but 
in contrast to the inertness of R,Fe (Bipy), towards olefins with negative e-values, (I) 
reacted with styrene and isobutyl vinyl ether giving oleiin-coordinated complexes3. 

In all reactions nitrogen was evolved but hydrogen was not Liberated. 

TABLE 1 

REACl-IONS OF CoH&)(PPh,), WITH OLEFMS 

Orpftr e_Dalue- ResultP 

Tetraqxuoethylcne (TCNE) 
Acryl amide (Acam) 
Methaaylamidc (Meaaun) 
Acrylonitrile (AN) 
Methauylonitrile 
Aaokin 
Methyl vinyl ketone (MVK) 
Methyl acrylatt (MA) 
Methyl methaaylate (MMA) 
Vinyl acetate (Vat) 
styrene (St) 
Isobutyl vinyl ether (IBVE) 

130 

120 
0.81 
0.73 
0.69 
0.60 
0.40 

-022 
-0.80 
-1.77 

CoHW-N%PPh,), 
CoH(Acam), 
CoH(Meacam), 
Polymerization 
Polymerization 
Polymeri7iuion 
Polynletization 
Oily product 
Polymerization 
CoH (Vat), 
Co(st)(P(C,H,)(C,H,),)(PPh,ll 
CoH(IBVE), 

“The isolated eompkxes whose compositions are given in the tabk have beam reported separately”. 

Kinetics of the reactions of CoH(N,)(PPh,), with olefins 
CoH(N,)(PPh,), exhibits a band of large extinction coefficient (&=3 x l@) 

at 390 MI in toIuene and a band at 260 nm, at the same wavelength as the absorption 
of the triphenylphospbine ligand its& Similar bands are observed with CoH(CO)- 
(PPh,), at 375 and 260 MI in toluene The absorption of CoH(N,)(PPh& at 390 nm 
may be ass&d to a chargetransfer band which is due to an electronic excitation fiorn 
a cqbalt d-orbital to an anti-bonding Ir* orbital of the triphenylphosphine @and. 
The assignment is supported by the blue shifts of the band in polar &olvents such as 
dimethylfo- -de and acetonitrile. In these solvents the energy of the d-orbit& 
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are considered to be lowered by strong solvent-coordination*_ That CoH(C0) (PPh,), 
shows a similar band at 375 nm in toluene also supports the assignmen& since the CO 
l&and, being a stronger R acceptor than N, may cause the lowering of the d-orbitals 

thus leading to the blue shift horn the absorption band of CoH(N3 (PPh&. 
The reactions of CoH(N,)(PPh,), with olelins can be conveniently folloWed 

by observing the spectral change in the charge-transfer band as exemplilied in Fig. 1 
(reaction of CoH(N,) (PPh,), with styrene). The charge-transfer band at 390 nm 
decreases with timq the spectrum showing clear isoshestic points. In Fig. 2, plots of 
the logarithms of the absorbances (A - A,), where A, represents the absorbance at the 

(11 Omin 

(2) 3min 

(3) Mmin 

(a) QOmin 

Wavelength 

Fig. 1. The spectral change of CoH(Nd(PPh,), upon reaction with styrcne in toluew at s ; [CoH(N,)- 
(PPh,),] =A4 x 10m4 mol/l. [Styrene] =22 x lo-’ mol/l_ (1) 0 mis (2) 3 m& (3) 20 min, (4) 90 min. (5) 0D. 

I -d[CoH(N~(PPh~~‘df-“(~[CoH(N2)oP~ 

Time (min) 

Fig 2 Plots of log (R -Am) (c/: Fig 1) uf. time; (a) methacrylonitrile (h4AN). 1hO x IO-’ mol/l; (b) methyl 
acrylatc (MA), 3.62 x lo-’ mol/l; (c) acrylonitrik (AN). 220 x 10s2 mol/l; (d) mcthyhethaaylatc (MMA), 
200 x 10ml mol/l; (c) styfcne (Stb 135 x lo+ mol/l; at Zp. in tolucnc 

l In fact an anztonitrile coordinate compla has been isolated6. 



168.’ Y. I&O, k YAMh9OTO. Lim IKEDA 

end of.the reaction in Fig 1, against time indicate that the reaction is first-order with 
reipeg to CoH(N2) (PPh3)3 under the conditions where the changes of ole6n concen- 
‘tration are negligible. 

-d[CoHOIJ,) (PPh,hl/dt = k(N,) - CCoWW WW,l (1) 
Eqa- (1) holds for tbe reactions with acrylonitrile, methacrylonitrile, methyl 

acrylats methyl metbacrylate and styrene. When tbe olefin concentrations are variec& 
k(N3 in eqn. (1) increases with increasing ole5n concentration approaching a limiting 
value, daignated as k, in Fig 3. Fig 4 shows the linear relationship between l/k(N,) 
and l/[MTJ (where M is the oleljn concentration) which were replotted from Fig 3. 
The kinetic results suggest an S,l mechanism for the reactions of CoH(N,)(PPh,), 
with olefins where a slow ligand dissociation takes place first followed by interaction 
of the oleh with the partially dissociated complex leading to the irreversible change 

[Olefin] tmolll) 

Fig 3. Pscudc4rst-ordcr tare constant k(N2) UL ole6m conanmtion at Zp ; solvent= toluene. AN= 
aaylonitrile. St-stpne and MAN==mcthacqlonitrils [COH(N~(PP~,),]=U x 10m4 mol,L 

0 50 Xld l.0 x103 

Cokf,$; il./lqOl) 

Fig. A The IlxiprOiA plot for the data SJlown iu Fi& 3. 
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of the complex Either dinitrogen or triphenylphosphine should be .considered as the 
leaving ligand and this presents a diflicult problem, namely to decide which is the 
actual Ieaving group. Although the formations of CoH(C0) (PPh,), and Co(Styrene)- 
(P(C,H,)Ph,) (PPhA3 in the reactions of CoH(N,)(PPh,), with CO and styrene 
appear to support initial liberation of N,, the kinetic results based on inhibition ex- 
periments in the presence of added triphenylphosphine in the reactions of CoH(N,)- 
(PPh,), with oleijns is compatible with a mechanism involving initial liberation of 
triphenylphosphine. Fig 5 demonstrates the effect of addition of triphenylphosphine 

SD- 

Fig 5. The erect of added triphenylphosphine on the pseudo-first-order WC constant, k(N,). for the W~~OII 
of CoH(&)(PPh,), with sryrcne in roluenc at 29; added [PW,]: (a) 427 x LO-‘: (b) 195 x 10sJ; (c) 
1.45 x 10m3; (d) IUS x lo-‘; (e) 0 moljl. 

on the rate constants k(NJ in the reaction of CoH(N,)(PPh,), with styrene The reao 
tion is suppressed in the presence of added triphenylphosphine end the rate dependen= 
on the concentration of added triphenylphosphine is shown in Fig 6. The effect of 
nitrogen pressure on the reaction rates was also studied by varying, the pressure of 
nitrogen gas in the presence of added triphenylphosphine and at constant concentra- 
tion of methacrylonitie. Fig 7 illustrates the result showing a linear relationship be- 
,tween l/(k(Nd and P(N,). the pressure of nitrogen, except for the low P(N,) region 
where some deviation from the linearity is observed 

These results can be interpreted in terms of a mech&niam comprising the 
following elementary steps : 

: 
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CoH(N,)(PPh,), & CoH(N,)(PPh,),+ PPh, 

cc,1 k-’ cc21 

CoH(N,) (PPh,), + Olefin + CoH(N,) (Olelk) (PPh,), 
1 

cc21 cc31 

CoH(N,)(Olefin)(PPh,), 2 CoH(Olefin)(PPh,),+ N2 
k-3 

cc31 CGI 

CoH(Olefm)(PPh,), 2 irreversible reaction 

cc41 
s d E _E 10 c 

(4 

(b) 

(4 

(4 

Fig 6. The plot of rhc slopes of lines in Fig 5 against the concentration of added triphaylphosphinc. 

I 

0 20 40 60 cmHg 

Fl&7.Thcc&tofthep- of nitrogen on the pseudo-first-order rate constant k(NJ for the reaction of 
CoH(NJ(PPhJ, with methactylonitrile in Wrahydrofiuan at 3P. [methactylonitrile] =75 x lo-’ mol/l; 
[PPhJ =855 x 10m3 mol/l; [CoH&)(PPh,),] =X70 x 1Om4 mol/L 
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In step (a) triphenylphosphine is removed, making a site available for the incoming 
olefin which coordinates to the partially dissociated species [CJ in step (b)- By 
interaction of the olefin with cobalt a L complex [C,] is formed in which the electron 
density on cobalt is decreased because of back-donation from cobalt to the oletin. 
The decrease in electron density in [C,] makes the back-donation from cobalt to the 
N, @and less favorable thus leading to the dissociation of N1 in step (c). In step (d) 
the coordinated olefIn activates the Co-H bond and consequently au irreversible rcac- 
tion, such as polymerization and the formation of the complexes given in Table I, 
takes place_ Step (d) is rate-determining at low ole6n concentrations whereas at high 
olefin concentration% the rate is determined by step (a). In the reaction of styrene with 
(I) ethylbenzene and a styrene-coordinated complex Co(Styrene) [P(C,H,)Ph,]- 
(PPh,), are form&. As illustrated by the formation of Co(Styrene)[P(C,H,)Ph,]- 
(PPh,), the mechanism may be further complicated by involvement of the orfho- 
hydrogens of the triphenylphosphine ligand, but in order to avoid undue complica- 
tions we conIine ourselves to the discussion of the reaction mechanism expressed by 
steps (a) to (d) which are relevant to the understanding of the essential mechanism 
The assumption of steps (a) to (d) and the stationary state approximation for the 
concentrations of CC,], [C,] and [C,] leads to eqns. (1) and (2). 

1 1 k-1 
k(N,) = G + k,-k,-k, 

-w - {(k_-2+k_-3) + k-;;k_3 - [NJ) (2) 
4 

The essential agreement of eqn (2) with the experimental results shown in Figs. 4-7 
is evident A mechanism assuming initial removal of N, cannot account for the inhibit- 
ing effect of triphenylphosphine The following independent lines of evidence also 
support initial liberation of triphenylphosphine. (i). The N2 l&and in CoH(N,)- 
(PPh,), is firmly bound to cobalt and it is diEcult to remove N, from the solid com- 
plex by pumping; slow evolution of N, starts at ca. 800 accompanied by irreversible 
decomposition of the complex4 (SS). The exchange of coordinated 2aN, in CoH(N,)- 
(PPh& dissolved in benzene with gaseous ‘ON? failed4. (iii). An infrared study 
revealed that the replacement of the coordinated triphenylphosphine in the N, 
complex by li-ee tibutylphosphine or tioctylphosphine in benzene solution took 
place in a stepwise manner to the extent that the three triphenylphosphine ligands 
were displaced by trialkylphosphine molecules without decrease in the intensity of 
the v&N) absorptionf The isolation of complexes containing three coordinated 
triphenylphosphine ligands such as CoH(CO)(PPh,),, and Co(Styrene)[P(C6H4)- 
Ph,] (PPh3)2 after reaction of CoH(N,) (PPh,), with CO and styrene may at first 
sight appear incompatible with the present mechanism assuming liberation of 
triphenylphosphin~ but examples are known where the liberated l&and combines 
with the complex to give a less soluble and isolable complex and the isolation of a 
complex with three triphenylphosphine ligands does not preclude the liberation of 
the Iigand in solution. 

In or&r to obtain evidence for the slow liberation of triphenylphosphine in 
solution the variable temperature 
The proton decoupled 

31P NMR spectra of (I) in toluene were measured. 
31P NMR spectrum of (I) at room temperature showed a 

somewhat broad single peak due to coordinated triphenylphosphine’ ligands at 
-49.4 ppm (relative to the peals for free triphenylphosphine t& the external standard) ; 
no peak due to liberated triphenylphosphine was observed A toluene solution of (I) 
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containing added triphenylphosphine in a l/l ratio showed single peaks due to coor- 
dinated and to free triphenylphosphine in a 3/l ratio. By lowering the temperature to 
-8CP a striking sharpening of the peaks of both the coordinated and the l&z tri- 
phenylphosphine and an increase of the chemical shift difference between the two 
peaks to 52.9 ppm took place. These results indicate that in the concentration range, 
suitable for the observation of the 3 ‘P NMR (ca 10 %), the equilibrium [eqe (a)] lies to 
the lelt and that the concentration of free triphenylphosphine is negligible, but that 
slow exchange does take place at room temperature In the context of the proposed 
mechanism, the k, value corresponding to the rate constant for the liberation of 
triphenylphosphine from (I) in equ (a) is 1.6 x 10B3 set-’ from Fig 3. This value is 
quite small in the time scale of 31P NMR at 40 MHz and it is reasonable that the 
somewhat broadened peaks of the coordinated and uncoordinated triphenylphos- 
phines as separate peaks at room temperature should be observed. 

Some experimental deviation from the relationship expressed by eqn (2) 
demands comment Although eqn. (2) requires that the line in Fig 6 should pass through 
the origin, the ordinate of Fig 6, in the absence of added triphenylphosphine has a 
de&rite positive value. This is probably caused by the liberation oftriphenylphosphine 
from (I) in the solution, when the concentration of (I) is too low to allow the measure- 
ment of the electronic spectrum, and the actual concentration of the triphenylphos- 
phine in the solution is not zero. Fig 7 also exhibits deviation from linearity in the 
low P(NJ range expected from eqn. (2). Although the exact reason for the deviation 
is not apparent From the available data, it is possible that initial liberation of the N2 
l&and is taking place to a minor extent compared with the major first removal of the 
triphenylphosphine ligand, particularly in the low P(NJ region If this is the case, the 
actual P(NJ values at low nitrogen pressures in Fig 7 should be increased, a better 
agreement of the experimental values with the linearity being thus obtained. In general, 
the proposed mechanistic scheme (a) to (d) is in agreement with the experimental results. 

Kinetics ofthe reactions ofCoH(C0) (PPh,), with olefins 
CoH(CO)(PPh,), reacts with various substituted olelins to give polymers or 

TABLE 2 

REACTIONS OF CoH(CO)(PPh,), WITH OLEFINS’ 

e-value Results 

Tetracyanoethylent (TCNE) COH(CO)@CNE),(PP~,)~ 
Acrylamide (Acam) 130 CoH(CO)(Acam), 
Acrylonitde (AN) 120 Polymerizalion 
Methaaylonitrik (MAN) 0.81 Reactiod 
Methyl acrylatc (MA) 0.60 No reaction 
Mctbyl mcthacqlatc (MMA) 0.40 No reation 
Vinyl acetate (Vat) -022 CoH(CO)(Vac), 

Sri=== (St) -0.80 Polymerization 
a-M&y1 styrene (-Mar) No wdon 
Isobutyt vinyl ether (LBVE) - 1.77 Polymexization’ 
Butadia~e (BD) No reaction 

‘All the reactions were carried out at room temperature ’ The color of the complex changed to green with- 
out evolving gas ‘A polyma of low molecuk weight soluble in methanol was obtaiued. 
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olefin-coordinated complexes (see Experimental). Table 2 summa ties the reactivities 
and polymerization activities of CoH(CO)(PPh,), towards olefins. Evidently. the 
carbonyl complex is less active than its isoelectronic analog CoH(N,)(PPh,), and 
only a limited number of vinyl compounds were polymerized. In the reactions of CoH- 
(CO)(PPh,), with tetracyanocthylene, vinyl acetate, and acrylamide, carbon mono- 
oxide and hydrogen were not evolved and the carbonyl l&and remained attached to 
cobalt throughout. 

Quite analogously to the corresponding dinitrogen compIex, the reactions 
of CoH(C0) (PPh,), with olefins were followed by observing the spectral change of 
its charge-transfer band at 375 n.m The reaction was first-order with respect to 
CoH(CO)(PPh,), and the concentration change in the olefin can be ignored. 

-d[CoH(CO)(PPh,),]/dt = k(C0). [CoH(CO)(PPh,),] (3) 

The pseudo-first-order rate constant k(C0) increased with increasing olefin con- 
centration, approaching a limiting value k,‘. The reciprocal plots of k(C0) against 
methacrylonitrile concentration are linear as shown in Fig. 8. Addition of triphenyl- 
phosphine to the system inhibited the reaction. A similar plot to Fig 6 gave Fig 9. 
The interpretation of the kinetic results for the present system is more straightforward 
then that with the &nitrogen complex. The carbony &and is more strongly bound 
to cobalt than is dinitrogen in CoH(N2)(PPh,), and triphenyIphosphine can be 

r= 15 

a-. 10 

P. 4 

I 

0 loo 200 300 400 500 600 700 

lI[Olefin](llmol) 

Fig 8. The effect of added triphcnylphosphinc on the pscud~bint-orda t-ate -nstans k(CO) fo; the rcao 

’ 
tion of CoH(C0) (PPhl)3 with mcthnuylonitrilt in tolucnc at 39: [PPh,] :(a) 256 x 10B3 ; (b) 1.70 x low3 ; 
(c) 0.62 x IO-” ; (d) 0 mol./l 
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1.0 20 30 x~O-~ mol/I 

Fig 9. The plot of the slopes or lines in Fig 8 against the added triphenylphosphig [PPhJ. 

safely regarded as the dominan t 6rst liberated l&and The kinetic results can be ex- 
plained by assuming the following elementary processes: (a) liberation of triphenyl- 
phosphine from the carbonyl complex making a coordination site fi-ee; (b)’ coordina- 
tion of the ole6n to the vacant site ; (cr by coordination of the olefin, the Co-H bond is 
activated and the complex dccomposcd irrcvctsibly or a polymer is formed by in- 
sertion of the ole6n into the Co-H bond 

CoH(C0) (PPh& n; CoH(C0) (PPh,), + PPh, 
f’- , 

cc;1 CGJ 

CoH(CO)(PPh,),+olefm + CoH(CO)(olefm)(PPh,)l 

WZl z Kl 

CoH (CO) (olehn)( PPh,), 2 irreversible reaction 

CC3 

W 

(b)’ 

(c)’ 

The assumption of these elementary steps with (I$ as the rate-determining 
step, when a limited amount of ole6n was used, and the application of the steady-state 
approximation to the concentrations [Cd and [C;] leads to eqns (3) and (4) which are 
in agreement with the experimental result8 shown in Figs. 8 and 9. 

1 ‘1 K-,-k& _[PPh,] -=-+ 
k(C0) Kl Kl -K2 -K; CM1 
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If the proposed mechanism is valid K,, the rate constant for the initial liberation of 
triphenylphosphine from the carbony complex is smaller than kr, the rate constant 
for triphenylphosphine liberation horn the dinitrogen complex This is reasonable 
because the carbonyl ligand, being a better z-acceptor than dinitrogeu, will make the 
liberation of triphenylphosphine more diflicult ifit is acting mainly as a u Lewis base. 

Fig 9 also shows the similar trend of the deviation from linearity to the case 
with (I) in the absence of added txiphenylphosphine, and a similar discussion may be 
applied here. The smaller deviation from the linearity in Fig 9 as compared with Fig 6 
may be taken as the indirect evidence to show that the triphenylphosphine ligand is 
dissociated to a smaller extent from (II) than from (I) in the low concentration range of 
the added triphenylphosphine. 

The difference in the catalytic activities between the dinitrogen and the carbonyl 
complexes may bc related with the difference in the Lewis basicities or to the difference 
in the energy levels of the d-orbitals ofthe two complexes. If back-donation from cobalt 
to the olefii is the dominant factor in determining the strength of the interaction be- 
tween cobalt and the olefin, the stronger interaction is expected between the more basic 
complex and the electronegative olefin, i.e. between the cobalt complex with higher d- 
orbitals and the olelin, and the stronger interaction between the cobalt and the ole6n 
is anticipated to lead to the more enhanced activation of the olefin This accounts for 
the fact that only a limited number of electronegative olefins can be polymer&d by 
the carbonyl complex which can be regarded as less basic than the dinitrogen complex. 
That the carbonyl complex shows the charge-transfer hand at shorter wavelength than 
the dinitrogen complex suggests the lower d-orbitals of the carbonyl complex as 
previously discussed. 

In conclusion, the essential features of the kinetics resemble those of the reac- 
tions of dialkylbis(dipyridyl)iron(II) complex with olefinsZb and also those of dihy- 
dridotetrakis(triphenylphosphiue)ruthenium(II)’- The common features of the 
reactions of these reactions may be suxnmarixed as follows: (9 Partial dissociation of 
the ligands from the complex; (ii). coordination of the olelin to the vacant site which 
thus becomes available; (iii). activation of the coordinated olelin and of the metal- 
carbon or metal-hydrogen bond, (iu). lission of the metal+zarbon or metal-hydrogen 
bond accompanied in some cases by insertion of the olefiu The presen t results de- 

monstrate clearly how the nature oftbe ligands can modify the activity and the catalytic 
reactivities of the transition metal complexes. 

MPliIUMENrAL SECTION 

I. Materials 
CoWW (P%L and CoH(C0) (PPh,), were prepared u&ng the methods 

described in our previous papera. Solvents and liquid ole6ns were dehydrated, distilled 
and stored under nitrogen before use. _ 

II. Reactiom of CoH(C0) (PPl& with ~lej%~.~’ and isolations of olefm-coordinated 
cobalt complexes 

Reactions of CoH(N,)(PPh,), have been reported separate19 and the reac- 
tions of CoH(C0) (PPh,), with olelins are here described 
(1). Tetrucyanoethylene (TCNE).Amixture of 1 lOmg(0.13 mmol) of CoH(C0) (PPh,), 
and 150 mg of TCNE (1Jg mmol) in 10 ml of toluene was allowed to react for 1 day. 
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at room temperature. No evolution of gas was observed The light brown complex 
formed was filtered and washed several times with hexanc and dried under vacuum 
Yield 30 %. IR (KBr): v(eN), 2220 and 2150 cm-l ; v(Co-H), 2000 cm-l; ~(-0). 
1950 cm-‘. (Found: C 682; H, 42; N, 11.7; C,,H,,CoN,OP, calcd: C, 67.7; H, 
3.6; N 129%) 

(2). Acrylumide (Acam). A mixture of 200 mg (O& mmol) of CoH(CO)(PPh,), 
and 60 mg (0.85 mmol) of acrylamide in 15 ml of toluene was stirred for 2 days at 
room temperature. No gas was evolved The blue precipitate obtained was filtered and 
washedrepeatedlywithhexane,anddriedundervacuum Fromthehltrateandwashing 
0.64 mm01 of triphenylphosphine was recovered. The yield of the blue complex as 

CoJWO) (A-1, was 40 yrn IR(KBr): v(N-H), 3310 and 3200 cm-‘; v(Co-H), 
1970 cm-’ ; v(C-0), 1950 cm-‘; v(C=C), 1645 cm-’ ; v(C=O) of amide, 156CL70 
cm-‘. (Found: C, 51.5; H, 6.3; N, 14.1. C1,,H16CoN304 c&d.: C, 522; H, 7.0; N, 
14.0 %.) 

(3). Viny1 acetate (Vat). Vinyl acetate (5.0 ml, 47 mmol) was introduced to 
120 mg (0.14 mmol) of CoH(C0) (PPh,), with a trap-to-trap distillation. The mixture 
was stirred for 6 days at room temperature and a light pink complex was precipitated. 
No gas was evolved and PPhX was released quantitatively. The light pink complex was 
altered and washed repeatedly with hexane, and dried under vacukn. The yield of the 
light pink complex as CoH(CO)(Vac), is 70 %. IR (KBr): v(Co-H) 1950 cm-‘; 
v(ck0) 1740 cm-l; v(C=O) of acetate 155&70 cm-‘. (Found: C, 40.0; H, 4.3. C,- 
H,,CoO, calcd: C 412; H, 5.0X.) 

(4). Polymeriztation of acryl&itrile, styrene and isobutyl uinyl ether. These 

olefins were polymerized with CoH(CO)(PPh,), at room temperature. No gas was 
evolved in the polymerization. 

III. Spectral measurements 

The idared spctw were recorded with a Hitachi Model EPI-G3. The visible 
and ultraviolet spectra were measured by a Shimazu type SV-SOA spectrometer. The 
complexes and solvents were transferred to the cell under nitrogen and oleGns were 
added by using a syringe When necessary, the temperature was controlled witbin 
OJ” by circulating water of a constant temperature around the oell. 3 ‘P NMR spectra 
of CoH(N,) (PPh,h and PPh, in toluese (ca 10 w/v %) were obtained with a JEOL 
PS-100 spectrometer at 40 MHz using a hetero spin-decoupling technique. The 
spectrum at room temperature was time-averaged by employment of JEOL EC-5 
computer but this procedure was uncessary for the low temperature spectra for 
the sharpness of the signals. 
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