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Summary

The 'H, 3'P and '3C NMR spectra of cis-dialkyl(acetylacetonato)bis(tertiary
phosphine)cobalt(III) complexes were obtained in several solvents. These com-
plexes have an octahedral configuration with trans tertiary phosphine ligands.
The coordinated tertiary phosphine ligands are partly dissociated in solution.
One of the phosphine ligands in CoR.(acac)(PR;'), can be readily displaced with
pyridine bases to give pyridine-coordinated complexes. From observation of the
'H and 3P NMR spectra several kinetic and thermodynamic data for exchange
reactions and displacement reactions of tertiary phosphines were obtained.

Introduction

In previous papers we have reported the preparation and a brief description of
NMR spectra of a series of cis-dialkyl(acetylacetonato)bis(tertiary phosphine)-
cobalt(Ill) complexes (I—1IV).

Colacac); + AIRL(OE1) + PR3

. (I) R = Me, PR} = PEty

CHs PR3 ;
(Ta)R = Me, PRy = PPhMe,

==X T (Ib)R = Et, PRy = PPhMe,

HC ¢ ! Co 1 (Oc)R = n-Pr,PR, = PPhMe
\\\\‘,I/l\’r . E-!_ 2
C——0O0--~-——R (Id)R = i~Bu,PR = PPhMe,
CH/3 | ) (IDR = Me, PRy = PPh,Me
PR3 (W) R = Me, PRy = P(n-Bu)y

Since most of these alkylcobalt complexes are thermally stable, insensitive to air,
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, and soluble in many orgamc solvents they provrde a rather rare opportumty,
: ’among usually unstable alkyltransmon metal complexes, for studymg the be- ’i :
- havior of these complexea in solution. Information regardlng the partlal dlssocm-
tion of these coordmatlvely saturated complexes in solution, whlch ‘would pro-
- vide a vacant site in a decomposition pathway, is desirable for understanding the
mechanism of thermolysis of these alkyltransition- metal’ complexes. This sub- -
ject will be discussed in a later paper [1c]. The importance of partial dlssoc1atlon

of the hgand from a coordinatively saturated complex which provides a coordi-
 nation site for a substrate to be activated, has been demonstrated in various tran-
sition metal-catalyzed reactions of olefins {2,3].

Results and discussion

General -

The NMR spectra of the dlalkylcobalt complexes I—IV are compatible with
the octahedral structure with two cobalt-bonded alkyl groups and an acetyl-
acetonato ligand coplanar with cobalt which also is coordinated with two terti-
ary phosphine ligands in mutually trens positions. Figure 1 shows representative
spectra of Co(CHj;).(acac)(PPhMe,), (I1a) in toluene at two temperatures. The
methyl groups bonded to cobalt appear as a triplet below 35°C due to coupling
with two phosphine ligands in frans p7051t10ns (*J(P—H) 8 Hz) at 7 10.16 ppm.
The other complexes show similar *J(P—H) values of 4—8 Hz as observed in vari-
ous methyltransition metal complexes having tertiary phosphines at cis positions
from the methyl group [4]. With an increase in temperature the triplet collapses
to a broad singlet indicating dissociation of the phosphine ligands from the com-
plex. The methyl resonance of the PPhMe, ligands in Ila appears as a triplet by
virtual coupling with two phosphorus nuclei in mutually #rens positions with an
apparent coupling constant of 8 Hz (half of the separation between outer lines
of the triplet [5]), although the spectrum is somewhat obscured by the methyl
resonance of the acetylacetonato ligand. The triplet also collapses to a singlet on
raising the temperature. Similar changes of the NMR spectra of methyltransition
metal complexes involving dissociation of tertiary phosphine ligands on variation
of temperature have been observed [4d—4h].

Figure 2 shows the 'H, *'P and !3C spectra of the ethyl complex IIb. The
methyl—proton-resonance of the PPhMe, ligands appears as a triplet at a higher
field than that of the corresponding methyl complex Ila and is clearly separated
from the CH; resonance of the acetylacetonato ligand. The shift to higher field .
may be caused by an increase of the electron density on cobalt by substitution
of the methyl groups by more electron-releasing ethyl groups. A similar shift
was observed with the resonance of the acac ligand; the methyl resonance of the
acac ligand in IIb is shifted to higher field than that of IIa but the effect is smaller
than for the PPhMe; ligands which are directly bonded to cobalt. The IH, res-
onance of the cobalt-bonded ethyl groups is observed as a somewhat broadened
singlet. This is considered to be due to the coincidence of chemical shifts of the
methyl and methylene protons in the ethyl groups. The splitting due to the phos-
phine ligands may be included in the width of the signal. In order to cowflrm the '
coincidence of the proton chemical shifts of the methyl and methylene grf\ups
13¢ NMR of IIb ina mlxture of CsHsBr and- C5D5 ‘was observed at —-90°C a.nd i



103

PPhMe,
(:Pf3 :
c—o-----CH @

HC/ CO 3 (gcac)
SR\ /l\, 100 MHz

/C 0= _—-CHB toluene-dg

CHy- PPhMe,

CH(acac)

‘ toluene

.

CH(acac)
1 t i ] 1 ] } 1]
3 4 5 6 7 8 9 10 %

Fig. 1. ' H NMR spectra of Co(CH3)2(acac)(PPhMe3 )2 (IIa) in toluene at two temperature, 20 and 50°C.

compared with those of Co(CHj;).(acac)(PPhMe,), and Ni(C,Hs)(acac)(PPhs;)

[6]. The '3C NMR spectrum of IIb shows that the methyl and methylene car-
bon signals of the ethyl groups appear separately at 16.3 and —4.3 ppm (referred
to TMS, downfield positive), respectively. The methylene resonance is observed
as a broad singlet at higher field than the methyl resonance because of the
shielding effect of cobalt. The broadening may be caused by couplings with phos-
phorus nuclei and possibly with the Co nucleus (I = 7/2), which also could con-
‘tribute to broadening of the spectrum though quadrupole relaxation. The assign-
ments of other resonances are included in Fig. 2b and Table 1, which also in-
cludes the resonances of Ila and NiEt(acac)(PPhs) [6]. The '*C NMR signal of
the methyl groups in PPhMe, ligands are observed as a triplet due to virtual
coupling (apparent coupling constant 9.2 Hz). In order to further substantiate
the assignments, an off-resonance spectrum of IIb was recorded (Fig. 2c). The
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Fig. 2. 1H, 31 P and 13C spectra of ethylcobalt complex IIb in toluene a: ! H (—20°C) and 31 P spectra
(—70°C) (the chemical shifts of the reference PPh3 and of the free PPhMe3 ligand are indicated in the
upper part of figure): b: }3C—{1H } spectrum (—20°C); c: 1 3C off resonance.

peaks in Fig. 2c show the expected splittings or the absence of splitting. The
singlet of the methyl group at 16.3 ppm splits to a quartet, whereas the broad
singlet of the cobalt-bonded methylene group at —4.3 ppm splits to a complex
multiplet. The complex splitting may be due to couplings with protons and phos-
phorus. The multinlet may also contain the contribution of a coupling with Co -
(I = 7/2) and may be effected by the quadrupole relaxation. These results reveal
that the somewhat broad singlet of the cobalt-bonded ethyl groups in the 'H
NMR spectrum of IIb is clearly due to the very small difference between the
chemical shifts of the methyl and methylene groups. It is also noted that the
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TABLE 1- '
i3¢ CHEMICAL SHIFTS (5.ppm) OF CoR3(acac)(PPhMez); (1) AND NiEt(acac)(PPh3)

Co(CaHs)a(acac)(PPhMe3)> %  Co(CH3z)a(acac)(PPhMes)s @ Ni(CaHs)(acac)(PPh3) b

C=O0(acac) 186.4 : 186.4 186.3
C—H(acac) 98.8 ’ 98.9 99.9
—CH3(acac) 28.0 R 27.8 27.4
—R(Co—R) (CH3) 16.3 26.8

© (CH2) —a.3 c 13.9
—CH3(PPhMej) 9.3td 8.7td 6.8

a fn CgHsBr/CgDe. at —20° C. TMS standard. b Ref. 6b. € No signal was observed because of broadening
due to quadrupole relaxation by cobalt and coupling with tertiary phosphine ligands and possibly cobalt
metal (I = 7/2). d t, triplet, other signals are all singlets,

methylene signal in the '3C NMR spectrum of IIb appears at-a considerably higher
field than that in Ni(C,Hs)(acac)(PPh;), presumably reflecting higher electron
density on cobalt in IIb owing to the coordination of more-electron-releasing
PPhMe, ligands in IIb than in Ni(C.H;)(acac)(PPh;), having more electron-accept-
ing ligand, PPh,.

Figure 2 also includes the *'P—{H} NMR of IIb at —70°C. The spectrum
shows a somewhat broadened singlet of the coordinated phosphine ligand sug-
gesting that minor dissociation of the phosphine ligand and exchange of the
liberated phosphine with the coordinated one is taking place at the temperature.

The 'H NMR spectrum of the propyl complex IIc also shows the cobalt-
bonded methylene resonance at higher field (7 9.64 ppm) than the 8-methylene
and y-methyl groups which are observed at 7 8.84 ppm as a singlet.

For further examining the effect of the tertiary phosphine ligands on the shape
of the *H NMR signal of the cobalt-bonded ethyl groups, the 'H NMR spectrum
of a specifically deuterated complex Co(CH,CD;)(acac)(PPhMe,), [1a,c] was ob-
served. It clearly shows a triplet (3J(P—H) 10 Hz) at —20°C in toluene due to
coupling with two phosphorus nuclei. The somewhat broad singlet observed in
the '"H NMR spectrum of the non-deuterated ethyl groups may have arisen as the
overlap of the triplet with the resonances of the methyl and methylene groups,
the chemical shifts of which are very close to each other but not exactly coinci-
dental.

Dissociation of tertiary phosphine ligands from the alkylcobalt complexes

As demonstrated by the change of the !H NMR spectrum on variation of tem-
perature as shown in Fig. 1, the coordinated tertiary phosphine ligands are liber-
ated into solution as expressed by eq. 1.

‘ k
CoR,(acac)(PR3'); + Sr"——l‘ CoR,(acac)(PR;') - S + PR’ 1)
S §

S = solvent

The collapse of the triplet NMR signal of the cobalt bonded-methyl groups
-on temperature increase to a singlet and reappearance of the triplet on addition
of an excess amount of the phosphine ligands support the assumption of the



equlhbnurn The coalescence temperature of the methyl complexes'havmg dif=
ferent phosphme ligands' (complexes I, 1la, and- Iv): decreases in:the order of ‘" -

PPhMe, (85°C) > PEt; {10°Cy > P-n-Bujs (5°C). The order suggests that tne dis< <
sociation takes place more easﬂy when the complex contams more basic hgands.

The presence of the equrhbnum as represented by eq. 1 can be observed more',

directly by means of *'P NMR spectroscopy. Figure 8 shows the *'P: ‘NMR spec-
-tra of the PEt3-coord1nated complex I observed in CH,CI, at various tempera-»
tures in the presence and absence of PEt;. In the absence of PEt;, a somewhat
broad smglet of the coordinated PEt; ligands is observed at 26 ppm downfleld

" from the external reference of triphenylphosphine (in toluene) at —80°C. On"
raising the temperature the singleét becomes broader and shifts to higher field
simultaneously. The broadness of the singlet at —80° C suggests that the complex’
is slightly dissociated even at —80° C and a slow exchange reaction between the

PRh, ref. ' PP:E ref.
+35° +20°
~10
23.9
~ ‘/\/\ —/"—\_-_
- a0° - 40°
«— ——— >
34.2 ’ N 23.4
«—28-5
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39.9 24.4
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)
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Fig. 3. 31p NMR spectra of Co(CH3)2(acac)(PEt3)2 in the presence (A) and absence (B) of PEt3 in -,: )
CH3Cl;. .
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B coordmated and hberated phosphme hgands is takmg place. In the presence of
-about-an equlmolar amount of the.added phosphine, two broad singlets of an
area ratio of 2 : 1 are observed at 26 and —15.3. ppm referred to the external
standard of tnphenylphosphme ‘the former SIgnal is due to the coordinated
PEt3 and the chemical shift of the latter is ‘the same with that of free PEt;. On
raising the temperature the two resonances approach each other with simulta-
neous broadening. A v1»sualvmspect10n of the shapes of the resonances in the
presence and absence of PEt; suggests that addition of triethylphosphine to the
system does not markedly affect the exchange rate between the coordinated and
free ligands.

Approximate rate constants for the liberation of the coordinated PPhMe, .
from Ila or IIb in the absence of PPhMe, were estimated by measuring the half
widths of the 3'P NMR signals; the rate constant for Ila and IIb were estimated
as 10 £ 3 kcal/mol and 8 + 3 keal/mol, respectively.

From observation of the *'P mean chemical shift value of the exchange sys-
tem in the absence of a phosphine one can estimate the equilibrium constant K
for eq. 1 if each chemical shift value of CoR,(acac)(PR3'), and CoR(acac)-
(PR,'), - S is known. Thus we estimated the equilibrium constants for equi-
librium 2 at various temperatures and obtained thermodynamic parameters (see
Experimental for details and required assumptions).

CoEt,(acac)(PPhMe,), + S = CoEt,(acac)(PPhMe,) + S + PPhMe, (2)

Table 2 shows the equilibrium constants K evaluated at various temperatures
and thermodynamic parameters for equilibrium 2. An illustration of the degree
of dissociation of IIb in toluene is given by the following; with a K value of
9.6 X 10 at 15°C and at a concentration of 0.10 M 24 + 2% of IIb is dissoci-
ated.

Displacement of the tertiary phosphme ligands by pyridine bases from the alkyl-
cobalt complexes

_As we have previously observed [1], the tertiary phosphine ligands in the al-
kylcobalt complexes I—IV can be displaced readily by pyridine and its analogs.

TABLE 2
EQUILIBRIUM CONSTANTS AND THERMODYNAMIC PARAMETERS FOR THE REACTION:

. - K
CoEta(acac)(PPhMe3 )3 + toluene == CoEt2(acac)(PPhMe2) - S + PPhMe
Temperature (°C) 103/T 104 K@
—72° 4.98 0.46
—54 i 4.57 1.02
—a8 . : 4.44 - 1.25
—35. . . 4.20 1.99
‘K288 . : A H® (kcal/mol) ' AG° (kcal/mol) AS° (e.u.)
96X 104 . 42:03 ' " s0:o02 o:2

@ Solvent, toluene; [IIb}, 0.10 mol/l.
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More basic tertlary phosphines such as PEt3 and P—n-Bu3 can be dlsplaced more
readily by pyridine bases such as pyridine (py), ~-picoline: ('y-plc) and 2,2'-bi-
pyridine (bipy). Alkylcobalt complexes containing less basic phosphmes such as
PPhMe, are less prone to such facile displacement. In the cases of trialkylphos-
phine-coordinated alkylcobalt complexes part or all of the tertlary phosphines
are displaced by pyridines and alkylcobalt complexes containing pyndme bases
such as CoMe,(acac)(PEt;)(py) (Va), CoMe,(acac)(PEt;)(y-pic) (Vb); and CoMe,-
(acac)(bipy) (VI) were actually isolated. Failure to isolate «- and f-picoline-coor-
dinated complexes indicate that steric effects are important equilibrium 3.

PR, PR5
/O——{» ————— R /O——" ————— 7
7 \Co/ L K )/ \CO/’, + or! 3)
/ 4 py —— U / 3
LN /F
PRy Py

The above equilibrium can be conveniently monitored by means of 'H and *'P
NMR spectroscopy. On displacement of one of the two tertiary phosphines by
pyridine part of the triplet 'H NMR signal of the cobalt-bonded methyl groups
is converted to a doublet, depending on the temperature and the kind of tertiary
phosphine. Figure 4A demonstrates the typical change of the cobalt-bonded
methyl resonance observed in pyridine at various temperatures. It can be seen
that the doublet due to cobalt-bonded methyl groups in CoMe,(acac)(PPhMe,)-
(py) increases in its integrated peak area in proportion to the corresponding de-
crease of the triplet due to CoMe,(acac)(PPhMe;), on raising the temperature. A
similar spectral change can be seen in Fig. 4B and 4C which illustrate the change
of the cobalt-bonded alkyl resonances of CoEt,(acac)(PPhMe,), (I1Ib) and Co-n-
Pr,(acac)(PPhMe,), (Il¢) in pyridine on raising the temperature. The signal of the
ethyl groups of ITb appears as a singlet at —35°C in pyridine as well as in toluene,
but a broad singlet which may be assigned to the methyl groups of the ethyl
groups in CoEt,(acac)(PPhMe,)(py) (IIb') develops on increasing the temperature
to —20°C. The signal of the methylene protons in IIb is observed at 7 8.7 ppm,
being obscured on the slope of the methyl resonance of PPhMe,. Further in-
crease of the temperature causes overlapping of the broad methyl and ethyl
singlets due to complex IIb to a broad singlet at —5°C. Finally at 10°C the ethyl
signal of ITb completely vanishes and a triplet at 7 9.2 ppm (3J(P—H) 7 Hz)
which may be due to the methyl protons of the ethyl groups in CoEt,(acac)-
(PPhMe;)(py) (IIb') dominates (not shown in Fig. 4B). The signal of n-propyl
groups of Iic are observed at 7 ca. 8.5—9.3 ppm, being overlapped with PPhMe,
ligands. The methy! resonances of the acac ligand of IlIc in pyridine appear as
two singlets at 7 8.42 and 8.54 ppm. The singlet at 7 8.42 ppm which may be as-
signed to the methyl groups of the acac ligand in Co-n-Pr,(acac)(PPhMe,)(py)
(IIc’) develops on increasing the temperature (Fig. 4C). The spectral change is
intriguing in several aspects: (1) It suggests the presence of the equilibrium as. -
shown in eq. 3; (2) since the chemical shift difference between the methyl and
methylene groups reflects the electronegatlmty of the entlty bonded with the
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Fig. 4. | H NMR spectra of CoR3(acac)(PPhMe3); in pyridine. A: Co(CH3z)3(acac)(PPhMes )3, B:
Co(C2Hs)z(acac)(PPhMej3)2: C: Co(CzH7)(acac)(PPhMe3),.

ethyl group [7], the separation of the methyl (7 9.2 ppm) and methylene (7 8.7
ppm) resonances in IIb’ from the singlet ethyl signal in IIb on displacement of
one of the PPhMe, ligand in IIb by pyridine suggests that the electronegativity
of the entity bonded with the ethyl groups was increased by coordination with
pyridine. This fact implies that pyridine is in fact playing the role of a 7-acid as
compared with PPhMe, in eq. 3 (vide infra); (3) as the difference between Fig.
4A, 4B and 4C shows, the cobalt-bonded alkyl groups exert a marked effect on
the equilibria of pyridine displacement reactions. Displacement by pyridine is
much more favored in the propylcobalt complex than in the methylcobalt com-
plex.

From the peak areas of the cobalt-bonded alkyl groups or the CHj(acac)
groups in CoR.(acac)(PPhMe,), and CoR..(acac)(PPhMe,)(py) as shown in Fig. 4

we have calculated the equilibrium constants:

_ [CoR(acac)(PPhMe,)(py)][PPhMe;]
~ [CoRy(acac)(PPhMe;),][py]

for a series of dialkylcobalt complexes and plotted the In K values vs. the recip-
rocal temperatures in Fig. 5. The equilibrium constants and thermodynamic
parameters are summarized in Table 3. It can be seen from Table 3 that increase
in the alkyl chain length makes the enthalpy change for the displacement. of
PPhMe, by pyridine in eq. 3 more favorable but the effect is compensated by
the entropy change. For illustration of the degree of dissociation of IIb in
pyridine the K value of 0.018 at 15°C as derived by extrapolation of the.K values
at lower temperatures with the concentration of 0.11 M means that 70 + 2% of
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IIb is dissociated in pyridine whereas the degrees of dissociation of IIa and Ilc in
pyridine at the same temperature are 45+ 2% and 78 * 2%, respectively.

We examined further the 'H NMR spectra of the isolated alkylcobalt com-
plexes containing pyridine bases in toluene and CD,Cl,. Table 4 summarizes the
NMR data. The pyridine-coordinated complex Va and the ~y-picoline-coordinated
complex Vb show spectra which can be accounted for by assuming a configura-
tion having the cis-dimethyl groups and an acetylacetonato ligand coplanar with
cobalt. The PEt; and pyridine or «y-picoline groups are positioned trans to each
other above and below this plane. The cobalt-bonded methyl groups give rise to
a doublet due to coupling with a PEt; ligand and the methyl groups in the acetyl-
acetonato ligand are equivalent *. It is to be noted that the a-protons in the co-

TABLE 3
THERMODYNAMIC PARAMETERS FOR

K
CoR3z(acac)(PPhMej )2 + Pyridines=CoR3(acac)(PPhMe2)(py) + PPhMe3
R 103 K63 AH® aAG® ’ ase
(kcal/mol) (kecal/mol) (e.u.)
CHj3 4.5 5.5 . 2.8 10.3-
C2Hs - 8.4 . 4.6 2.5 80 -
C3H7 = 4.0 ' 4.1 2,9 ) ’ 4.6

* In the foregomg discussion concerning the NMR spectra of the dlalkyl(acetylacetonato)b!s(tert:ary .
phosphme)cobalt(lll) complexes I—IV the structure of cts-dxalkyl(acetylacetonato)-trans-bls-
(tertiary phosphme)cobalt has been assumed as a conﬁgurat:on compatible with the NMR spectra.

A referee pointed out that a conifi; iguration of trans-dxalkylbxs-cts-(tenxary phosplune)cobalt also is .
compatible with the NMR spectra. However, the NMR spectra of the pyridine- and ‘y-pxcohne-coor-
dinated complexes Va and Vb obtained by displacement of one. temary phosphine hgand from]I .
are consistent with the cis-dialkyl structure and not compatible with the trans-dxalkyl structuze.

. Furthermore, the NMR spectra of the pyndxn(.h and ‘y-pxcolme—coordxnated complexes Va and Vb

~ are reverted to that of I by addition of excess PEt3 thhout any apprecxable change in the CH3(acac)_
signal. Hence it seems more rea.sonable to aslgn ‘the cts-dxalkyl stmctuxe a.lso to the startmg bxs-

. (tenxa.ry phosphme) complexes —Iv. - | . B o
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ordinated pyridine and 'y-plcohne groups are very much deshlelded -

In the bipyridine-coordinated dimethylcobalt complex both cobalt-bonded- .
CH; and acac-CHj groups are observed as non- equlvalent smglets supportmg the -
cis-configuration VI shown below:

(c)

D, ‘_8\0 CcH, CH,
3 R(b) Y—Y = acac ligand
o]

. @]
\CO// TN — biny

{(ViIg) R = Me
(1) (VIb) R = Et

The bipy-coordinated ethyl complex shows two sets of resonances due to the
CH; and CH, groups bonded to cobalt as clearly separated triplets and quartets.
The chemical shift differences between CH; and CH, groups in two sets are fair-
ly large indicating the net electron-accepting property of the bipyridine ligand
as a m-acid. Since the dimethylcobalt and diethylcobalt complexes show two
methyl and two sets of ethy! resonances, a question remains concerning the as-
signments of these resonances in the configuration of VI. Although no direct
evidence is available, it seems likely that the signal of the methyl groups in trans
position from one of the oxygens of the acetylacetonato ligand will appear at
the approximately same field as in the pyridine-coordinated complex Vain
which the methyl groups are situated at trans positions from oxygen atoms of
the acetylacetonato ligand. The other methyl resonance observed at consider-
ably lower field in the spectrum of VIa is then ascribed to the methyl group in
the frans position from the nitrogen of the bipyridine ligand. The two sets of
the ethyl resonances are assigned in a similar manner. The assignment is con-
sistent with our assumption of regarding pyridine analogs as m-acids. Extension
of the similar argument leads to a tentative assignment of the lower field methyl
signal of the acac ligand to CH;®) and the higher one to CH;3?) as labelled in
structure V1. Table 5 shows the chemical shift difference:s between resonances
of the CH; and CH, groups in complexes IIb, IIb' and VIb. The difference be-
tween 7(CH;) and 7(CH,) in the spectra of these complexes increases upon re-
placement of the phosphine ligands in IIb by pyridine or bipyridine. The latter
exerts the more pronounced effect particularly when it is at the frans position
to the ethyl group. This result suggests that the m-acidity of the ligands increases
in the order of PPhMe, < pyridine < bipyridine (vide supra).

We now consider the exchange of the coordinated pyridine in CoMe,(acac)-
(PEt;){(py) (Va) with free pyridine. Table 6 shows the temperature dependence
of the 'H NMR spectrum of Va in toluene. The spectrum at —40° C shows a
doublet at r 9.26 ppm which is assigned to the cobalt-bonded methyl groups
coupled with the PEt; ligand, and «-, 3- and y-protons of the coordinated pyr- .
idine at 7 1.22, 3.50 and 3.25 ppm, respectively. The fact that the a-protons ap-
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-TABLE 5
CHEMICAL SHIFT DIFFERENCES BETWEEN 7(CH3) AND 7(CH32)

Complex : ' Solvent Chemical shift A(CH3—CH>)
CH» CH3

Co(Ca2Hjs)a(acac)(PPhMes )2 pyridine 9.50s 9.50s ~0

(iIb)

Co(C2Hsg)a(acac)(PPhMe2)(py) pyridine 8.70m 9.34t 0.64

(I1b") ‘ .

Co(Ca2Hs )z acac)(bipy) CD>Cla 8.85q 10.20t 1.35 ‘;

(Vib) 7.55q 9.27t 1.75

a.b For assigi.ments, see structure formula of VI on foregoing page.

pear at a particularly low field is noticeable. On raising the temperature the
doublet of the cobalt-bonded methyl groups collapses to a singlet at 20°C due
to dissociation of PEt; as we already discussed. The signals of the coordinated
pyridines show a peculiar behavior. The signal due to a-protons shifts markedly
to lower field, whereas those due to 8- and y-protons shift slightly to opposite
directions. The results seem to indicate that exchange of the coordinated pyri-
dine also is taking place.

For further clarifying the exchange of the coordinated pyridine we examined
the temperature change of the y-picoline-coordinated complex Vb in ioluene in
the presence of an excess amount of pyridine as shown in Fig. 6. The spectrum
at —40° C shows peaks due to the picoline-coordinated complex as marked with
small arrows in Fig. 6. On raising the temperature to 0°C the peaks of the coor-
dinated pyridine and y-picoline groups coalesce indicating that the coordinated
v-picoline exchanges rapidly with pyridine at 0° C where the exchange of the
phosphine ligand is slow. When the dimethylcobalt complex I having two PEt;
ligands is dissolved in pyridine the proton NMR spectrum shows a doublet due
to the cobalt-bonded methyl group coupled with one PEt; ligand —30°C indi-
cating the presence of equilibrium 3. The doublet collapses to a singlet upon
raising the temperature above 40°C and becomes a sharp singlet at 7 9.46 ppm
at 60°C. On further increase of the temperature of the pyridine solution con-
taining I to 70°C the singlet due to the cobalt-bonded methyl groups starts to

TABLE 6

THE TEMPERATURE DEPENDENCE OF THE CHEMICAL SHIFTS ¢ OF Co(CH3)2(acacPEt3)(py)
(Va) IN TOLUENE

Temperature CH3—Co acace pyridine
co
CH3(6H) CH(1H) «-H(ZH) B-H(2H) v-H(1H)
40 9.47s 8.24s 5.08s 0.15br 3.26t 3.49t
20 9.44br. s 8.23s 5.08s 0.70br 3.36br. s
o 9.364 8.20s 5.08s 1.30br 3.38br.m
—20 9.30d4 8.18s 5.08s 1.28br. d 3.49t 3.25t
—40 . 9.264 8.16s 5.08s 1.224 3.50t 3.25¢

a Abbreviations: s, singlet: d, doublet; t, triplet; br. s, broad singlet; br. m, broad multiplet.
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CHfacaq) _ :

T T T T T T T

1 2 3 4 8 9 10
T

Fig. 6. ! H NMR spectra of Co(CH3)2(acac)(PEt3)(y-pic) in toluene in the presence of pyridine.
(Peaks with a small arrow are due to Co(CH3 )2 (acac)(PEt3)(y-pic).

broaden again. This change is reversible and the doublet is restored on lowering
the temperature to 0°C. The reversible change between the doublet and the

singlet can be accounted for by assuming the presence of equilibrium 4 in addi-
tion to equilibrium 3. The broadening of the singlet on increase of the tempera-

PR3 Py
_._,_____R O....L _____
7 7
i ! \CL4I + py —/—/——= 9404 + PR3 (4)
r 7 / /
O/-—/——- \..Q, o _ }~—RI
Ry [33%

ture over 70°C may be associated with some configurational change of the bis-
pyridine coordinated complex but the precise reason is not clear. Attempts to.
isolate a bis-pyridine-coordinated complex failed, but a b1py—coord1nated com-
plex VI was obtained readily. '

We have neglected so far any discussion concermng the exchange of the acetyl-
acetonato ligand. The 'H methyl peak of the acac ligand in all alkylcobalt com- -
plexes I—V is observed as a sharp singlet, whose width does not. vary over a wide
temperature range (—78 to 20°C). Although it is not likely that the acac ligand .
is exchanging on NMR time scale, the p0551b111ty that the methyl groups in the.-
acac ligand are rapidly excharnging even at low :temperatures cannot be excluded.
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' The observatlon of the’ methyl groups in the acac hgand of VI as two sharp
‘singlets, ‘which do not ‘coalesce on raising the temperature, eliminates the pos-
51b1hty that a rapld exchange reaction is taking place, at least in the case of the
bxpyndme-coordmated complexes, and the exchange of the acac ligand in I—V

"as we observed in the related alkyl(acetylacetonato)(triphenylphosphine)nickel-
“(II) complexes is highly unlikely [6b,8]. It should be added further that the
latter complexes undergo a rapid disproportionation reaction giving Ni(acac),
and a PPhj-coordinated nickel(0) complex in pyridine presumably by a process
involving the partial dissociation of the bidentate acac ligand to a unidentate
form. On the other hand the present cobalt complexes have been found quite
stable in pyridine and its analogs.

Experimental

Materials

CoR(acac)(PR3'), was prepared according to our previous report [1b] and the
pyridine base-coordinated complexes were prepared by the reaction of CoR.-
(acac)(PR;'), with the bases. Deuterated solvents were used after purification by
usual methods.

Spectroscopic measurements

'H NMR spectra were recorded on a Japan Electron Optics Laboratory PS-
100 spectrometer. *'P and 3C NMR were obtained in the pulsed Fourier trans-
form mode at 40.50 and 25.15 MHz, respectively. The solvent was added to an
NMR tube containing dialkylcobalt complexes by trap-to-trap distillation in
vacuum, and the NMR tube was sealed. The temperature calibrations for the var-
lable temperature spectra were obtained with ethylene glycol standards and are
expected to be accurate to +2°. 'H and '3C NMR chemical shifts are referred to
internal TMS. When the signal of complexes are overlapped with TMS, 'H NMR
chemical shifts are referred to the internal protonic impurity in the deuterated
solvents. 3'P NMR signals are referred to external triphenylphosphine in toluene
(downfield positive).

In order to estimate the equilibrium constants and thermodynamic param-
eters for eq. 2 from the *'P NMR spectra, information about the 3'P limiting
spectra of CoEt,(acac)(PPhMe;). (IIb) and CoEt,(acac)(PPhMe,) - S is required.
If one assumes *'P chemical shift values of « for the undissociated species CoEt,-
(acac)(PPhMe,),, 3 for the solvent-coordinated species CoEt,(acac)(PPhMe,) - S
and 7 for the liberated PPhMe, in the following equilibrium:

CoEt,(acac)(PPhMe,), + S = CoEt,(acac)(PPhMe,) - S + PPhMe, (2)

and the number'of species: 1 — x, x and x, respectively, the chemical shift value
f of the partially dissociated and exchange system with a degree of dissociation
x can be expressed as weighted mean of the chemical shifts ¢, 3, and -y as:
f=2a(1—x)+6x+'rx '

21 —x)+x+x

where the number of the undissociated species is doubled since it contains two
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7 phosphorus atoms. The lumtmg chemlcal shlft values a, B, and 'y were estlmated
-as follows:

«: although the 31P NMR spectrum of IIb still shows some broadenmg even at
—T78°C and the limiting *'P NMR spectrum for CoEtz(acac)(PPhMez)z was not -
observable, we can safely assume that the limiting’ spectrum of IIbis in the range-
between 28.5 and 29.0 downfield front the external PPh; reference, _]udgmg from
the way of convergence of the spectrum as lowering the temperature g
~ The chemical shift of the dissociated species of IIb in toluene was not avail-
able and it was necessary to estimate it indirectly from the >'P chemical shift dif-
ference of CoMe,(acac)(PEt;), and CoMez(acac)(PEt3)(py) which showed 3'P '
signals of both undissociated and dissociated species at 27 and 38.4 ppm, the
difference being 11.4 ppm. On the assumption that the *'P chemical shift differ-
ence between the undissociated and dissociated species will be largest on replace-
ment of the phosphine by pyridine, we assessed that the *'P chemical shift differ-
ence between CoEt,(acac)(PPhMe,), and CoEt,(acac)(PPhMe,) - (toluene) will
be ca. 10 ppm. Thus the limiting 3'P chemical shift (8) of CoEt.(acac)(PPhMe,)-
(toluene) was estimated as ca. 39 ppm. Using these estimated limiting chemical
shift values for CoEt,(acac)(PPhMe,), (a, 29.0 ppm), CoEt,(acac)(PPhMe,)-
(toluene) (8, 39 ppm), and free PPhMe, (v, —42.5 ppm), the value of f may be
expressed as:

f= 2(1 —x)(29.0) + 39x — 42 5 x
2(1 —x) +x +x

which leads to the equation
x = (58 — 2f)/61.5
The degree of dissociation was calculated with this equation.
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