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Chemical and Absorption Spectral Properties of Their Mixed
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A large number of new unidentate tertiary phosphine-cobalt(III) complexes containing acetylacetonate ions
were prepared. The complexes are grouped into four types; (A) cis- and trans-[Co(acac)z(PRnPh3-n),]*, (B)
trans-[Co(acac)y(H;O)(PR#Phs—s)]*, (C) trans-{Co(acac),(L)(PMe,Ph)]**, and (D) trans-(P,P)-{Co(acac)(CN),-
(PR»Ph3-n),] (acac: acetylacetonate ion, R: CH3(Me), C,Hs(Et), n-C3Hy(Pr), i-C3Hy(Pr'), n-C4Hy(Bu), i-
C,Hy(Bu'), c-CgH,; (Cy), Ph: CgHs, L: NH3, CH3NH,, CsHsN(py), NCS™). The complexes of type A form cis and
trans isomers in a different ratio depending upon the bulkiness and basicity of a phosphine ligand, and the ratios
for the complexes with R=Me and Et were examined in some detail. The trans isomers of type A show a strong
absorption band in the d-d transition region, which is assumed to involve charge transfer transitions between the
cobalt(III) ion and a phosphine ligand, while the cis isomers exhibit the first d-d band split into two components
with medium intensity. The complexes of type B show a distinct peak of the first d-d band, the energy shifts of
which were discussed in terms of the bulkiness and basicity of phosphine ligands. The complexes of types C and
D were prepared to compare the chemical and absorption spectral properties with those of complexes of types A
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and B.

It is well known that changing substituents on a
phosphorus donor atom has a marked influence on
physical and chemical properties of metal phosphine
complexes.? To our knowledge, however, little work
has been reported on Co™ complexes probably because
of the lack of suitable complexes. In a previous paper,?
we reported that a series of unidentate phosphine
ligands, P(CHs)«(CeHs)s—» (n=1,2,3) forms mixed Co™
complexes of the type, [Co(acac)z(phosphine)z ]+ (acac=
acetylacetonate ion). The complexes yielded cis and/
or trans isomers depending on the kind of phos-
phines, and large differences in electronic spectra were
observed among the complexes. In order to examine
more thoroughly such chemical and spectroscopic
properties of Co™-phosphine complexes, we have
prepared a large number of Co™ complexes contain-
ing many kinds of unidentate phosphine ligands. The
phosphines used in this study are PR,Phs_,(P) (R=
CHs(Me), CeHs(Et), n-CsH7(Pr), 1-CaH7(Pr?), n-C4Ho(Bu),
1-C4Ho(Bu?), c-C¢H11(Cy), Ph=CgHs), and the new (55)
and known (10)? complexes examined are grouped
into the following four types; cis- and/or trans-[Co-
(acac)2(P)2]*(26 complexes), trans-[Co(acac)z(H20)-
(P)I* (18 complexes), trans-[Co(acac)z(L)(PMezPh)]™+ (4
complexes with L=NHs, CH3NH;, CsHsN(py), or
NCS-), and trans(P,P)-[Co(acac)(CN)z(P)z2] (17 com-
plexes).

Experimental

The phosphine ligands were prepared according to the
literature methods,® and handled under an atmosphere of
nitrogen until they formed Co™ complexes. Absorption
and 'H NMR spectra were recorded on a Hitachi 323
spectrophotometer, and a Jeol JNM-PMX 60 spectrometer,
respectively.

Preparation of Complexes. 1) cis{{Co(acac)2(PRwPh3s—)2 J*

and trans-[Co(acac)o(H20 PR.Phs_.)]* (R=Et, Pr, Bu;n=1, 2,
3). These complexes were prepared by two methods a)
and b). a) A mixture of [Co(acac)s]® (2mmol), the phos-
phine ligand (4mmol), and active charcoal (ca. 0.1g) in eth-
anol-acetic acid (10:1, 60cm3) was stirred at room temper-
ature for 10h, and then filtered. The filtrate was diluted with
water-methanol (2:1, 3dm3), and the solution was applied on
a small column (¢2.7cmX3cm) of SP-Sephadex C-25. The
Sephadex charged with the product was placed on the top of a
column (¢2.7cmX130cm) of SP-Sephadex C-25. By elution
with 0.02mol/dm?3 NaCl the band separated into two bands.
The fraction of the first band, the color of which changing
from blue-violet to green during the elution, was collected
and concentrated to a small volume under reduced pressure.
To the concentrate was added NaPFg (or NaClO4). The
resulting green precipitate was filtered and dissolved in the
minimum amount of methanol-water (5:1). The solution
was filtered and allowed to stand at room temperature. Green
crystals of trans-[Co(acac)z(H20)(PR,Phs_,)]JPFs (or ClOy)
were slowly deposited with evaporation of the solvent,
filtered, and air dried. From the second red-brown band were
obtained red-brown crystals of cis-[Co(acac)z(PR»Phs_n)2]PFg
(or C104) by the same procedure as that for the first band. In
cases of the PPr3 and PPrsPh complexes, cis-[Co(acac)z(P)2]*
was eluted faster than trans-[Co(acac)2(H20)(P)]J* was. The
combined yield of trans-[Co(acac)z(H20)(PR,Phs_s)]* and
cis-[Co(acac)z(PR.Phs_n)2]* was 30—60%, and the ratio of the
former to the latter increased as the number of phenyl groups
of the phosphine ligand increases.

b) [Co(acac)2(H20)2]® (2mmol) and the phosphine ligand
(4.1 mmol) were dissolved in a mixture of ethanol (80cm3) and
acetic acid (1 cm3), and then PbO2 (2.1 mmol) was added to the
solution. The mixture was stirred for 2h, and then active
charcoal (ca. 0.1 g) was added. Stirring was continued for 10h.
The resulting solution was filtered, and the filtrate was
diluted with water-methanol (2:1, 2dm3). The solution was
subjected to column chromatography and the complexes were
isolated by the same way as that described in a). The yield was
60—80% and better than that by method a). In particular, the
yields of the PRPh; complexes increased markedly.
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2) trans-[Co(acac)z(H20 )(PRyPhs_n)]* (PR.Phs_n=PPhs,
PPPPh, PPriPh, PBu'Phs, PBuiPh, PBuj, and PCys). These
complexes were prepared by a method similar to method
b). [Co(acac)z(H20)z2] (2mmol) and the phosphine ligand
(2mmol) were dissolved in a mixture of ethanol (60cm3)
and acetic acid (1cm3). To the solution was added PbO;
(2.1mmol), and the mixture was stirred for 2h, and then
filtered. The filtrate was diluted with water (1dm3), and the
solution was applied on a column (¢3cmX30cm) of SP-
Sephadex C-25. The column was eluted with 0.05mol/dm3
NaCl, and a green fraction was collected. To the fraction was
added NaPFg or NaClO4 until a precipitate appears, and then
the solution was allowed to stand at room temperature. Green
crystals of trans-[Co(acac)z(HzO)(PR,Phs_,)JPFgor Cl1O4 were
filtered, washed with a small amount of cold water, and
air dried. The yield was 50—80%. The complexes decompose
slowly in aqueous solution. No cis-[Co(acac)z(PR,Phs_y)2]*
was formed even though the reaction was carried out in the
presence of two molar quantity of the phosphine and active
charcoal.

3) wans-[Co(acac)e(PRnPhs_)2 J* (R=Et, Pr, Bu;n=0, 1, 2, 3)
and trans-{Co(acac)o(PRPh2)2 J* (R=PY, Bu). These com-
plexes can be prepared by two methods a) and b). a) An
ethanol solution (30cm3) containing trans-[Co(acac)z(H20)-
(PRAPh3_,)]JPF¢ or ClO4 (0.3mmol) and the phosphine
ligand (I mmol) was stirred for 30min. To the resulting
solution was added hexane until a red-brown precipitate
was no longer formed. The precipitate was filtered and
recrystallized from dichloromethane by adding hexane.
The yield was ca. 80%.

b) [Co(acac)2(Hz20)z2] (2mmol) and the phosphine ligand
(4mmol) were dissolved in a mixture of ethanol (40cm3)
and acetic acid (1 cm3) with stirring, and then PbO2 (2.1 mmol)

TABLE ],

Co" Complexes Containing PR,Phs_,
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was added. After stirring for 2h the mixture was filtered, and
excess NaPFg or NaClO4 was added to the filtrate. The
resulting precipitate was filtered and recrystallized from
dichloromethane by adding hexane. The yield was ca. 80%.
The bis(phosphine) complexes of PBud, PBusPh, and PPriPh
seem to be formed in solution since the solution is intense-
ly colored, but the complexes could not be isolated. The bis
(PCys) complex seems to be very unstable, since a green eth-
anol solution of trans-[Co(acac)2(H20)(PCys)]* turns intense
red-brown on addition of excess PCys, but rapidly changes
to a pale pink solution indicating the reduction of Co™ to
Coll.

4) wrans-[Co(acac)2(L)(PMesPh)]* (L=NH3, CH3NH,, py,
NCS). A methanol solution (20cm3) containing [Co-
(acac)2(H20)(PMezPh)]PFe? (0.5 mmol) and ligand L (5 mmol)
was stirred for 30min at room temperature, and then water
(10cm3) was added. The solution was allowed to stand at
room temperature. The crystals which were slowly depos-
ited with evaporation of the solvent were filtered and recry-
stallized from ethanol by adding an aqueous solution of
ligand L. Yields: 40% (NHs), 50% (CHsNHz), 75% (py), and
90% (NCS-).

5) trans(P,P)-[Co(acac)(CN )2(PRwPh3_.)2 | (R=Et, Pr, Bu, Bu‘;
n=1l, 2, 3. R=Pr}; n=1). These complexes were prepared
by a method similar to that for the corresponding PMePh;
complex.? A mixture of K[Co(acac)2(CN)z] (2mmol) and the
phosphine ligand (4mmol) in ethanol (60cm3) was stirred at
30—40°C for 10h for the complexes of R=Et, Pr, and Bu,
and at 40—50°C for 24 h for the complexes of R=Bu’and Pr’.
The resulting orange yellow solution was evaporated to
dryness under reduced pressure, and the residue was extract-
ed with a small amount of chloroform. The extract was
chromatographed by use of an alumina column (¢3 cmX5cm)

ANALYTICAL AND SPECTRAL DATA OF [Co(acac)z(P)z]*

Complex C(%)

H(%)
Found(Calcd) Found(Calcd)

Sol- 'H NMR Sol-
vent

Absorption

vent

Vmax/108cm—1(loge) -CH-

cts-[Co(acac)z(PEt3)2]PFs 41.33(41.39) 6.65(6.95) 18.2(2.39), 21.3(2.4)3h a 5.52  1.80, 2.21 c
cis-[Co(acac)z(PPr3)2]PFg 46.34(46.54) 7.73(7.81) 18.2(2.39), 21.3(2.4)8“ a 5.60 1.81, 2.19 C
cis-[Co(acac)z(PBus)z]C104 53.42(53.65) 9.11(9.00) 18.1(2.41), 21.2(2.4)Sh a 556 1.79, 2.18 c
cis-[Co(acac)z(PEt2Ph):)PFs 49.45(49.06) 6.05(6.04) 18.0(2.41), 20.5(2.5)'h a 5.57 1.90, 2.16 C
cis-[Co(acac)z(PPraPh):)PFg 51.63(51.65) 6.65(6.63) 18.1(2.41), 20.5(2.5)sh a 5.57 1.90, 2.16 c
cis-[Co(acac)z(PBuzPh)2]PFe 53.38(53.90) 7.09(7.14)  18.0(2.43), 20.5(2.5)" a 5.61 190,217 ¢
cis-[Co(acac)z(PMePhy)2]PFg 54.14(53.88) 5.03(5.02) 18(2.6)", 20.02.7)" a 517 1.74,1.94 ¢
cis-[Co(acac)z(PEtPhz)2]PFs 55.22(54.95) 5.28(5.34) 17.2(2.60) a 529 1.71,1.95 c
cis-[Co(acac)z(PPrPhs)z]PFe 56.02(55.95) 5.76(5.63) 17.2(2.61) a 538 1.72,193 ¢
cis-[Co(acac)z(PBuPhy)2]PFs 56.89(56.89) 5.93(5.91) 17.2(2.60) a 546 1.76, 1.94 c
trans-[Co(acac)z(PEts)2]PFs 41.66(41.39) 6.86(6.95)  23.1(4.06) b 547 197 c
trans-[Co(acac)z(PPr3)2]PFe 46.55(46.54) 8.06(7.81)  23.0(4.09) b 544 1.98 d
trans-[Co(acac)z(PBus)z]PFs 50.54(50.62) 8.84(8.50)  23.0(4.10) b 549 197 c
trans-[Co(acac)z(PEtzPh):)PFs 49.33(49.06) 5.90(6.04) 22.1(4.15) b 5.15 1.64 c
trans-[Co(acac)y(PPrsPh)s]PFs 51.84(51.65) 6.60(6.63) 22.0(4.19) b 510 1.64 d
trans-[ Co(acac)z(PBuzPh)2]C104 56.24(56.96) 7.45(7.55) 22.0(4.18) b 513 1.66 c
trans-[Co(acac)o(PEtPh2)2]C10s-1/2H20 57.48(57.46) 5.71(5.71)  20.9(4.17) b e €

trans-[Co(acac)z(PPrPhg)2]PFs 56.22(55.95) 5.56(5.63) 20.8(4.19) b 470 1.48 d
tmns-[Co(acac)z(PButh)z]ClO4 60.23(59.97) 6.71(6.23)  20.8(4.16) b 4.77 1.50 C
trans-[Co(acac)z(PBu’Phz)2]PFs 56.61(56.89) 5.89(5.91)  20.5(4.09)° b 499 1.51 d
trans-[Co(acac)z(PPr'Phs);]PFs 55.82(55.95) 5.09(5.63)  19.8(3.97)f b 499 1.50 d
trans-[Co(acac)z(PPhs)z]PFe 59.81(59.62) 4.68(4.79)  19.0(4.06)% b 453 1.49 d

a: CH30H, b: CH,Cl,, c: CDsCl, d; CD;Cl,. e: No clear peak was observed because of low solubility.

f: The spectrum

showed a slight change with time. g: The spectrum showed a slight change with time even in the presence of a large

excess of PPh;. For the data of cis-[Co(acac)y(PMejs), |PFs, cis-[Co(acac),(PMe,Ph), |PFg,

and trans-[Co(acac)y(PMePh,),|PFg, see Ref. 2).

trans-[Co(acac),(PMe,Ph),]PFg,
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TABLE 2. ANALYTICAL AND SPECTRAL DATA OF trans-[Co(acac)z(L)(P)]"*

C(%) H(%) N%) Absorption Sol- 'HNMR ¢
Complex Found(Calcd) Found(Calcd) Found(Calcd) Fnu/10%cm-Y(loge) YU _ g gy, Vent
und(Calcd) Found(Caled) Found(Calcd) max/10%cm~(loge) -CH- -CHs

[Co(acac)z(Hz0)(PEts)[PFs-1/2H0  34.86(35.11)  5.71(5.53) 17.5(2.46) a 575 212 ¢
[Co(acac)s(HzO)(PPr3)]PFs 39.55(39.32)  5.92(6.43) 17.5(2.46) a 575 212 ¢
[Co(acac)z(H20)(PBug)|PFs 42.43(42.45)  6.87(6.96) 17.5(2.45) a 578 212 ¢
[Co(acac)z(H20)(PBus)]PFs- H;O 41.20(41.26)  7.19(7.08) 17.2(2.38) a 559 197 ¢
[Co(acac)z(H20)(PCys)]ClO4 51.16(51.34)  7.53(7.54) 163(229° b 573 207 ¢
[Co(acac)2(H20)(PE1:Ph)]PFs-1/2H;0 40.20(40.35)  5.24(5.42) 17.1(2.47) a 557 199
[Co(acac)z(H2O)(PPrzPh)|PFe 43.30(43.01)  5.77(5.74) 17.1(2.48) a 556 200 c
[Co(acac)z(H20)(PBusPh)|PFs 44.80(44.87)  6.11(6.12) 17.0(2.47) a 556 199
[Co(acac)2(HzO)(PBuzPh)]PFs 44.66(44.87)  5.92(6.16) 16.8(2.44) a 559 197 ¢
[Co(acac)o(H20)(PPr;Ph)|PFs-H:O  41.52(41.78)  5.97(5.90) 16.3(2.34) a 55t 202 c
[Co(acac)o(H20)(PEtPhs)]C1O4 48.73(48.95)  5.17(5.31) 16.4(2.46) a 542 194
[Co(acac)z(H20)(PPrPhs)|PFe 46.99(46.31)  5.55(5.13) 16.4(2.44) a 543 193 ¢
[Co(acac)z(H20)(PBuPh2)|PFs 46.87(47.14)  5.44(5.33) 16.4(2.44) a 546 194 ¢
[Co(acac)z(H20)(PBu’Phz)]C104 50.67(50.62)  5.61(5.72) 16.3(2.40) a 553 193 ¢
[Co(acac)o(H20)(PPr'Ph;)|PFs 46.52(46.31)  5.17(5.13) 16.2(2.38) a 553 195 ¢
[Co(acac)z(H20)(PPh3)ICIO4 52.99(52.80)  4.83(4.91) 155238° b 535 193 ¢
[Co(acac)z(NHs)(PMezPh)]PFs 38.82(38.79)  5.15(4.52)  2.47(2.51) 18.6(2.36) b 532 19 d
[Co(acac)o(CHsNHz)(PMe;Ph)JPFs  39.80(39.94)  5.31(5.29)  2.38(2.45) 18.8(2.41) b 531 194 d
[Co(acac)(CsHsN)(PMezPh) |PFe 44.77(44.60)  4.92(4.88)  2.27(2.26) 18.9(2.44) b 512 18 d
[Co(acac)2(NCS)(PMezPh)]. H20 48.53(48.41)  5.75(5.77)  3.19(2.97) 18.0(2.53) b 52 1.9 d

a: CH;0H, b: CH,Cl,, c: CD;0D, d: CD3Cl. e: The spectrum showed a slight change with time.

For the data of

trans-[Co(acac)y(H,O)(PMe,Ph)|PFg- 1/2H,0 and trans-[Co(acac),(H,O)(PMePh,)]PFg, see Ref. 2).

TABLE 3. ANALYTICAL AND SPECTRAL DATA OF trans(P,P)-[Co(acac)(CN)z(P)s]

C(%) H(%)

N(%) Absorption 'H NMR

Complex Sol- acac Sol-

Found(Calcd) Found(Calcd) Found(Calcd) ¥mar/10%cm—Y(loge) V€M -CH- -CH, Vent
[Co(acac)(CN)z(PEts)z] 50.09(50.11) 8.33(8.41) 6.05(6.15) 24.4(3.35) a 527 1.89 b
[Co(acac)(CN)z(PPr3)2] 56.54(56.60) 9.27(9.31) 5.25(5.28) 24.4(3.36) a 5.28 1.88 b
[Co(acac)(CN)z(PBus)e] 60.23(60.57) 9.60(10.00)  4.37(4.56) 24.4(3.38) a 5.27 1.80 b
[Co(acac)(CN)z(PBus)z] - 1/2H20 59.55(59.70) 10.12(10.02) 4.74(4.49) 23.8(3.35) a 530 191 b
[Co(acac)(CN)z(PEtzPh)s] 60.05(59.78)  6.55(6.88) 5.24(5.16) 23.3(3.53) a 4.71 1.13 b
[Co(acac)(CN)z(PPrzPh)z] 62.23(62.20) 7.74(7.58) 4.51(4.68) 23.3(3.54) a 469 1.10 b
[Co(acac)(CN)z(PBuzPh)z] 64.34(64.21) 8.15(8.16) 4.30(4.28) 23.3(3.55) a 466 1.10 b
[Co(acac)(CN)z(PBuzPh)z]- H20 62.69(62.49) 8.11(8.24) 4.43(4.16) 23.0(3.46) a 453 0.97 b
[Co(acac)(CN)z(PEtPhz)z] 66.03(65.83) 5.59(5.84) 4.10(4.39) 21.9(3.53) a 4.67 0.98 b
[Co(acac)(CN)2(PPrPhz)z) 65.22(64.91) 6.16(6.33) 3.89(4.09) 21.9(3.57) a 4.67 0.9 b
[Co(acac)(CN)z(PBuPhg)z]}-1/2H20 66.37(66.57)  6.46(6.59) 3.91(3.95) 20.8(3.58) a 4.67 0.98 b
[Co(acac)(CN)z(PBu’Phz)e]-1/2H20 66.45(66.57)  6.54(6.59) 3.78(3.98) 21.8(3.57) a 4.60 0.93 b
[Co(acac)(CN)z(PPr'Phz)2]-1/2H20  65.82(65.78)  5.75(6.27) 4.05(4.15) 21.2(3.42) a 4.51 0.77 b

a: CH3OH, b: CDC13.

For the data of trans(P,P){Co(acac)(CN);(PMej),], trans(P,P)-[Co(acac)(CN),(PMe,Ph),],

trans(P,P)-[Co(acac)(CN),(PMePh,),], and trans(P,P)-[Co(acac)(CN)z(PPhs)z], see Ref. 2).

and a mixture of hexane and ethanol (1:10). The eluate was
concentrated to a small volume, and the concentrate was
rechromatographed by use of a column (¢$3 cmX60cm) of SP-
Sephadex LH-20 and a mixture of hexane and ethanol (5:1).
The orange yellow eluate was evaporated to a small volume,
and then water was added until a precipitate began to ap-
pear. The crystals which were deposited on standing at
room temperature were filtered and air-dried. Yields: 45—
70% (R=E¢, Pr), 20—50% (R=Bu), 10% (R=Pr/, Bui). The yield
tends to decrease with the increasing bulkiness of R and
the increasing number of phenyl groups of the ligand.

Analytical data of the new complexes are given in Tables
1-3.

Isomer Distribution of [Co(acac)s(PRwPhsn)2 J* (R=Me, Et;
n=0, 1, 2, 3) at Equilibrium. a) A mixture of cis- or
trans-[Co(acac)2(PR,Phs_»):]PFs (ca. 0.1 mmol), the corre-
sponding phosphine ligand (ca. 0.01 mmol), and a small
amount of active charcoal in ethanol-dichloromethane

(1:1, 20cm3) was stirred at 20+0.5°C for 24h. The mixture
was filtered, and the filtrate was evaporated to dryness under
reduced pressure. The residue was stored in a vacuum
dessicator overnight for complete elimination of the solvent
and moisture. The sample thus obtained was dissolved in
CD2Clg, and the 'H NMR spectrum was recorded. The forma-
tion ratio of the cis to trans isomers was determined from the
intensity ratio of methine signals of acac in these isomers.
b) [Co(acac)z(H20)2] (2mmol) and the phosphine ligand
(4.5 mmol) were dissolved in a mixture of ethanol (60cm3) and
acetic acid (1 cm3), and then PbOz (2.1 mmol) was added. The
mixture was stirred for 2h, and then active charcoal (ca. 0.1g)
was added. The whole was kept at 2010.5°C with stirring for
24h. The resulting mixture was filtered, and the filtrate was
chromatographed by the same method as that described in 1)
method b) in order to separate the two isomers. The trans
isomer completely changed into trans-[Co(acac)z(H20)(PR,-
Phs_,)]* during the elution. The abundance of the complex
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in each fraction was determined by measuring the optical
density. The values of formation ratio of the cis-bis(phos-
phine) complex to the trans-(aqua)(phosphine) complex thus
obtained were almost the same as those determined by the
above 'H NMR method.

Results and Discussion

Preparation and Chemical Properties of the Complexes.
In a previous paper,? we reported that trimethylphos-
phine and its phenyl analogs, PMe,Phs—, (n=1, 2, 3)
react with [Co(acac)s] in ethanol in the presence of
active charcoal to yield [Co(acac)z(PMe,Phs_,)2]*, but the
reaction with bulky PPhs does not take place under
similar conditions. Bulky alkylphosphines such as
PBw, PPriPh, and PCys used in this study do not
react with [Co(acac)s] either. Thus reactivity of uniden-
tate phosphine ligands toward [Co(acac)s] seems to
depend on their bulkiness. In this study, however, we
have prepared such bulky phosphine complexes of the
[Co(acac)z(P)2]* type in good yields by oxidizing a
mixture of [Co(acac)y(H20)z2] and the phosphine
ligand in ethanol with PbO2. The less bulky phos-
phine complexes can also be prepared by this method
in good yield.

The new preparative method affords only the trans
isomer of [Co(acac)z(P)z2]* when active charcoal is not
added to the reaction mixture. In the presence of ac-
tive charcoal, however, both trans and cis isomers are
formed if the complex can exist in the cis isomer. The
structure of the complex can be easily assigned from
NMR and absorption spectra as reported for the
PMe,Phs-» complexes.? The cis isomers, the forma-
tion of which was confirmed by column chromatog-
raphy, are those with PR,Phs_, (R=Me, Et, Pr, Bu; n=
1, 2, 3). For the most bulky PCys ligand, only trans-
[Co(acac)z(H20)(PCys)]* is isolated, no bis(PCys) com-
plex being formed under the given experimental
conditions (see Experimental). The Co™-P bond would
lengthen and weaken with increasing bulkiness of
the phosphine ligand. The bulkiness of phosphine
ligands can be estimated in terms of the cone angle(8°)
defined by Tolman.? In a series of [Co(DH)2(Cl)(P)]
(P=PBus, PPhs, PCys; DH=dimethylglyoximate
ion), the Co™-P bond lengthens in the order of the
PBuj3(2.271 A)® <PPhj3(2.327 A)? <PCy3(2.369A)® com-
plexes, with the increasing cone angle of the phos-
phine ligands, PBus(132°)<PPh3(145°)<PCys(170°).

Both trans and cis isomers of [Co(acac)o(PR,Phs-n)2]*
(R=Me, n=2; R=Et, Pr, Bu, n=1, 2, 3) isomerize to each
other in ethanol in the presence of active charcoal,
and the isomerization attains equilibrium fairly rapidly.
Distributions of the two isomers at 25°C were exam-
ined for the complexes with R=Me and Et. The pro-
portions (%) of the trans isomers are plotted against
the cone angles (6°) of phosphine ligands in Fig. 1.
With the increasing cone angle, the proportion of the
trans isomer increases, and almost linear relationships
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are seen among the complexes with PR,Phs_, (n=2,3)
and among those with PR,Phs_, (n=0, 1). The smallest
PMes complex affords only the cis isomer, while the
largest PPhs complex only the trans one. The PMePh,
and PEt:Ph ligands have the same cone angle (136°),
but form the trans isomer in a remarkably different pro-
portion. The difference might come from the difference
in electronic effect of the phosphine ligands. Accord-
ing to the parameter(3xi/cm=!) given by Tolman?
for the electronic effect of phosphines, PEtzPh (7.9)
is more basic than PMePhg (11.2). Thus it is seen that
when two kinds of phosphine ligands have a similar
steric effect, the complex with the more basic phos-
phine ligand yields the cis isomer in a larger amount.
Cotton et al.? reported a tendency to isomerize to
the trans isomer in [Mo(CO)4(PR3s)2] (R=Me, Et, Bu)

-with an increasing bulkiness of PRs. Ounapu et al.19

observed also a similar trend in [W(CO)4(PRPhy):]
(R=Me, Et, Pri, But, Ph); the value of the trans/cis ratio
increases with an increase in bulkiness of R.

All of trans-[Co(acac)z(PR.Phs-y)2]* rapidly hydro-
lyze when dissolved in ethanol (not anhydrous) to afford
trans-[Co(acac)(H20)(PR,Phs_»)]*. The hydrolysis is
depressed by addition of the free phosphine ligand,
and hence the complex in solution will exist in the
following equilibrium;

H,0
trans-[Co(acac),(PR,,Ph,_,),]* ﬁ

trans-[Co(acac),(H,0) (PR,Ph,_,)]*

The rapid hydrolysis can be attributed to a strong
trans effect of PR,Phs_,. Similar solvolyses were report-
ed for trans-[Co(acac)2(NOg)2]~ in water!? and trans-
[Co(acac)z(CN)(py)] in dimethyl sulfoxide(DMSO),12
which rapidly yield trans-[Co(acac)z(NOg2)(H20)] and
trans-[Co(acac)z(CN)(DMSO)], respectively. Theresult-
ing trans-[Co(acac)2(H20)(PR.Phs-,)]* complexes
are stable to further hydrolysis, although those with
bulky PCys, PPiPh and PPhs decompose slowly to

trans %
100

PPhy

B PEtPhy
PMePh,

80

60r
°h

40F

201
L PMe2Ph

l 1 I i
120 130 140

e/°
Fig. 1. Proportion(%) of trans-[Co(acac)o(PRPhs_,)]*
at equilibrium in CeHsOH-CH2:Clz (1:1) at 25°C vs.

Tolman’s cone angle (6°) of the phosphine ligand.

0
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give Co" species. The aqua ligand in trans-[Co(acac)z-
(H20)(PR,Phs_,)]* is readily replaced by various
bases (L) to afford trans-[Co(acac)z(L)(PR.Phs_n)]"+. We
have isolated complexes of this type for PMezPh and
L=NHj3, CHsNHj, py, or NCS—. All of these complexes
immediately lose L to give original trans-[Co(acac)s-
(Hz0)(PMezPh)]* when dissolved in methanol or
ethanol (not anhydrous). This is in marked contrast
to the inertness of trans-[Co(acac)z(NO2)(NH3 or py)]
in solvolysis.?® The trans effects of cyanide and phos-
phine ligands should be much greater than that of
NO;~.19 When PMePh; for L is added to a meth-
anol solution of trans-[Co(acac)z(Hz:O)(PMezPh)]t,
a disproportionation reaction takes place to yield
trans-[Co(acac)(PMezPh)o]* and trans-{Co(acac)(PMe-
Phg)2]* in addition to trans-[Co(acac)z(PMezPh)(PMe-
Phg)]*. The reaction of CN~ with [Co(acac)z(Hz20)-
(PMegPh)]* affords cis-[Co(acac)z(CN)(PMezPh)], no
trans isomer being formed. Since CN~ has strong abil-
ity of trans influence as a phosphine and is much smal-
ler in size, the complex would be greatly stabilized in
the cis isomer.

The [Co(acac)(CN)z(PR,Phs_»)2]-type complexes have
been prepared from cis-[Co(acac)z(CN)z2]~ and PR,Phs_,
by a method similar to that for the corresponding
PMe,Phs_, complexes.? All the complexes yield
only the trans (P,P) isomer of three possible geometri-
cal isomers. The assignment of the trans (P,P) iso-
mer can be made easily from NMR spectra as reported
for the PMe,Phs_, complexes.? The stereoselective
formation of the trans (P,P) isomer over various kinds
of phosphines might result from stronger trans influ-
ence of CN~ than that of a phosphine ligand. Further-
more, the steric effect of bulky phosphine ligands
would facilitate formation of the trans (P,P) isomer.
The yield of the complex decreases with increasing
bulkiness of phosphines, and extremely bulky phos-
phines such as PPr;Ph and PCys do not react with cis-
[Co(acac)z(CN)z]=. All the complexes obtained are
stable in methanol or ethanol, and show no solvolysis
in contrast to trans-[Co(acac)z(PR,Phs_z)2]* stated pre-
viously. The reason for this remains unknown. Since
the trans-[ Co(CN)yPMe,Phs_,)2]~ (n=0, 1, 2) complexes
are also inert to solvolysis,? strong and soft cyanide
ions in such trans (P,P) complexes might play an im-
portant role in strengthening the Co™-P bond.

1H NMR Spectra. In Tables 1-—3 are listed data of
the methine and methyl signals of acac in 1TH NMR
spectra of the complexes. General features in chemical
shift of these signals are similar to those reported for
the complexes of PMe,Phs_..2 For trans-[Co(acac)(PR
Phs_,)2]* the methine signal of acac shows a remark-
able high field shift as the number of phenyl groups
on the phosphorus atom increases. The methyl signal
also shows the same high field shift, but the extent of
shift is not so large as that of the methine signal. As
suggested in our previous papers,2!® the high field
shift of these protons can be attributed to a shielding
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effect by the ring current of phenyl groups of the phos-
phine ligand located over the acac ring. No such remark-
able high field shifts are observed for cis-[ Co(acac)s-
(PR,Phs_,)2]* (n=1, 2). In a previous paper, we exam-
ined the crowded structure of cis-[Co(acac)z(PMezPh)q]*
with molecular models, and suggested a structure where
the methyl proton (s) of PMezPh is placed over the acac
ring. This structure is supported by the fact that the
chemical shift of the methine proton is very similar to
that in cis-[Co(acac)z(PMes)z]*. A similar structure can
be assigned to other PR2Ph complexes of this type (R=
Et, Pr, Bu), since all methine proton signals of these
complexes and cis-[Co(acac)z(PRs)2]* (R=Et, Pr, Bu)
are observed at nearly the same position. The methine
signals of cis-[Co(acac)z(PRPhg)z]* shift to a high field
compared with those of the PR3 and PR2Ph complexes,
but the magnitudes of shift are much smaller than those
observed in the corresponding trans isomers. Thus the
PRPh; complexes would also have a structure similar
to that of the PR2Ph complexes; the R group is located
over the acac ring.

In contrast to trans-[Co(acac)e(PR,Phs_p)2]* (n=
0, 1, 2), trans-[Co(acac)(H20)(PR,Phs-_,)]* (n=0, 1, 2)
show a very small high field shift in the methine
signals, although both types of complex are similar
and have the phosphine ligand at the apical site to
the plane formed by two acac ligands. In these aqua
complexes, the two acac chelate rings might not be
planar, but bent toward the small aqua ligand to re-
lease the crowding with the bulky phosphine ligand
as have been observed for trans-[Co(DH)(CIl)(P)] (P=
PBus®, PPh3?, PCy3?). Accordingly, the methine proton
would not be effectively shielded by the phenyl group
to give a very small high field shift. The same explana-
tion can be offered for the small high field shift of
the methine signals in ¢trans-[Co(acac)z(L)(PMeoPh)]+
(L=NHs, CH3NH,,py, NCS-). Both methine and meth-
yl signals of trans(P,P)-[Co(acac)(CN)z(PR,Phs_,)2]
(n=0, 1, 2) are observed at a remarkably high field
compared with those of the corresponding PR3 com-
plexes. The magnitudes of shift, in particular those
in the PRoPh complexes are even larger than those
observed in trans-[Co(acac)z(PR,Pha-»)2]* (n=0, 1, 2). As
stated previously, these dicyano complexes are quite
stable to solvolysis, and hence the Co™-P bonds
would be stronger and shorter than those in trans-
[Co(acac)z(PR,Phs_»)2]* which rapidly undergo sol-
volysis. The large high field shift might be caused by
such strong coordination of the PR,Phs—, (n=0, 1, 2)
ligands at the apical position.

Absorption. Spectra. In Fig.2 are shown absorp-
tion spectra of PPr,Phs_» complexes of the types,
trans- and cis-[Co(acac)z(P)z2]*, trans-[Co(acac)z(H20)-
(P)1*, and trans(P,P)-[Co(acac)(CN)z(P)z2]. The spectral
patterns remain almost unchanged by changing the
kind of alkyl groups. Tables 1—3 list the data of absorp-
tion bands observed in the low energy region.

All of trans-[Co(acac)z(PR,Phs_,)2]* show a very
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Fig. 2. Absorption spectra of a) trans-['Co(acac)z(l’)z]+
b) trans(P,P)-[Co(acac)(CN)z(P)z2], c) trans-[Co(acac)z-
(H20)(P)1*, d) cis-[Co(acac)z(P)2]* where denote
PPr3 (—), PPr2Ph (-—- ), PPrPhg (------), and PPhs
(—).

strong band in the 19000—23000 cm~! region. Because
of the strong intensity, these bands may be assigned to
a charge transfer transition. However, no such low
energy, strong bands are observed in the phosphine
complexes of other types studied here. The bands shift
largely to the low energy side as the number of phenyl
groups in PR,Phs, increases. The first absorption
band of the complexes is almost hidden by this strong
band, but the shoulders in the lowest energy region
observed in the PR3 and PR2Ph complexes can be
assigned to a part of the first absorption band. The spec-
tra of a series of trans-[Co(acac)z(CHsNHz),(PMezPh)z—,]*
(n=0, 1, 2) given in Fig. 3 show more clearly that
trans-[Co(acac)z(PRxPha_)2]* has the first absorption
band on the low energy side of the strong band. Nei-
ther cis-[Co(acac)z(PR.Phs_n)2]* nor trans-[Co(acac)z-
(H20)(PR,Phs_,)]* exhibit such a strong band in the
low energy region. The complexes show a band of me-
dium intensity in this region, which can be assigned
to the first absorption band from a comparison with
the spectra shown in Fig.3 and those of cis-[Co-
(acac)2(CN)(PMes)g—, )4+ (n=0, 1, 2).2 The trans-
(P,P)-[Co(acac)(CN)z(PR,Phs_n)2] complexes give a
fairly strong band in the 21000—24000 cm™! region.
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Fig. 3. Absorption spectra of trans-[Co(acac)z(PMez-
Ph)s]* (—), trans-[Co(acac)z(CHsNHz)(PMezPh)]*
(——- ), and trans-[Co(acac)e(CHsNHz)]* (———- ).
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Fig. 4. Plots of the first absorption band(cm™?) of
trans-[Co(acac)2(H20)(P)]* vs. Tolman’s substituent
additivity value, 3)xi(cm~1) of the phosphine ligand.

These bands may be assigned to the first absorption
band, since the PhaPCH2CH2PPh; and PhePCH2CHg-
CH32PPh: complexes of the cis-[Co(acac)(CN )z(diphos-
phine)] type also show a similar band in this region
with a little smaller intensity of loge=3.03 and 3.12,
respectively. It has been reported that the first absorp-
tion band of trans(P,P)-phosphine complexes is al-
ways stronger than that of the corresponding cis(P,P)
isomers.? The same relation is seen between the first
absorption bands of trans- and cis-[Co(acac)z(PRx-
Phs_,)2]t shown in Fig. 2a and 2d. In the higher
energy region, all of the complexes show compli-
cated spectra, and no clear assignment can be made
at present.

In Fig. 4 are plotted the absorption maxima of
the first bands of trans-[Co(acac)z(H20)(PR,Phs_,)]*
vs. Tolman's parameters, 31X (electronic effect) for the
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Fig. 5. Plots of the first absorption band(cm=?) of
trans-[Co(acac)z(H2O)(P)]+ vs. Tolman’s cone angle
(6°) of the phosphine ligand.

phosphine ligands. In general, the absorption max-
ima shift to high energy with decreasing the value of
3'x: (increasing basicity). However, the extent of shift
depends clearly on the kind of R on PR,Ph3_,; the more
bulky the R group becomes, the smaller the extent of
shift arises. The PCys ligand is much more basic than
PPriPh, but the former is more bulky (Tolman’s cone
angle: 170°) than the latter (155°), and consequently
the complexes of these two phosphines show the first
absorption band at nearly the same position. Of the
phosphines, four PBuiPhs—, (n=0, 1, 2, 3) have a sim-
ilar cone angle (ca. 145°). Hence the line connecting
the points of these phosphines in Fig. 4 would show
the electronic effect of phosphines with a constant cone
angle (ca. 145°) on the first absorption bands of trans-
[Co(acac)z(H20)(PR,Phs_s)]*. The complexes with a
less bulky phosphine and those with a more bulky one
than PBiPhs_, give the first absorption band at higher
and lower energy, respectively, than values on the line,
when the phosphine has the same 3x: value as that of
PBu/Phs_.

Figure 5 shows a plot of the first absorption max-
ima vs. Tolman’s cone angles(6°) (steric effect) for
phosphine ligands in the same trans-[ Co(acac)(HzO)-
(PR,Phs-,)]* complexes. Good linear relations are seen
between the absorption maxima and each group of
phosphines, PR3, PRoPh, and PRPhs, i.e., for each
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group of phosphines, the absorption maxima shift
linearly to lower energy with an increase in cone angle
of the phosphine ligand. As stated previously, four
PBu/Phs_, have a similar cone angle. The energy
difference in absorption maxima of these phosphine
complexes should come from the difference in basic-
ity of the phosphines. Thus Figs. 4 and 5 clearly
demonstrate that the ligand field strength of phos-
phines to the Co™ ion is dependent not only on the
basicity but also on the bulkiness strongly. Similar
dependence is seen for the lowest energy bands of the
trans(P,P)-[Co(acac)(CN)z(PR,Phs_s)2] complexes.

The authors wish to thank the Ministry of Educa-
tion for Scientific Research Grant-in-Aid No. 58470032.
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