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The [Co(dtc)s..(dmope),]* (n=1, 2) complexes were prepared, where dtc and dmope denote a dimethyl-
dithiocarbamate ion and 1,2-bis(dimethoxyphosphino)ethane, respectively. The absorption and magnetic circular
dichroism (MCD) spectra, and reduction and oxidation potentials were compared with those of the corresponding

1,2-bis(dimethylphosphino)ethane (dmpe) and related complexes.

The molecular structures of [Co(dtc)-

(dmope),](BF4): (1) and [Co(dtc)(dmpe)2] (BF.), (2) were determined by the X-ray diffraction method. Crystal data
are; for 1, monoclinic, Ce, a=18.154(5), b=12.533(2), ¢c=14.447(3) A, B=101.69(2)°, V=3219(1) A3, D,=1.61,
Dy=1.60(3) gcm3, and Z=4, R=0.044 for 3259 reflections; for 2, monoclinic, P2:/a, a=18.967(3), b=10.333(1),
c=14.459(2) A, B=90.10(2)°, V=2833.8(7) A3, D;=1.53, Dn=1.54(4) gcm3, Z=4, R=0.052 for 5662 reflections.
The average Co-P bond distance trans to S is 2.186(2) A for 1 and 2.240(1) A for 2, and that trans to P is 2.226(2) A
for1and 2.278(1) A for 2. The Co-P distances in 1 are shorter by ca. 0.05 A than those in 2, while the average Co-
S bond distances are similar, 2.288(1) A for 1 and 2.282(3) A for 2.

While a large number of cobalt(III)-phosphine com-
plexes have been prepared recently, only [Co(dmope)s]**
(dmope=(CH;0),PCH,CH,P(OCH3),! and [Co(X)-
(dmgH){(P(OCH3)x(CsHs)}] (X=Cl, CHs dmgH=
dimethylglyoximate ion)®? have been reported for
cobalt(III)-phosphonite complexes to our knowledge.
Phosphonites (PR(OR);) as well as phosphites (P(OR)3)
are said to be unfavorable ligands for hard metals such as
cobalt(1I) because of the stronger m-acidity than phos-
phines (PR3).>¥ On the other hand, PR(OR). and
P(OR); have smaller cone angles® than those of the
corresponding PR3, and may be sterically favorable for
complex formation. Thus it is interesting to compare
structures and properties of phosphite or phosphonite
complexes with those of the corresponding phosphine
complexes. This paper describes the preparation of new
dmope complexes, [Co(dtc)s..(dmope),]** (dtc=
dimethyldithiocarbamate ion; n=1,2) and comparisons
of their spectral and electrochemical properties with
those of the corresponding (CH;3),PCH,CH,P(CH;),
(dmpe) complexes,® in addition to the X-ray crystal
analyses of [Co(dtc)(dmope):](BFs). and [Co(dtc)-
(dmpe):](BF4).. For X-ray crystal structure analysis of
the dmope complex, only [Mo(n*-CsHs)(CO)(C.H)-
(dmope)] PF¢ has been reported so far.”

Experimental

The dmope ligand was prepared by the method of King and
Rhee®) and handled under an atmosphere of nitrogen until it
formed air-stable cobalt(III) complexes. The [Co(dtc)s-n-
(dmpe),](BF4). (n=1, 2) complexes were prepared as described
previously.®

[Co(dtc)(dmope);](BF4)2. To a methanol solution (15 cm?)
of Co(BF4)>6H,0 (1.36 g, 4.0 mmol) was added a solution of
dmope (1.93 g, 9.0 mmol) in 6 cm? of methanol with stirring.
A pale yellow precipitate appeared immediately. The suspen-
sion was stirred for 1h, and then mixed with a solution of

‘NH:PFs

bis(dimethylthiocarbamoyl) disulfide (0.480 g, 2.0 mmol) in
100 cm? of methanol-dichloromethane (20:1). The mixture
was stirred for 12h. The resulting pale green precipitate
(1.75 g) was collected by filtration and washed with 50 cm® of
dichloromethane to remove green [Co(dtc);]. The remained
pale yellow precipitate (0.95 g) was dissolved in 1 dm? of water
and applied on a column (¢ 3 cmX25 cm) of SP-Sephadex C-
25. The adsorbed product was eluted with 0.1 moldm™
Na;SOs. A yellow band appeared and was followed by a
colorless band ([Co(dmope)s]**). The yellow eluate was
concentrated to ca. 2cm? under reduced pressure. On
addition of a methanol solution (3 cm3) of LiBF,4 (1.0 g) and
cooling in a refrigerator for 12 h the concentrate yielded yellow
needle-like crystals, which were collected by filtration and
washed with cold methanol (5 cm3) and diethyl ether (5 cm?).
Yield: 0.32g (9.9%). Found: C, 23.01; H, 5.08; N, 1.79%.
Caled for [Co(dtc)(dmope)z](BF4)2=C15H33NB2C0F303P4SZ:
C, 23.07; H, 4.90; N, 1.79%. 'H NMR (CDs;CN) 8=3.27 (s,
N(CH3).), 3.88 (m, P(OCHa3),).

[Co(dtc)(dmope)]PFs. To a mixture of [Co(dtc)s] (0.840 g,
2.0 mmol) and active charcoal (0.1 g) in 160 cm3? of dichloro-
methane-methanol (3 : 5) was added a methanol solution (2 cm?)
of dmope (0.64 g, 3.0 mmol). The mixture was stirred at room
temperature for 3 d, and then active charcoal was filtered off.
The reddish green filtrate was evaporated to dryness under
reduced pressure. The residue was washed with diethyl ether
(200 cm3X2), mixed with 1dm?® of water, and insoluble
[Co(dtc)s] was filtered off. The orange filtrate was applied on
a column (¢ 3 cmX25cm) of SP-Sephadex C-25, and the
adsorbed products were eluted with 0.03 moldm= Na;SO..
The eluate of a major orange band was evaporated to dryness
under reduced pressure, and the orange complex was extracted
with 50 cm3 of ethanol. The extract was evaporated again to
dryness under reduced pressure, and the residue was dissolved
in 3cm? of water. On addition of an aqueous solution of
(0.8 g) the solution afforded orange crystals
immediately, which were collected by filtration and washed
with cold water (5cm?). Yield: 0.03g (2.3%). Found: C,
21.91; H, 4.23; N, 4.27%. Calcd for [Co(dtc)(dmope)]PFs=
Ci12H2sN,CoFs04P3S4: C, 21.89; H, 4.29; N, 4.25%. 'H NMR
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(CDsCN) 6=3.16 (s, N(CH:)2), 3.23 (s, N(CH3)2), 3.83 (t,
P(OCHs)y).

[Co(dmope);](PFg);. This complex was prepared by a
modified method of Houlding and Miskowski.? To a
methanol solution (20 cm?) of Co(BF4),:6H,0 (0.34 g, 1 mmol)
was added dmope (0.80g, 3.3 mmol). A pale-yellow pre-
cipitate was yielded immediately. After 1 h, air was bubbled
through the mixture for 12h. The pale yellow precipitate
turned white. It was collected by filtration and dissolved in
1dm? of water. The solution was applied on a column
(¢ 3cmX20cm) of SP-Sephadex C-25. By elution with
0.15 mol dm™3 Na,SOy4, the eluate of a main colorless band was
collected and evaporated to dryness under reduced pressure.
The complex was extracted from the residue with methanol
(30 cm?), and the extract was evaporated again to dryness under
reduced pressure. The complex was dissolved in 3cm? of
water, and an aqueous solution of NH4PFs (1.6 g) was added to
the solution. White crystals were obtained on cooling the
mixture in a refrigerator overnight, collected by filtration, and
washed with cold water. Yield: 0.38 g (33.5%). Found: C,
18.7; H, 431% Calcd fOI‘ [Co(dmope);](PF6)3=C13H4g-
CoF13012Ps: C, 19.03; H, 4.26%. 'H NMR (CDsCN) 6=3.98
(br, P(OCH3)y).

Crystal Structure Determination. A yellow crystal of
[Co(dtc)(dmope):](BF4). (1) (0.90<0.43X0.38 mm?), which was
obtained by slowly cooling a saturated CH3CN-CsHs (2: 1)
solution at 40°C, was used for the data collection. Crystal
data: monoclinic, Cc¢, a=18.154(5), b=12.533(2), c=14.447(3)
A, B=101.69(2)°, ¥=3219(1) A3, Dx=1.61, Dn=1.60(3) g cm?,
Z=4, u(Mo Ka)=9.3cm™. For [Co(dtc)(dmpe).](BF.).
2), a yellow-orange crystal (0.28X0.40X0.40 mm?), which was
grown from a methanol solution, was used for the X-ray work.
Crystal data: monoclinic, P2,/a, a=18.967(3), 56=10.333(1),
c=14.459(2) A, B=90.10(2)°, V=2833.8(7)A?, D,=1.53,
Dn=1.54(4) gcm3, Z=4, y(Mo Ka)=10.2cm!. Diffraction
data for both 1 and 2 were collected on a Rigaku AFC-5R
diffractometer with graphite monochromatized Mo Ka
radiation (1=0.71069 A). Within the range 26<60°, 3259 and
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5562 independent reflections were obtained for 1 and 2,
respectively, with | Fo|>30(| Fo|). All the computations were
performed on a HITAC M-680H computer at the Computer
Center of the Institute for Molecular Science with the program
system UNICS IIL.9 Absorption corrections were made by
using the DABEX program of the Computer Center. The
structures were solved by the usual heavy-atom method. For
1, the positions of all the non-hydrogen atoms were identified in
subsequent Fourier maps, but those of hydrogen atoms could
not be determined. Final R was 0.044 for 3259 unique
reflections, and the atomic parameters of non-hydrogen atoms
are listed in Table 1. For 2, the positions of all the non-
hydrogen atoms were identified in a similar manner in
subsequent Fourier maps, and those of 31 among 38 hydrogen
atoms were identified on the difference-Fourier synthesis.
Final R was 0.052 for the 5662 reflections. The atomic
parameters of non-hydrogen atoms are listed in Table 2. The
anisotropic thermal parameters for all the non-hydrogen
atoms, hydrogen atomic parameters, and the complete lists of
|Fo| and |F:| values of both complexes are deposited as
Document No. 9042 at the Office of the Editor of Bull. Chem.
Soc. Jpn.

Spectroscopic and Electrochemical Measurements.
Absorption and MCD spectra were obtained with a Hitachi U-
3400 spectrophotometer and a JASCO MOE-1 spectropolar-
imeter at the 1.5 T magnetic field at 25°C, respectively.
'THNMR spectra were recorded on a Hitachi R-90HS
spectrometer at 36°C.

Electrochemical measurements were carried out by rotating
disk electrode voltammetry (RDE) on CH3CN solutions ([Co]:
1.0X1072 mol dm™, 0.1 mol dm™ BusNBF;) at 2511 ° C by using
a FUSO 321B potential sweep unit and a FUSO HECS 317B
potentiostat. A grassy-carbon rotating-disk (1500 rev min?)
attached to a Yanako P10-RE Mark II head, a platinum-wire,
and a Ag/Ag* electrode (Ag/0.01 mol dm3 AgNOs) were used
as the working, auxiliary, and reference electrodes, respectively.
The oxidation wave of ferrocene was observed at +0.08 V vs.
Ag/Ag*.

Table 1. Positional Parameters (X10%) and Equivalent Isotropic Temperature Factors of [Co(dtc)(dmope),](BF.),
Atom x y z Bey/ A2 Atom x y z Beg/ A2
Co 3539(1) 4038.4(4) 3806(1) 2.6 C(13) 2313(4) 3348(5) 1867(4) 4.0
S(1) 3278(1) 5474(1) 4675(1) 3.4 C(21) 4839(4) 3481(5) 1930(5) 4.6
S(2) 3795(1) 5452(1) 2946(1) 3.4 C(22) 4265(3) 896(4) 2665(6) 4.8
P(1) 2360(1) 4096(1) 2966(1) 3.3 C(23) 2776(4) 2362(6) 2074(5) 49
P(2) 3722(1) 2844(1) 2786(1) 3.2 Cc@31) 2869(8) 816(7) 4909(8) 8.9
P@3) 3345(1) 2838(1) 4840(1) 3.2 C(32) 2175(5) 3401(11)  5645(7) 8.4
P(4) 4709(1) 4084(1) 4627(1) 3.2 C(33) 4216(3) 2437(5) 5492(4) 3.7
o(11) 1986(2) 5174(4) 2637(3) 4.7 C(41) 5499(4) 5853(7) 4425(8) 6.8
0(12) 1784(2) 3494(4) 3488(3) 4.2 C(42) 6007(4) 3114(9) 4564(7) 6.8
oQ21) 4074(2) 3220(4) 1901(3) 4.2 C(43) 4715(4) 3485(6) 5767(5) 5.2
0(22) 4186(2) 1839(3) 3251(3) 4.0 B(1) 1831(6) 9783(11)  2153(6) 6.8
0o@31) 2902(3) 1844(3) 4399(3) 4.4 B(2) 5269(4) 291(5) 318(6) 42
0(32) 2992(3) 3254(4) 5651(3) 4.9 F(11) 2535(3) 9865(7) 2271(10)  13.8
0@41) 5073(2) 5197(3) 5007(3) 44 F(12) 1536(4) 8829(5) 1816(7) 11.4
0(42) 5261(2) 3499(4) 4106(4) 5.1 F(13) 1333(5) 10527(7) 2260(8) 12.8
N(D) 3533(8) 7284(3) 3804(11) 4.3 F(14) 1714(10)  10266(15) 1445(8) 19.7
c) 3512(7) 6237(3) 3820(10) 3.3 F(21) 4652(5) 171(6) —257(6) 12.1
C(2) 3718(6) 7889(5) 3023(6) 6.2 F(22) 5658(7) —187(10) —112(10) 16.2
C(3) 3279(5) 7900(5) 4563(6) 5.7 F(23) 5404(10) 1186(12) 11322)  26.2
C(11) 1537(5) 5912(6) 3048(5) 5.5 F(24) 4969(9) —94(10) 1111(10)  17.2
C(12) 991(4) 3307(8) 3043(8) 7.3
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Table 2. Positional Parameters (X104) and Equivalent Isotropic Temperature Factors of [Co(dtc)(dmpe).](BF4):

Atom x y z Beq/ A2 Atom x ¥ z Beg/ A2
Co 4453.9(3)  4077.0(5)  2482.2(4) 2.3 CQ) 6360(3) 7347(6) 1780(4) 5.6
S(1) 5054(1) 5548(1) 1594(1) 3.1 C(3) 6715(3) 6359(7) 3280(4) 5.7
S(2) 5404(1) 4632(1) 3369(1) 3.3 C(4) 3627(3) 5571(5) 4382(4) 4.6
P(1) 3878(1) 5742(1) 3181(1) 3.0 c(5) 4295(3) 7329(5) 3206(4) 4.7
P(2) 3512(1) 3980(1) 1549(1) 2.9 C(6) 3054(3) 6071(5) 2551(4) 43
P(3) 5114(1) 2516(1) 1784(1) 3.2 c(7) 2781(2)  4847(5) 2104(4) 4.1
P(4) 4101(1) 2504(1) 3441(1) 2.9 C(8) 3637(3)  4833(5) 476(3) 3.9
F(1) 4072(2)  —531(4) 5128(3) 8.9 C(9) 3097(3) 2476(5) 1184(4) 4.9
F(2) 3448(2)  —1688(5) 6119(3) 9.4 C(10) 4909(3) © 2072(6) 584(4) 49
F(3) 29733)  —941(6) 4817(4) 10.8 c(11) 6063(3) 2752(6) 1706(4) 5.0
F(4) 3237(3) 394(6) 5933(4) 12.9 C(12) 5042(3) 1023(5) 2459(4) 4.8
F(5) 3116(3) 7808(4) 503(3) 10.9 C(13) 4333(3) 936(5) 2932(4) 4.4
F(6) 3310(3) 9756(4) —44(3) 8.9 C(14) 4565(3) 2506(5) 4536(3) 4.1
F(7) 2853(3) 9480(4) 1361(4) 10.7 C(15) 3186(3) 2255(6) 3797(4) 5.0
F(8) 3937(3) 9068(7) 1100(3) 12.1 B(1) 3448(3) —677(7) 5536(5) 4.9
N 6209(2) 6402(4) 2505(3) 4.2 B(2) 3313(4) 9022(6) 724(5) 4.9
(1) 5646(2) 5647(4) 2490(3) 3.2
Cc12
Results and Discussion ci
. 6
In a previous paper,® [Co(dtc)(dmpe).](BF.). and O o1 o12

[Co(dtc)(dmpe)]BFs were isolated in yields of 17 and
14%, respectively, from the product resulted by oxidation

of a methanol solution containing Co(BF4),*6H,O and Pi
dmpe with bis(dimethylthiocarbamoyl) disulfide Cc3
((CH3);NC(S)S-)). A similar reaction with dmope, in Q-
place of dmpe yielded only [Co(dtc)(dmope):](BF.), in C

poor yield (9.9%) other than [Co(dtc);] and [ Co(dmope);J**. P Nl
Disproportionation might occur in this reaction. The Cc=2

[Co(dtc)(dmope)]* complex was obtained by reaction of
[Co(dtc)s] with dmope in a mixture of CH,Cl, and

pal I
CH3OH in the presence of active charcoal, but the yield Qf) /C\
o

S2

was very poor (2.3%). Several attempts for more

efficient synthesis of these mixed complexes were un- “
successful. The [Co(dtc)2(dmope)]BFs and [Co(dtc)- C41
(dmope);](BF.); complexes are stable both in the solid 0042
state and solution.
Figures 1 and 2 show the structures of complex ions of Fig. 1. A perspective view of [Co(dtc)(dmope).]**.

1and 2, respectively. The bond distances and angles are
listed in Tables 3 and 4. The Co atoms in both
complexes are octahedrally coordinated by four P and
two S atoms. Both dmope and dmpe chelate rings take
a nearly typical gauche conformation, and the average
torsion (P-C-C-P) and chelate (P-Co-P) angles are 53.1
(5)° and 85.3(1)° in 1, and 43.9(4)° and 85.54(5)° in 2,
respectively. The chelate structure of dmpe in 2 is very
similar to those in [Co(O;)(dmpe):]* 1© and [Co(en),-
(dmpe)]** (en=NH,CH,CH;NH:).!» The Co-P
distances are fairly different between 1 and 2. The
distances in 1, 2.226(3) A (av, trans to P) and 2.186(3) A
(av, trans to S) are shorter by ca. 0.05A than the
corresponding distances in 2, 2.278(1) A (av, trans to P)
and 2.240(1) A (av, trans to S). The differences in Co-
P distance between 1 and 2 may be attributed to the
difference in bulkiness of donor groups of dmope and C10

dmpe. The bulkiness estimated by the cone angle is Fig. 2. A perspective view of [Co(dtc)(dmpe)a]>*.
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Table 3. Bond Distances (//A) and Angles (¢/°) of [Co(dtc)(dmope):](BF4)2
Co-S(1) 2.298(2)  Co-S(2) 2.265(2) P(2)-Co-P(3) 93.26(9) P(2)-Co-P(4) 96.86(9)
Co-P(1) 2.237(2) Co-P(2) 2.172(2) P(3)-Co-P(4) 85.519) Co-S(1)-C(1) 86.2(5)
Co-P(3) 2.1992) Co-P(4) 2.214(2) Co-S(2)-C(1) 85.5(5) Co-P(1)-0O(11) 120.6(2)
S(1)-C(1) 1.683(15) S(2)-C(1) 1.757(15)  Co-P(1)-0(12) 112.0(2) Co-P(1)-C(13) 109.0(2)
P(1)-0(11) 1.544(5)  P(1)-0(12) 1.597(5) O(11)-P(1)-0O(12) 105.6(3) O(11)-P(1)-C(13) 103.9(3)
P(1)-C(13) 1.831(7)  P(2)-0(21) 1.613(5) 0(12)-P(1)-C(13) 104.4(3) Co-P(2)-0(21) 118.5(2)
P(2)-0(22) 1.587(5) P(2)-C(23) 1.912(8) Co-P(2)-0(22) 113.7(2) Co-P(2)-C(23) 109.8(3)
P(3)-0(31) 1.549(5)  P(3)-0(32) 1.536(5) OQ21)-P(2)-0(22) 107.8(3) OQ21)-P(2)-C(23)  97.1(3)
P(3)-C(33) 1.742(6)  P(4)-0(41) 1.593(5) 0(22)-P(2)-C(23) 108.6(3) Co-P(3)-0(31) 114.3(2)
P(4)-0(42) 1.554(5) P4)-C(43) 1.807(8) Co-P(3)-0(32) 115.8(2) Co-P(3)-C(33) 108.2(2)
O(11)-C(11) 1.438(10) O(12)-C(12) 1.473(13)  O(31)-P(3)-0(32) 109.0(3) O@B1)-P(3)-C(33) 109.2(2)
O@21)-C(21) 1.418(9)  0(22)-C(22) 1.477(9) 0(32)-P(3)-C(33)  99.1(3) Co-P(4)-0(41) 119.5(2)
O(31H)-C(31) 1.491(16) 0O(32)-C(32) 1.493(15) Co-P(4)-0(42) 111.8(2) Co-P(4)-C(43) 107.8(3)
0(41)-C(41) 1.498(12) 0O(42)-C(42) 1.462(12) O(41)-P(4)-0O(42) 108.4(3) 0@41)-P(4)-C43)  97.2(3)
N(1)-C(1) 1.313(21) N(1)-C(2) 1.455(19) 0(42)-P(4)-C(43) 111.1(3) P(1)-O(11)-C(11) 133.4(5)
N(1)-C(@3) 1.483(18) C(13)-C(23) 1.490(10) P(1)-0(12)-C(12) 123.0(6) P(2)-0(21)-C(21)  125.9(4)
C(33)-C(43) 1.599(10) P(2)-0(22)-C(22) 119.8(4) P(3)-0(31)-C(31) 124.1(7)
P(3)-0(32)-C(32) 127.2(7) P(4)-0(41)-C(41)  120.9(5)
S(1)-Co-S(2)  76.99(8) S(1)-Co-P(1)  89.50(9) P(4)-0(42)-C(42)  124.4(6) C(1)-N(1)-C(2) 123.1(14)
S(1)-Co-P(2) 170.7(1) S(1)-Co-P(3) 94.91(9) C(1)-N(1D)-C(3) 119.5(13) C(2)-N(1)-C(3) 117.1(12)
S(1)-Co-P(4) 88.18(9) S(2)-Co-P(1) 87.57(9) S(1)-C(1)-S(2) 111.3(8) S(1)-C(1)-N(1) 126.3(12)
S(2)-Co-P(2) 95.20(9) S(2)-Co-P(3) 170.7(1) S(2)-C(1)-N(1) 122.3(12)  P(1)-C(13)-C(23) 109.0(5)
S(2)-Co-P(4) 89.57(9) P(1)-Co-P(2) 85.12(9) P(2)-C(23)-C(13)  104.7(5) P(3)-C(33)-C(43) 107.7(5)
P(1)-Co-P(3) 97.08(9) P(1)-Co-P(4) 176.7(1) P(4)-C(43)-C(33) 102.5(5)
Table 4. Bond Distances (//A) and Angles (¢/°) of [Co(dtc)(dmpe),](BF4)2
Co-S(1) 2.293(1) Co-S(2) 2.283(1) P(2)-Co-P(3) 98.03(5) P(2)-Co-P(4) 94.05(5)
Co-P(1) 2.276(1) Co-P(2) 2.239(1) P(3)-Co-P(4) 85.74(5) Co-S(1)-C(1) 86.6(2)
Co-P(3) 2.279(1) Co-P#4) 2.240(1) Co-S(2)-C(1) 87.1(2) Co-P(1)-C(4) 118.6(2)
S(1)-C(1) 1.717(5)  S(2)-C(1) L.711(5) Co-P(1)-C(5) 118.7(2) Co-P(1)-C(6) 109.1(2)
P(1)-C(4) 1.811(5) P(1)-C(5) 1.820(5) C4)-P(1)-C(5) 100.7(3) C(4)-P(1)-C(6) 105.6(3)
P(1)-C(6) 1.839(5) P(2)-C(7) 1.838(5) C(5)-P(1)-C(6) 102.3(3) Co-P(2)-C(7) 108.5(2)
P(2)-C(8) 1.800(5) P(2)-C(9) 1.820(6) Co-P(2)-C(8) 113.1(2) Co-P(2)-C(9) 123.9(2)
P(3)-C(10) 1.836(6) P(3)-C(11) 1.820(6) C(7)-P(2)-C(8) 103.8(2) C(7)-P(2)-C(9) 102.5(2)
P(3)-C(12) 1.831(5) P(4)-C(13) 1.833(5) C(8)-P(2)-C(9) 103.0(3) Co-P(3)-C(10) 118.7(2)
P(4)-C(14) 1.809(5) P(4)-C(15) 1.829(5) Co-P(3)-C(11) 118.5(2) Co-P(3)-C(12) 108.6(2)
N(1)-C(1) 1.324(6) N(1)-C(2) 1.462(8) C(10)-P(3)-O(11)  100.6(3) C(10)-P(3)-C(12) 106.1(3)
N(1)-C(3) 1.475(7)  C(6)-C(7) 1.511(8) C(11)-P(3)-C(12) 102.8(3) Co-P(4)-C(13) 108.7(2)
C(12)-C(13) 1.513(8) Co-P(4)-C(14) 113.3(2) Co-P(4)-C(15) 124.1(2)
C(13)-P(4)-C(14)  103.7(2) C(13)-P(4)-C(15) 102.5(3)
S(1)-Co-S(2) 75.91(4) S(1)-Co-P(1)  89.21(5) C(14)-P(4)-C(15) 102.3(3) C(1)-N(1)-C(2) 122.83(4)
S(1)-Co-P(2)  95.04(5) S(1)-Co-P(3)  86.99(5) C(1)-N(1)-C(3) 121.2(4) C(2)-N(1)-C(3) 116.0(4)
S(1)-Co-P(4) 167.64(5) S(2)-Co-P(1)  86.55(5) S(1)-C(1)-S(2) 110.4(2) S(1)-C(1)-N(1) 125.1(4)
S(2)-Co-P(2) 167.92(5) S(2)-Co-P(3)  89.57(5) S(2)-C(1)-N(1) 124.6(4) P(1)-C(6)-C(7) 110.4(4)
S(2)-Co-P(4)  94.05(5) P(1)-Co-P(2) 85.33(5) P(2)-C(7)-C(6) 109.6(3) P(3)-C(12)-C(13) 111.0(4)
P(1)-Co-P(3) 175.13(5) P(1)-Co-P(4) 94.05(5) P(4)-C(13)-C(12)  110.1(4)

100° for dmope and 107° for dmpe. The less bulky
ligand could come close to the Co(I1l) ion to form shorter
Co-P bonds than those formed with dmpe. The dmope
ligand will be sterically more favorable than dmpe. For
the related complexes, Marzilli et al.? have reported that
the Co-P distances in trans-{ Co(X)(dmgH){(P(CsHs)3-»-
(OCH3),}] (X=Cl, CHs; n=0, 1, 2, 3) become shorter
progressively by replacing the bulky C¢Hs group with the
small OCH3; one.

The Co-S distances are similar in 1 (av, 2.282(2) A) and
2 (av, 2.288(1)A). These distances are similar to
that trans to P in [Co(S:COC:Hs):(dmpe)]* (2.290
(2) A),!» but fairly longer than that trans to S in this

dmpe complex (av. 2.255(1) A) and those in [Co(dtc)s]
(av, 2.264(2) A)1» and [Co(dtc)(en),]>* (2.263(3) A).1
Thus trans influences of dmope and dmpe are larger than
those of the sulfur ligands, and these phosphorus donor
ligands exert influence to a similar extent on the Co(I1I)
ion. In1 and 2 the longer distances of the Co-P bonds
trans to P than those trans to S are attributable to the
mutual effect of two trans labilizing phosphorus donor
atoms in the trans positions.

The absorption and MCD spectra of [ Co(dtc)(P-P)]*
and [Co(dtc)(P-P).J** (P-P=dmope and dmpe) are given
in Figs. 3 and 4, respectively. Figure 5 shows the
absorption and MCD spectra of [Co(dtc)s] and
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Fig. 3. Absorption and MCD spectra of [Co(dtc),- (---) in CH,CN solutions.

(dmpe)]BF; (—) and [Co(dtc)(dmope)]PFs (=-=) in
CH;CN solutions.

[Co(dmope)s]**. Table 5 lists the spectral data of these
complexes. The mixed ligand complexes show a few = o
broad ligand field bands in the absorption spectra. The B
MCD spectra were taken for estimating peak positions of .,—5
the broad bands and that of the related [Co(dmope);]** g 3
complexes. The dmope complexes show absorption i~
and MCD spectra similar to those of the corresponding =
dmpe complexes, except that the spectra in the ligand
field band region of the dmope complexes are shifted to 2=
the higher energy than those of the dmpe complexes. It 0.5
is known that the ligand field strength of P(OR); is _
stronger than that of PR;.)  The ligand field strength of s .
dmope is also stronger than that of dmpe, and the result 5 \
is consistent with the data of X-ray analysis that the Co- Tg ! —-0.01
P bond is shorter than that in 2. g X110 i
The first d-d bands of [Co(dtc)(dmope)}r (cis- & x ! —{-0.02
[CoS.4P;]-type) and [Co(dtc)(dmope).]** (cis-[CoS;P4]- -1.0]—
type) are expected to split into two components. The 10 zé ;O 4!)
split components can be estimated from the observed o103 ™!
band energies of [Co(dtc)s] and [Co(dmope);]** on the ) .
basis of the Yamatera rule.! The MCD peaks at 16050 Fig. 5. Ab;orpélOIzl and M(li)ll): Speara) ofin[CCo%ité)f\}
and 30300cmr of [Co(dtc)s] and [Co(dmope)s]*, o ind [Co(dmope)s)(PEe)s (- :

were used for the band energies respectively. The
calculated values of 19600 and 23200 cm™! for [Co(dtc),-
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Table 5. Absorption and MCD Spectral Data of [Co(dtc)s-(dmope or dmpe),Jr* (n=0—3) Complexes?
log &)”
Complex _o(oge)”
g (AEM)b)
[Co(dtc)s] 15.5 (2.86), 21.1 (2.82), 26.0 (3.96)*, 28.1 (4.10)*", 31.3 (4.35)
MCD 16.0 (—0.11), 20.6 (—0.06), 24.1 (+0.32), 27.0 (1+3.35), 28.7 (—1.96)

[Co(dtc).(dmope)}PFs
MCD

[Co(dtc)(dmope)2](BF.)2
MCD

[Co(dmope)s](PFs)s
MCD

[Co(dtc)2(dmpe)]BF.
MCD

[Co(dtc)(dmpe).](BF.)2
MCD

22.0 (3.16), 24.4 (3.42), 30.0 (4.11)™, 34.5 (4.47), 37.8 (4.39)
19.0 (+0.09), 22.0 (—0.08), 24.7 (—0.11), 29.0 (+1.28), 33.0 (—1.31)

24.5 (2.86), 27.3 (3.28), 35.0 (4.38), 40.7 (4.33)
23.5 (+0.09), 28.2 (—0.29), 33.3 (+2.36)

32.5 (3.42)", 40.0 (4.55)
30.3 (+0.02)

20.7 (2.92), 25.2 (3.30)*", 29.2 (4.06)*, 33.2 (4.40)
17.7 (+0.03), 20.6 (—0.10), 24.1 (—0.14), 30.8 (+2.32), 35.7 (+0.31), 38.5 (—2.22)

22.7 (2.84)*, 25.2 (3.00), 29.5 (3.65)h, 33.4 (4.43)
21.5 (+0.01), 25.6 (—0.11), 30.8 (+1.73)

3047

sh: shoulder.
mol-! dm3 cm™! T-! units.

a) All data were obtained in CH3CN solution.

b) o, ¢, and Aey are 103 cm™!, mol! dm3 cm™!, and

Table 6. Electrochemical Data Obtained by Means of RDE Measurements®

Reduction Oxidation
Complex E> (red) [1—-3» i/ C9 E> (ox) B3—1» i/ CY
\% mV A mmol! \% mV A mmol!

[Co(dtc)s] —1.44 95 72 0.56 55 78
[Co(dtc)(dmope)]PFs —1.24 60 80 1.09 50 114
[Co(dtc)(dmope).](BF4)2 —1.11 90 118 1.62 50 68
[Co(dmope);](PFs)s —1.26 110 118 d)

[Co(dtc)(dmpe)]BF.4 —1.38 55 63 0.97 60 112
[Co(dtc)(dmpe)2](BF4)2 —1.10 55 65 1.54 50 112

a) The measurements were carried out on CH3CN solutions ([Co]: 1.0X10-? mol dm™3, 0.1 mol dm= BusNBF4). b)[1—3]or

[3—1] means a difference between the potential values at i=1/4(i)) and 3/4(i1).
d) The value is more positive than the voltage limit of CH3CN (ca. +1.8 V).

concentration.

(dmope)]* are assignable to the MCD peaks at 19000 and
22000 cm™!, respectively. These two components are
not apparently observed in the absorption spectra. For
[Co(dtc)(dmope).]**, the calculated values are 23200 and
26700 cm™!. The former value would correspond to the
MCD peak at 23500 cm™, but the latter one seems to be
small to assign the MCD peak at 28200cm™. In a
previous paper,® the absorption band at 25200 cm™
(MCD: 25500 cm™) of [Co(dtc)(dmpe):]**, which may
correspond to the absorption band at 27300 cm™ of
[Co(dtc)(dmope),J**, was assigned to the second d-d
band on the basis of the Angular Overlap Model
treatment. No indication of the presence of bands or
peaks is observed in the energy region estimated for the
other split component in the spectra of both [Co(dtc)-
(dmope),]** and [Co(dtc)(dmpe).]**. Further studies
are needed to make clear the ligand field bands of this
type of complexes.

Table 6 lists the electrochemical data of [Co(dtc)s..-
(dmope).J* (=0, 1, 2, 3,) and [Co(dtc)s..(dmpe).J**
(n=1, 2). Representative RDE and cyclic voltammo-

c) The limiting current value per the

grams are shown in Fig. 6. The reduction potentials
(E1/2(red)) of these complexes change a little, while the
oxidation potentials (E;»(0x)) increase fairly largely by
replacing dtc with dmope or dmpe in the complexes. A
large part of the increase in Ej »(0x) may be attributed to
the increase in positive charge of the complex resulted by
replacement of a negative ligand with a neutral one.!®
The E;2(0x) values of the dmope complexes are larger
than those of the corresponding dmpe complexes,
although the differences are small. The HOMO levels
of the present Co(III) complexes will be filled (dm)s
orbitals, and their energies will be closely related to the
Eix(0x) (Co(IIT)/ Co(IV)) values.’®) The larger Ei;2(0X)
values of the dmope complexes may indicate that the
energy levels of their dn orbitals are lower than those of
the dmpe complexes. The lower energy of the dm
orbitals would suggest more stabilization of these
orbitals by interactions with vacant n-type orbitals of P
donors or less destabilization by interactions with filled
n-type orbitals of P donors.® However, no detailed
discussion can be given for the small differences in
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Fig. 6. RDE (bottom) and cyclic (upper) voltammo-
grams of [Co(dtc)(dmpe):](BF4).. The CV measure-
ment was carried out at a scan rate, 200 mV s™! and
other conditions are the same as those for RDE
measurements.

[Vol. 65, No. 11
Ei;»(0x) at present.

This work was supported by a Grant-in-Aid for
Scientific Research No. 03453047 from the Ministry of
Education, Science and Culture. We wish to thank the
Institute for Molecular Science (Okazaki) for the use of
X-ray measurement and computation facilities.

References

1) V. H. Houlding and V. M. Miskowski, Inorg. Chem., 23,
4671 (1984).

2) N. B. Bresciani-Pahor, M. Forcolin, L. G. Marzilli, L.
Randaccio, M. F. Summers, and P. J. Toscano, Coord. Chem.
Rev., 63, 1 (1985).

3) C. A. McAullife and W. Levason, “Phosphine, Arsine,
and Stibine Complexes of Transition Elements,” Elsevier,
Amsterdam (1979), p. 68.

4) J. E. Huheey, “Inorganic Chemistry,” 3rd ed, Happer
and Row, New York (1983), p. 436.

5) C. A. Tolman, Chem. Rev., 77, 313 (1977).

6) M. Kita, A. Okuyama, K. Kashiwabara, and J. Fujita,
Bull. Chem. Soc. Jpn., 63, 1994 (1990).

7) S. E. Kegley, D. T. Bergstrom, L. S. Crocker, E. P.
Edward, W. G. Berndt, and A. L. Rheingold, Organometallics,
10, 567 (1991).

8) R. B. King and W. M. Rhee, Inorg. Chem., 17, 2961
(1978).

9) T. Sakurai and K. Kobayashi, Rikagaku Kenkyusho
Hokoku, 55, 69 (1979).

10) T. Ohishi, K. Kashiwabara, J. Fujita, S. Ohba, T. Ishii,
and Y. Saito, Bull. Chem. Soc. Jpn., 59, 385 (1986).

11) S. Ohba, Y. Saito, T. Ohishi, K. Kashiwabara, and J.
Fujita, Acta Crystallogr., Sect. C, 39, 49 (1983).

12) S. Ohba, M. Ito, Y. Saito, and T. Ishii, Acta Crystallogr.,
Sect. C, 39, 997 (1983).

13) H. Iwasaki and K. Kobayashi, Acta Crystallogr., Sect. B,
36, 1657 (1980).

14) M. Kita, K. Yamanari, and Y. Shimura, Bull. Chem. Soc.
Jpn., 62, 23 (1989).

15) H. Yamatera, Bull. Chem. Soc. Jpn., 31, 951 (1958).

16) M. Okuno, M. Kita, K. Kashiwabara, and J. Fujita,
Chem. Lett., 1989, 1643.




