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Synopsis. The title compound has been prepared and
the crystal structure determined by the X-ray diffraction
method. The complex ion is the trans(P, N) isomer, where
one of the N atoms of (2-aminoethyl)dimethylphosphine
(edmp) occupies the position trans to the P atom of the
other edmp ligand.

In the course of our preparative studies!-? of the se-
ries-complexes [Co(en)x(edmp),(dmpe).]3+(x+y+z=
3), where en, edmp, and dmpe denote ethylenediamine,
(2-aminoethyl)dimethylphosphine, and 1,2-bis(dimethyl-
phosphino)ethane, respectively, we have obtained [Co-
(edmp)z(dmpe)]Brz-2H20 by the reaction of trans-
[CoClz(edmp)2]C104 with dmpe. There are three pos-
sible geometrical isomers of the complex ion (Fig. 1).
In order to determine the geometrical configuration,
crystals of the complex have been subjected to X-ray
structure analysis.
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Experimental

Preparation of the Complex. To an oxygen-free
methanol solution (50 cm3) of trans-[CoClz(edmp)2]C1O4?
(205 mg, 0.467 mmol) was added dropwise an oxygen-free
methanol solution (50 cm3) of dmpe? (70 mg, 0.467 mmol)
with stirring under an atmosphere of nitrogen at room
temperature. After 12 h the resulting yellow solution was
filtered to remove yellow precipitate of fac-[Co(edmp)3]X3
(X=CI- or ClO4").Y The filtrate was diluted with water (1
dm?3) and poured on a column (¢ 3X120 cm) of SP-Sephadex
C-25. The adsorbed product was eluted with 0.2 mol dm—3
NaCl, giving two main yellow bands with several minor
ones. The complex of the second main band was fac-[Co-
(edmp)3]P+. The eluate of the first main band was evapo-
rated to dryness under reduced pressure, and the complex
was extracted with a small amount of methanol. The ex-
tract was diluted several times with water and rechromato-
graphed in a similar manner using a small column (¢ 1X
10 cm) and 1 moldm=3 NaBr. The yellow eluate was con-
centrated to a small volume in a desiccator over P4Oqo to
yield orange yellow crystals. Yield: 13 mg (4%). Most of the
reaction product was fac-[Co(edmp)s]**. Found: C, 24.32; H,
6.11, N, 4.07%. Calcd for C14H44N2zBrsCoOP2=[Co(edmp)e-

(dmpe)]Brs.2H20: C, 24.19; H, 6.38; N, 4.03%. The complex
is soluble in water and alcohols, but insoluble in nonpolar
solvents such as chloroform.

Crystal Structure Determination. Crystals are prismatic
b. Crystal data are; monoclinic, P2;/a, a=16.380(5), b=
19.845(6), c=9.538(3) A, B=122.34(2)°, V'=2619.4(14) A3,
Z=4, D,=1.76, Dn=1.76(2) Mg m—3, MW=695.1, A(Mo Ka)=
0.70926 A, u=5.44 mm-1. The intensity measurements were
performed to 20=60° (+h, —k, 1 set) on a Rigaku AFC-5
four-circle diffractometer with Mo Kea radiation monochro-
mated by a graphite plate and with a crystal of 0.2X0.2X0.2 mm3
in dimensions. 6613 reflections were measured and 3299
unique ones were obtained. Lorentz, polarization and
absorption corrections were applied.¥ The structure was
solved by direct methods with MULTANY78.9 Starting with
the positions of the Co and three Br atoms those of the other
non-H atoms were determined from electron-density maps
and refined by block-diagonal least squares with anisotropic
thermal parameters using UNICS III computation program
system.® The psitions of all the H atoms were calculated
except those of water molecules and not refined. Final R was
0.071, wR=0.071, $=2.2 for 3299 unique reflections. Com-
plex neutral-atom scattering factors were taken from Interna-
tional Tables for X-Ray Crystallography.”

Results and Discussion

Final atomic parameters of non-H atoms are pres-
ented in Table 1 and a perspective drawing of the com-
plex cation in Fig. 2.8 This is the trans(P, N) isomer.
Bond lengths and bond angles are listed in Table 2.

TABLE 1. FRACTIONAL COORDINATES AND ISOTROPIC
TEMPERATURE FACTORS

Atom x > z B, /A2
Co 0.2848(1) 0.12353(6) 0.5100(2) 1.2
Br(1) 0.4545(1) 0.12588(7) 0.2550(2) 3.3
Br(2) 0.2767(1) 0.36314(7) 0.0084(2) 3.6
Br(3) 0.4928(1) 0.38548(6) 0.7407(2) 2.9
P(1) 0.1218(2) 0.1358(1) 0.3250(3) 1.7
P(2) 0.2646(2) 0.0326(1) 0.6282(4) 1.7
P(3) 0.2833(2) 0.1996(1) 0.6868(3) 1.6
P(4) 0.4490(2) 0.1314(1) 0.6904(3) 1.6
N(1) 0.2951(6) 0.1915(4) 0.3588(10) 1.7
N(2) 0.2996(6) 0.0544(4) 0.3642(10) 1.8
c(1) 0.1195(7) 0.2023(5) 0.1905(13) 2.0
c(2) 0.2084(9) 0.1964(6) 0.1848(13) 2.8
c(3) 0.2657(10) -0.0354(6) 0.5002(17) 3.4
c(4) 0.3180(11) -0.0163(6) 0.4210(16) 3.8
c(5) 0.4078(8) 0.2200(6) 0.8549(13) 2.5
c(6) 0.4742(8) 0.1593(6) 0.8919(13) 2.2
c(7) 0.0367(8) 0.1622(6) 0.3793(15) 2.9
c(8) 0.0555(8) 0.0675(6) 0.1827(13) 2.7
c(9) 0.1525(8) 0.0187(6) 0.6167(13) 2.3
c(10) 0.3524(9) 0.0062(6) 0.8391(15) 3.5
c(11) 0.2344(8) 0.2820(5) 0.6042(14) 2.4
c(12) 0.2267(8) 0.1778(6) 0.7990(14) 2.2
c(13) 0.5075(8) 0.1983(6) 0.6446(13) 2.6
c(14) 0.5279(8) 0.0601(6) 0.7265(14) 2.6
0(1) 0.3168(6) 0.3355(4) 0.3766(10) 3.4
0(2) 0.1867(7) 0.0267(5) 0.0090(10) 4.3
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Fig. 22 An ORTEP drawing of the complex cation
with thermal ellipsoids scaled at the 509, probability
level.? H atoms are represented by circles of radius

0.08 A.

TaBLe 2. Bonp LENGTHS (I/A) AND ANGLES (¢/°)
AND THEIR ESTIMATED STANDARD DEVIATIONS

Co -P(1) 2.294( 3) P(3) -C(5) 1.843(10
Co -P(2) 2.245( 4) P(3) -c(11) 1.806(10
Co -P(3) 2.273( 4) P§3) -c(12) 1.803(17
Co -P(4) 2.295( 3) P(4) -c(6) 1.823(13
Co -N(1 2.047(10) P(4) -€(13) 1.822(14
Co -N(2 2.058(10) P(4) -c(14) 1.820(13
P(1 -C(1) 1.827(12 N(1) -c(2) 1.503(11
P(1 -C(7) 1.804(17 N(2) -c(4) 1.476(14
P(1 -c(8 1.811(11 c(1) -c(2) 1.49 ( 2
P(2) -C(3 1.827(16 C(3) -C(4) 1.46 ( 3
P(2) -c(9) 1.801(15 c(5) -c(s) 1.83 (2
p(2) -c(10) 1.815(11

P(1) -Co  -P(2) 92.7( 1) c(3) -p(2) -c(9) 102.7( 7
P(1) -Co  -P(3 91.7( 1) c(3) -p(2) -c(10) 104.0( 6
P(1) -Co -P(4 169.9( 1 c(9) -p(2) -c(10) 101.6( 6
P(1) -Co  -N(1 83.6( 3 Co  -P(3) -cC(S) 110.2( 3
P(1) -Co  -N(2 93.5( 3 Co -P(3) -c(11) 1nz7.( 3
P(2) -Co -P(3 95.6§ 1 Co  -P(3) -c(12) 119.6( &
P(2) -Co -P(4 96.1( 1) C{S) -P(3) -c(11) 101.9( 4
P(2) -Co -N(1 166.9{ 3 c(5) -P(3 -C(IZ; 102.6( 6
P(2) -Co  -N(2 84.6( 3 C(ll)-P{S -C(12 103.2( 6
P(3) -Co -P(4 82.7( 1 Co -P(4) -c(s6) 108.9( 4
P(3) -Co -N(1 97.1( 3 Co -P(4) -c(13) 115.2( 5
P(3) -Co  -N(2 174.8( 3 Co -P(4 -C(l4; 121.25 4
P(4) -Co -N(1) 88.7( 3 c(6) -p(4) -C(13 100.3( 6
P(4) -Co  -N(2 92.1( 3 6) -P(4) -Cc(14) 107.4( 6
N(1) -Co  -N(2 83.1( 4 c(13)-pP(4) -c(14) 101.6( 6
Co -P(1) -C(1 101.2( 4 Co -N(1) -C(2) 115.82 6
Co -P(1) -C(7 124.7( 6 Co  -N(2) -c(4) 117.4( 8
Co -P(1) -c(8 118.8( 4 P(1) -c(1) -c(2) 108.4( 8
C l; -P(1) -c(7 105.2( 6 N(1) -C(2) -c(1) 109.2(11
c(1 -P(l{ -c(8 103.6( 6 P(2) -c(3) -c(4) 111.8511
c(7) -p(1) -c(s8 100.8( 6 N(2) -c(4) -C(3 112.0(14
Co -P(2) ~Ci3 101.6( 5 (4 3; -C(5) -c(6 110.3( 8
Co -P(2) -c(9 120.8( 6 P(4) -c(6) -c(s 105.3( 7
Co -P(2) -c(10) 123.1( 4

Bond length of Co-P(l) is longer than Co-P(2) by
0.049(4) A, indicating trans influence of the ligating P
atoms. A difference of 0.022(4) A is also found in the
bond distances between Co and P atoms of the dmpe
ligand, which may be less meaningful since two Co-P
bond lengths in [Co(en)z(dmpe)]3* differ by 0.016(3)
A1®  The five-membered chelate ring formed by
the dmpe ligand takes an envelope conformation as
shown in Fig. 3. Conformation of the same ligand in
[Co(en)z(dmpe)]3+ is a twisted (gauche) one. The asym-
metry of the ring conformation may be caused to release
the steric repulsion between two methyl groups, C(9)
and C(12)[3.49(2) A]. The methyl C(13)atom isin close
contact with the N(1) atom [3.07(1) A).

In the trans(P, P) isomer, in which the positions of
P(1) and N(1) atoms are interchanged, the steric interac-
tions between methyl groups C(9) and C(12) and
between C(13) and C(7’) will render the complex unsta-
ble. The trans(N, N) isomer will also be unstable since
it has two pairs of mutually trans P donating atoms as
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Fig. 3. The dmpe ligand viewed along the line through
the Co atom and the midpoint of P(3)-P(4) axis.

exemplified by the elongation of the Co-P(1) bond.
This the trans(P, N) isomer will be the most stable
among the isomers from both steric and electronic
factors.

The complex in aqueous solution shows an absorp-
tion spectrum very similar to that of [Co(en)(dmpe)z]+2
giving the d-d bands at 24150 cm™! (log £=2.79) and ca.
29000 cm~1(log €=2.7, shoulder), and the Co-P charge
transfer band at 36900 cm—!(log £€=4.42). The ther-
mal stability is also similar to that of [Co(en)(dmpe)z]3+;
the complex in water or other solvents is stable at
room temperature, but decomposes slowly on heat-
ing. The complex in water in the presence of excess
NaCl changes to trans-[CoClz(edmp or dmpe)z]*
and a small amount of Co(II) species by heating at 60—
70 °C for several hours.

This work was supported by the research grant of the
Takeda Science Foundation.
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