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Some cobalt(III) complexes with Co—C o-bond have been prepared by photodecarboxylation reactions
of the complexes containing ethylenediamine- N, N’-dipropionate (eddp) or its analogs. The crystal structure
of a-[Co(Mezeedmp-C,N,N',O)(en)]+ (Mezeedmp: _CHQCH2N(CH3)(CH2)2N(CH3)(CH2)2COO_), which is
the photolysis product of a-[Co(Mezeddp)(en)]™ (Mezeddp: {CH2N(CH3)(CHz2)2COO™}2), was determined
by the X-ray diffraction method. The crystal is monoclinic, space group P2:/n, a=9.013(2), b=13.420(1),
c=14.754(4) A, B=92.75(1)°, V=1782.5(6) A%, Z=4, and R=0.038. The coordination of C atom to Co
center results in elongation of the Co—O bond located in the trans position of the C atom, compared with
usual Co—O bonds. The photolysis products of optically active isomers (A4-a, 4-8(1), and A-B(2)) of [Co-
(eddp)(en)]™ were studied on the basis of the absorption, CD, and **C NMR spectral data. The photolysis of
A-B(1) provided A-a-[Co(eedmp-C,N,N’,0)(en)]* (eedmp; ~CH2CHNH(CHz):NH(CH3)2COO™), while the
photolysis of A-3(2), which is a conformational diastereomer of A-8(1), provided (—)§$B-3-[Co(eedmp-C,N,
N’,0)(en)]™ (major product) and A-a-[Co(eedmp-C,N,N’,0)(en)]*. Optically active (+)Si3-3-[Co(etnmp-C,
N,N’,0)(en)]* (etnmp: ~CH,CH,NH(CH2)sNH(CH;)2COO™) was obtained by the photolysis of A-(—)$a-
B-[Co(tndp)(en)]t (tndp: CHo{CH;NH(CH2)2COO™ }2).

In recent years, a great deal of attention has been  Co(III) complex shown in Scheme 1.V

focused on the photochemical syntheses of the cobalt- Recently, we presented preliminary results concern-
(IIT) complexes containing Co—C bond and their prop-  ing the photolysis of the racemic and optically active
erties. The cobalt(III) complexes containing a Co—~C  [Co(L)(en)]* complexes, where L was eddp, tndp, or
bond had been thought to be unstable and labile.  Meseddp.'®'® In this paper, we describe a detailed
Since the discovery that the stable coenzyme Vita-  study of the photolysis products of these Co(III) com-
min Bjy is a cobalt(IIl) complex containing a o-  plexes.
bonded alkyl ligand,” many analogous complexes were
prepared;? some of them exhibited interesting photo-
chemical properties.>—9

Most of the known cobalt(III) complexes with sta-

Experimental

Ligands and Complexes. Trimethylenediamine-

ble Co—C bond have highly unsaturated ligands; o 0
however, the organo-cobalt(II) complexes containing \| /o_.c//\ hv \I 6—0//\
only saturated ligands have also been prepared and co" Co" _~CH;
characterized.” % Poznyak et al. obtained the com- -~ | SnN—(cHy LMCT .~ I \N\—(CHz)n
plexes with Co—C bond by photodecarboxylation of the Ry R, R, R,
corresponding amino carboxylato complexes.!?—!® In

the case of photolysis reactions of the mixed-ligand H,

cobalt(III) complexes containing amino carboxylates -COp N, . ~ ,C\
and amines such as bipy and phen, the stable products — PR

were isolated in crystalline form, and their structures |
were revealed by X-ray analyses.!* 1" The authors pro- R R, 1
posed the photolysis mechanism of amino carboxylato Scheme 1.
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N,N’-dipropionic Acid (Hztndp): Diethyl trimeth-
ylenediamine- N, N'-dipropionate, which was a precursor of
Hotndp, was prepared by the following procedure. A solu-
tion containing ethyl acrylate (36.8 cm®, 0.34 mol) and 1,3-
propanediamine (14.2 cm®, 0.17 mol) in 50 cm® of dioxane
was refluxed for 6 h. After cooling, the pH of the solution
was adjusted to 1 with concd HCI and then the solution
was concentrated until white crystals (diethyl trimethylene-
diamine- N,N'-dipropionate hydrochloride) deposited. The
crystals were recrystallized from hot ethanol.

To a solution containing diethyl trimethylenediamine-
N,N’-dipropionate hydrochloride (90 g, 0.26 mol) in water
(200 cm?), sodium hydoxide (42 g, 1.04 mol) was added.
The mixed solution was stirred at 50 °C for 2 h. The re-
action solution was acidified to pH 1—2 with concd HCI
and concentrated till NaCl deposited. After removal of the
deposit, the filtrate was added dropwise to a large amount
of acetone with vigorous stirring. The crystalline powder
which deposited was filtered, washed with acetone, and air-
dried. The purification of the crude product was carried out
by adding acetone to its aqueous solution. Found: C, 36.92;
H, 6.81; N, 9.53%. Calcd for H2tndp-2HCl=CgH20012N204l
C, 37.13; H, 6.92; N, 9.62%.

N,N'-Dimethylethylenediamine- N, N'-dipropionic
Acid (H2Mezeddp):  An aqueous solution (10 cm®) of
3-chloropropionic acid (10.85 g) was neutralized with a solu-
tion of NaOH (4 g). A solution (ca. 15 cm®) containing 4.41
g of N,N’-dimethylethylenediamine and 4 g of NaOH was
slowly added to the above-mentioned solution; the mixed
solution was stirred at 60—70 °C for 6 h. The pH of the
reaction solution was adjusted to 1 with concd HCl and
then concentrated under reduced pressure until NaCl de-
posited. N,N’-Dimethylethylenediamine- N,N'-dipropionic
acid hydrochloride was obtained from the desalted solution
by adding ethanol-acetone (1:2) mixture. The crude prod-
uct was recrystallized from water upon addition of acetone.
The constitution of the product was confirmed by its ‘H-
and **CNMR data.?”

The other ligands and chemicals were obtained commer-
cially.

a-, B(1)-, and B(2)-[Co(eddp)(en)]” Complexes:
Three isomers of [Co(eddp)(en)]t (eddp: ethylenedi-
amine- N,N’-dipropionate) were prepared and optically re-
solved according to the method described in our previous
paper:>?) (+)§5-A(R,R)-a-[Co(eddp)(en)|CL-3H- O; (~)533-
A(8,5*)-B(1)-[Co(eddp) (en)]C1-3H20; (—)583-A(S,R*)-B(2)-
[Co(eddp)(en)]Cl1-0.5CHsOH.

B-[Co(tndp)(en)]t Complex: This red-purple com-
plex was prepared by the same method as that for the
eddp complex, except for the use of tndp.-2HCI instead
of eddp-2HCl. Only B-isomer was obtained. Found: C,
32.37; H, 7.18; N, 13.39%. Calcd for [Co(tndp)(en)]-
Cl-2H20=C11H280100N406: C, 32.48; H, 6.93; N, 13.77%.

The racemate of 3-[Co(tndp)(en)]* was resolved into op-
tically active isomers by a chromatographic method like that
used for a- and B(1)-[Co(eddp)(en)]* .2V

a-[Co(Mezeddp)(en)]t Complex: This complex
was prepared in a similar manner to that described in 8-[Co-
(tndp)(en)]*, except for the use of Mezeddp-2HCI instead of
tndp-2HCI. B-Isomer was not obtained by the method used
here. Found: C, 31.87; H, 7.35; N, 12.22%. Calcd for [Co-
(Mezeddp)(en)]Cl-4H,0 =C12H34CICoN4Og: C, 31.55; H,

Bull. Chem. Soc. Jpn., 68, No. 8 (1995) 875

7.50; N, 12.26%.

The optical resolution of this complex was carried out as
follows: A solution containing 9.14 g (0.02 mol) of a-[Co-
(Mezeddp)(en)]Cl-4H20 in 50 ml of warm water (60 °C)
was added to a solution containing 8.72 g (0.02 mol) of sil-
ver a-bromo-(d)-camphor-7-sulfonate (AgBCS) with stir-
ring. The resulted AgCl precipitates were filtered with suc-
tion and washed with a small amount of water. The filtrate
and washings were combined and evaporated under reduced
pressure until the solution became syrupy. After the syrupy
solution was allowed to stand for ca. 2 h at room temper-
ature, the crystals which deposited were filtered. The ob-
tained diastereomer showed (4) CD sign at 595 nm. The
diastereomer was recrystallized from water.

The (+)Seadiastereomer (3.0 g) was dissolved in ca. 50 ml
of water, and the solution was treated on a small Dowex
1X8 column (CI~ form, 6.0 cmx3.5 cm) by elution with wa-
ter in order to convert BCS™ ion to Cl™ ion. The eluted
solution was evaporated to a small volume. A mixture of
ethanol-acetone was added to the concentrated solution un-
til crystals began to deposit. After the solution was allowed
to stand for ca. 2 h at room temperature, the light-violet
needle crystals were filtered, washed with a mixture of eth-
anol-acetone, and dried in air. The recrystallization was
carried out from water upon addition of ethanol-acetone
mixture. The yield was 0.8 g. Aesg0=+0.26.

Photolysis and Isolation of Products. 1) a-[Co-
(Mezeddp)(en)]t: The photolysis experiments reported
in this paper were performed using an internal irradiating
type of apparatus (Shigemi Standard Trading Co.). An
aqueous solution containing 0.3 g of a-[Co(Mezeddp)(en)]-
Cl1-4H,0 in 250 cm® of water was irradiated with a 400 W
high-pressure mercury lamp at ca. 5 °C for 15 min while
bubbling N2 gas through the solution. The resulting solution
was chromatographed on an SP-Sephadex C-25 column (2.7
cmx60 cm, Kt form) using 0.2 M KBr (M=moldm™?) as
an eluent. The band adsorbed on the column was separated
into three bands by recyclic development: purple (starting
material), orange (a-[Co(Mezeedmp)(en)]t 2?)), and pink
bands in the order of elution. The eluate from the or-
ange band was desalted by adding methanol and by passing
through a Sephadex G-10 column. The desalted solution
was concentrated again; to this NH4PFg was added. The
fine crystals which deposited were recrystallized from water.
Found for the orange complex: C, 24.55; H, 5.34; N, 11.65%.
Caled for [Co(Mezeedmp)(en)|PFs-0.5H20-0.5NH4PF¢ =
Cl1H2900F9N4,502,5P1‘5: C, 24.43; H, 5.41; N7 11.66%.

Crystals suitable for X-ray diffraction measurements were
obtained from the concentrated aqueous solution of the bro-
mide salt, after the solution was kept in a refrigerator for at
least one month.

Photolysis of optically active (+)$a-a-[Co(Mezeddp)-
(en)]Cl was also performed in a similar manner to that
described above: (+)%a9-a-[Co(Mezeddmp)(en)]* was ob-
tained.

2) B-[Co(tndp)(en)]t: An aqueous solution contain-
ing 0.28 g of B-[Co(tndp)(en)]Cl-2H20 in 250 cm® of water
was irradiated with a 400 W high-pressure mercury lamp at
ca. 5 °C. The resulting solution was chromatographed on
an SP-Sephadex C-25 column (3.3 cmx65 cm, Na™ form)
using 0.2 M NaClO4 as an eluent. The band adsorbed on
the column was separated into three bands by recyclic de-
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velopment: Brownish-violet (3-[Co(etnmp)(en)]t 2?), red-
purple (starting material), and pink bands in the order of
elution. The eluate from the brownish-violet band was evap-
orated to 10 cm®, and then passed through a Sephadex
G-10 column using water as an eluent in order to elimi-
nate NaClO4. The eluate was again concentrated nearly
to dryness to give brownish-violet crystalline powder. The
crude product was recrystallized from water—dioxane. Found
for the brownish-violet complex: C, 17.62; H, 4.15; N,
8.18%. Calcd for [Co(etnmp)(en)]ClO4-2NaClO4-2H,0 =
C10H23Cl3sCoN4Na2016: C, 17.88; H, 4.20; N, 8.34%.

Photolysis of optically active 3-[Co(tndp)(en)]* was also
performed in the same manner as described above.

3) [Co(eddp)(en)]t:  The photolysis of [Co(eddp)-
(en)]™ (racemic and optically active a-, B(1)-, and B(2)-
isomers) and the isolation of the photolysis products were
carried out in a similar manner to that described above.
When the photoreaction solution of A-a-isomer was chro-
matographed on an SP-Sephadex C-25 column using 0.2 M
NaClOy4 as an eluent, the violet (starting material) and or-
ange bands were eluted out in the order of elution. (+)33-a-
[Co(eedmp)(en)]t 22 was isolated as perchlorate from the
eluate of the orange band. Found: C, 28.82; H, 5.98; N,
14.68%. Calcd for [Co(eedmp)(en)]ClO4=CoH22CICoN4Os:
C, 28.69; H, 5.88; N, 14.87%.

In the chromatography of the photoreaction solution of
A-B(1)-isomer, three bands were eluted out: orange, red-
purple, and red-violet (starting material) in the order of
elution. The complex obtained from the eluate of the orange
band was (—)$a-a-[Co(eedmp)(en)]*. As the eluate of the
red-purple was very slight in amount, the complex could not
be isolated from the eluate.

In the development of the photoreaction solution of
racemic 3(2)-isomer on an SP-Sephadex C-25 column, three
bands were separated out: orange (minor, a-[Co(eedmp)-
(en)]t), red-purple (major), and red-violet (starting mate-
rial). B-[Co(eedmp)(en)]t was isolated as C1O4 salt from the
eluate of the red-purple band. Found: C, 28.76; H, 5.90; N,
14.78%. Calcd for [Co(eedmp) (en)]ClO4 CoH22ClCoN40O6:
C, 28.69; H, 5.88; N, 14.87%.

In the photolysm of A- ,8(2)-1somer, (+)$8-0-[Co(eedmp)-
(en)]* and (—)$B-B-[Co(eedmp)(en)]* were obtained.

Measurements. The absorption and CD spectra were
measured by a JASCO UVIDEC-670 spectrophotometer
and a JASCO J-T720 spectropolarimeter, respectively. The
I3CNMR spectra were recorded on a Hitachi R-90H spec-
trometer in a D20 solution relative to internal reference of
dioxane (67.4 ppm).

Crystallography. X-Ray Data Collection. A
single crystal (ca. 0.38x0.50x0.50 mm?®) of [Co(Mezeedmp)-
(en)]Br-1.5H20 was used for data collection on Enraf Nonius
CAD4 diffractometer with a graphite- monochromatized
Mo Ka (0.71073 A) radiation. Unit cell parameters were
determined by least-squares refinements based on 25 reflec-
tions with 16°<20<20°.

Crystal Data: CqusBI‘CON402'1.5H20, FW.=
412.21, Monoclinic, space group P2:/n (No. 14), a=
9.013(2), b=13.420(1), c=14.754(4) A, $=92.75(1)°, V=
1782.5(6) A3, Z=4, D.yica=1.54 gcm™3, F(000) =852,
(Mo Ka)=32.0 cm™?!, and room temperature.

The intensity data were collected by the w—26 scan tech-
nique up to 20=>50° with scan width (0.80+0.4 tan8)° and
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the scan rate varied from 1 to 5° min~! (on w). The intensi-

ties were corrected for Lorentz and polarization. An empiri-
cal absorption corrections based on a series of ¥ scans were
applied (max and min transmission factors 1.00 and 0.94).
A total of 2715 independent reflections with Fo>30 (Fo) of
the measured 3438 reflections were considered as ‘observed’
and were used for structure determination.
Determination of Crystal Structure. The posi-
tions of cobalt and some donor atoms were determined by
the direct method. The remaining non-hydrogen and hydro-
gen atoms were found by successive difference Fourier maps
to give a trial structure. The structure was refined by a
full-matrix least-squares on F using the anisotropic thermal
parameters for non-hydrogen atoms and the isotropic ther-
mal parameters for hydrogen atoms. The oxygen atoms of
the water molecules exhibited positional disorder [occupancy
factors: O (1W), 0.5; O (2W) to O (5W), 0.25]. All calcu-
lations were performed on VAX computer using the crys-
tallographic package MOLEN.?® The final refinement gave
R=0.038, R, =0.045, (w=4F2/c*(F,)?). The largest pa-
rameter shift was 0.03 times e.s.d. and |Ap|max in the final
difference Fourier map was 0.90 eA~2. The final atomic co-
ordinates for non-hydrogen atoms are given in Table 1.29

Results and Discussion

Characterization of [Co(Mezeddp)(en)]* and
[Co(tndp)(en)]t. The complex ions in the heading
provide two possible geometrical isomers of @ and (.
The « isomer has a trans(O)-[Co(N)4(O)]-type struc-

Table 1. Final Atomic Coordinates and Equivalent
Isotropic Thermal Parameters (Beq/A?)® for Non-
H Atoms of [Co(Mezeedmp)(en)]Br-1.5H20

Atom =z y z Beg®
Co 0.70500(7) 0.64914(5) 0.33582(4) 2.59(1)
0(1) 0.7701(4)  0.7944(3) 0.3461(3)  3.96(8)
0(2) 0.9589(5)  0.8849(3)  0.3995(3)  5.5(1)
N(1)  0.8372(5). 0.6241(3) 0.2316(3)  3.28(9)
N(2) 0.5410(5)  0.6676(4) 0.2442(3)  3.8(1)
N(3) 0.5832(5) 0.6836(4) 0.4380(3)  3.68(9)
N(4)  0.8500(4) 0.6036(3) 0.4308(3)  2.95(8)
C(1) 0.9049(6) 0.8197(4) 0.3488(4)  3.8(1)
C(2)  1.0047(6) 0.7671(4) 0.2844(4)  3.8(1)
C(3) 0.9225(6)  0.7154(4) 0.2072(4)  3.9(1)
C(4)  0.7327(7) 0.6002(5) 0.1526(4)  4.5(1)
C(5)  0.6032(7) 0.6673(5) 0.1528(4)  5.0(1)
C(6)  0.4772(6) 0.5679(5)  0.2668(4)  4.1(1)
C(T) 0.6005(6)  0.5219(4) 0.3235(4)  3.5(1)
C(8)  0.0439(7) 0.5414(5) 0.2448(4)  4.5(1)
C(9)  0.4352(7) 0.7497(6) 0.2517(5)  5.7(2)
C(10)  0.6502(6) 0.6417(5)  0.5246(4)  4.2(1)
C(11) 0.8150(6) 0.6478(5)  0.5190(3)  3.8(1)
Br 0.22256(6) 0.63292(5) 0.47956(4) 3.96(1)
O(1W) 0.734(1)  0.0919(8) 0.5927(6)  6.7(2)
O(2W) 0.667(1) —0.092(1) 0.527(1) 5.8(3)
O(BW) 0.559(2) —0.089(1) 0.507(1) 6.4(5)
O(4W) 0.832(2) —0.028(1) 0.5377(9)  3.8(3)
O(BW) 0.718(1) —0.1136(9) 0.528(1)  4.0(3)

a) Beq=(8m? /3)‘2‘;)?

a¥a¥as-a.
Uija; ajai-a;.
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ture with Co symmetry and the § isomer has a cis(O)-
[Co(N)4(O)2]-type one with C; symmetry. The ab-
sorption spectra of [Co(Megeddp)(en)]* and [Co(tndp)-
(en)]* are shown in Figs. 1 and 2, and their numerical
data are listed in Table 2. On the basis of these spectral
patterns, the geometry of [Co(Mezeddp)(en)]t was as-
signed to the o form and that of [Co(tndp)(en)]t to
the § form. These assignments were also confirmed
by the *CNMR spectral data; [Co(Megeddp)(en)]t,
which was assigned to the o form, showed 6 signal peaks
due to 12 carbons, and [Co(tndp)(en)]*, which was as-
signed to the 3 form, showed 11 signal peaks due to 11
carbons.?

The CD data of those complexes are also shown in
Figs. 1 and 2 and Table 2. The (+)$B-a-[Co(Mezeddp)-
(en)]* isomer is considered to take the A configuration,
because the CD spectral behavior in the visible region is
similar to that of A-a-[Co(eddp)(en)]*.2V The (—)S2-
B-[Co(tndp)(en)]* isomer shows a CD spectral pattern
similar to that of A-f3(1)-[Co(eddp)(en)]™.2Y) Accord-
ingly, (—)$ma-B-[Co(tndp)(en)]* is thought to have the
A configuration.

Photolysis Product of a-[Co(Mezeddp)(en)]™
(a-[Co(Mezeedmp)(en)]t).  The structure of the
orange complex, which was obtained by the photolysis
of a-[Co(Meseddp)(en)]t, was revealed by the X-ray

4
3
%0
L
2 3
1 +1
0 0 4
-1
20 30 20 50
¥/10%m™!
Fig. 1. Absorption and CD spectra of the (+)$x-

a- [Co(Mezeddp)(en)]t (---) and (4)§R- a- [Co-
(Meseedmp)(en)]t (orange) (—) complexes.
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Fig. 2. Absorption and CD spectra of the (—)S&-

B-[Co(tndp)(en)]* (---) and (+)§53-5-[Co(etnmp)-
(en)]* (brownish-violet) (—) complexes.

analysis. A perspective drawing of the complex cation
is shown in Fig. 3, together with its atomic numbering
scheme. The main bond distances and angles within the
complex cation are summarized in Table 3. The cobalt
atom is octahedrally surrounded by two N atoms of the
en ligand and a C atom, two N atoms, and an O atom

Fig. 3. A perspective drawing of the - [Co-
(Megeedmp)(en)]t complex with the atom-number-
ing scheme.
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Table 2. Absorption and CD Spectral Data of the Complexes

Complex

Absorption band®
v/10% em™* (log €)

CD band®
v/10% cm™! (Ae¢)

A—a-(+)g§%— [Co(Mezeddp)(en)]™

A—a-(+)409]?)-[Co(Me2eedmp) (en)]t

A-p-(=)5as-[Co(tndp)(en)]*

B-(+)§s3-[Co(etnmp) (en)]

A-0-(+)§3-[Co(eedmp) (en)]

B-(=)543-[Co(eedmp) (en)] *

17.89 (1.69) 16.95 (+0.26)
20.70 (1.56) 20.37 (—0.25)
26.74 (1.91) 25.77 (+0.21)
38.91 (4.29) 39.53 (—14.77)
46.95 (4.08) 48.31 (+11.12)
20.24 (1.94) 20.41 (+0.34)
27.0 (2.1sh)® 24.10 (+0.046)
31.3 (2.3sh) 27.32 (—0.12)
40.0 (3.9sh) 30.49 (+0.092)
48.08 (4.47) 39.68 (—2.30)
19.42 (2.14) 17.61 (+0.41)
26.81 (1.99) 19.80 (—1.66)
41.32 (4.29) 39.84 (—4.92)
19.61 (1.98) 18.08 (+1.08)
27.70 (2.31) 22.0 (+0.1sh)
29.9 (2.3sh) 27.03 (+0.32)
39.22 (3.85) 31.06 (—0.35)
46.73 (4.17) 39.37 (+4.81)
47.17 (—4.43)
21.01 (2.00) 20.70 (+1.32)
28.0 (2.1sh) 40.32 (—22.58)
32.6 (2.3sh)
40.49 (3.92)
19.23 (1.99) 18.42 (—1.60)
27.47 (2.26) 21.55 (+1.76)
39.06 (3.87) 27.03 (—0.74)
30.7 (—0.3sh)

38.5 (+5.1sh)

a) € and Ae values are given in units of mol~!dm®ecm™!. b) sh denotes a

shoulder.

Table 3. Selected Bond Distances (A) and Angles (°)
for [Co(Mezeedmp)(en)]t

Co-0O(1) 2.040(4) N(1)-C(4) 1.497(7)
Co-N(1) 2.018(4) N(1)-C(8) 1.475(7)
Co-N(2) 1.970(4) N(2)-C(5) 1.485(7)
Co-N(3) 1.962(4) N(2)-C(6) 1.500(8)
Co-N(4) 1.967(4)  N(2)-C(9) 1.465(8)
Co—C(7) 1.954(6) N(3)-C(10) 1.496(7)
0(1)-C(1) 1.261(7) N(4)-C(11) 1.477(7)
N(1)-C(3) 1.499(7)

O(1)-Co-N(1)  92.2(2) Co-N(1)-C(4)  104.9(3)
0(1)-Co-C(7)  167.9(2) Co-N(1)-C(8)  115.4(3)
N(1)-Co-N(2)  87.1(2) Co-N(2)-C(5)  108.6(3)
N(1)-Co-N(3)  175.7(2) Co-N(2)-C(6) 91.1(3)
N(2)-Co-N(4) 168.2(2) Co-N(2)-C(9)  120.9(4)
N(2)-Co-C(7)  72.8(2) Co-N(3)-C(10) 110.5(3)
N(3)-Co-N(4)  84.4(2) Co-N(4)-C(11) 109.9(3)
Co-O(1)-C(1) 122.2(3) Co—C(7)-C(6) 91.9(4)
Co-N(1)-C(3)  112.1(3)

of the tetradentate Meyeedmp ligand.?® The discovery
of such a complex cation in the composition of the pho-
tolysis product indicates that the reaction of Scheme 1
occurred on one of the two carboxyl groups of the coor-

dinated Meseddp. The coordination of the Mezeedmp
ligand to Co results in the formation of three types of
chelate rings: a six-membered (-alaninate ring, a five-
membered ethylenediamine ring, and a four-membered

1
Co—C—-C-N ring. The relative positions of these rings
correspond to the a-isomer: Both the [-alaninate and
the four-membered rings are perpendicular to the eth-
ylenediamine ring.

1

The formation of the Co-C—C-N four-membered ring
introduces significant distortions into the octahedral co-
ordination around the Co atom. The £N(2)-Co-C-
(7) angle (72.8°) is reduced from the octahedral an-
gle. In addition, the ZO(1)-Co-C(7) (167.9°) and ZN-
(2)-Co-N(4) (168.2°) angles differ significantly from
180°. The coordination of C atom to Co center results
in elongation of the Co—O(1) bond (2.040 A) located
in the trans position of the C atom, compared with or-
dinary Co—O bonds (for example, 1.895—1.936 A in
a, (1), and B(2) isomers of [Co(eddp)(en)]* 29). A
similar trans influence has been noted for a number of
Co(IIT) complexes containing Co—C o-bond.'*'® The
length of the Co—C(7) bond (1.954 A) in the present
complex is usual for a Co—C o-bond length.*!>17) The
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four-membered ring is practically planar and the sum
of the endocyclic angles is equal to 357.9°.

The absorption maximum of [Co(Mezeedmp)(en)]*t
in the first absorption band region shifts to the high
energy side compared to that (the mean of the splitting
components) of a-[Co(Megeddp)(en)|* (Fig. 1 and Ta-
ble 2). This shift in the first absorption band region
results from the ligand-field of the ligating C atom be-
ing stronger than that of the ligating O atom in the
carboxyl group.

In the 3CNMR spectrum of a-[Co(Megeedmp)-
(en)]*,?” a slightly broad signal was observed at very
high magnetic field (—2.88 ppm), where no signal was
observed in the spectrum of a-[Co(Mezeddp)(en)]™.
This signal at —2.88 ppm is attributable to the car-
bon o-bonded to the Co(III). A 13C NMR signal due to
only one carboxyl carbon was found at 184.12 ppm.

Photolysis Product of 3-[Co(tndp)(en)]™ (8-
[Co(etnmp)(en)]*t).  The brownish-violet complex
obtained by the photolysis of 5-[Co(tndp)(en)]™ shows
10 signal peaks in the 3C NMR. spectrum.?® A signal
at very high magnetic field (—6.75 ppm), where no sig-
nal was observed in -[Co(tndp)(en)]™, was assigned to
the carbon o-bonded to Co(III). A '3C NMR signal due
to only one carboxyl carbon was found at 182.29 ppm.
These results indicate that the brownish-violet com-
plex is [Co(etnmp)(en)]*: The photodecarboxylation
occurred on one of two carboxyl groups in f-[Co(tndp)-
(en)] ™.

In order to confirm the geometrical structure of
the brownish-violet complex, the X-ray analysis was
performed.?® A perspective drawing of the complex
cation is shown in Fig. 4. The octahedral coordina-
tion of the Co atom on the complex cation involves two
N atoms of the en molecule and a C atom, two N atoms,
and an O atom of the tetradentate etnmp ligand.?? The

.
complex cation has a (-structure, where the Co—C-C-N
four membered chelate ring is perpendicular to the tn

Fig. 4. A perspective drawing of the §-[Co(etnmp)-
(en)]™ complex.
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ring of the tetradentate ligand.

The spectral data of 3-[Co(etnmp)(en)]* are shown
in Fig. 2 and Table 2.

Photolysis Products of [Co(eddp)(en)]™ (a-
and B-[Co(eedmp)(en)]T).  Aqueous solutions of
all three isomers, «, 3(1), and 3(2), of [Co(eddp)(en)]™
were irradiated with ultraviolet light. (The two 3 iso-
mers are conformational diastereomers arising from a
difference of the chirality around one of the asymmetric
N atoms in the coordinated eddp ligand.2®)) Photolysis
of a-isomer provided the orange complex, which showed
nine signal peaks due to nine carbons in the *C NMR
spectrum.?® The 13C signal at —5.01 ppm provides ev-
idence for the formation of Co—C bond. A signal due
to only one carboxyl carbon was found at 182.38 ppm.
These spectral results and the elemental analysis indi-
cate that the orange complex is [Co(eedmp)(en)]™.

Photolysis of 3(1)-[Co(eddp)(en)]* provided two de-
carboxylation products: The orange complex, which
was identical with the photolysis product of a-[Co-
(eddp)(en)]™, and the red-violet complex, of which the
amount was very small. On the other hand, in the pho-
tolysis of 5(2)-[Co(eddp)(en)]t, the red-violet complex
was a major product and the orange complex was a
minor one. The ¥CNMR spectrum of the red-violet
complex shows nine signal peaks due to nine carbons.?"
The resonances at —4.44 and 180.97 ppm indicate that
the red-violet complex is also [Co(eedmp)(en)]™. The
elemental analysis supports this assignment.

Poznyak et al. have isolated orange and red-violet iso-
mers of [Co(eedmp)(phen)]™ and assigned the former to
a-isomer and the latter to 3 one.'® We also prepared
these two isomers. The first d—d band peaks of a- and (-
[Co(eedmp)(phen)]™ were observed at 20920 and 19250
cm™!, respectively. These peak positions coincided very
closely with those of the orange (21010 cm~!) and red-
violet (19230 cm™1!) isomers in the [Co(eedmp)(en)]™
system. In addition, the spectral patterns of the or-
ange and red-violet isomers of [Co(eedmp)(en)]™ are
similar to those of the a-[Co(Meseedmp)(en)]* and S-
[Co(etnmp)(en)]t complexes, respectively (Figs. 1, 2,
and 5). Therefore, we assigned the orange isomer of
[Co(eedmp)(en)]™ to o one and the red-violet isomer to
[ one.

Photolysis of Optically Active [Co(Mezeddp)-
(en)]*. As is shown in Table 4, optically active
(+)$R-a-[Co(Meyeedmp)(en)]t was obtained in the
photolysis of (+)Saa-A(R,R)-a-[Co(Megeddp)(en)] .32
The possible configurations for a-[Co(Megeedmp)(en)]™
are A(R,S'") and A(S,R').>® The change from A(R,R)-
a-[Co(Megeddp)(en)]™ to A(S,R')-a-[Co(Megeedmp)-
(en)]™ must be very difficult.®® This change requires
the inversion at two coordinated tertiary N atoms, but,
it is impossible to invert at the tertiary N atoms without
the fission of the Co~N bonds. Accordingly, the config-
uration of (+)$as-a-[Co(Mezeedmp)(en)]* was assigned
to A(R,S').3® The empirical rule, in which the A iso-
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Table 4.
[Co(eddp)(en)]t Complexes

Optically Active Co(III)-C Bond Complexes

The Photolysis Products Obtained from the Optically Active [Co(Mezeddp)(en)]t and

Starting material

(+ )590-/1(R R)-o-[Co(Mezeddp)(en)]*™
(+ )552'/1(3 R)- a—[Co(eddp)(en)]+

(- 536-/1(5 5*)-B(1)-[Co(eddp)(en)]*
(- )563 A(S, R*) ﬁ(2) [Co(eddp)(en)]+

Product Absolute configuration
(+)$8-a-[Co(Mezeedmp) (en)]+ A(R,S")
(+)483-a-[Co(eedmp) (en)] A(R,S")
(—)483-a-[Co(eedmp) (en)] A(S,R)
(—)543-B-[Co(eedmp) (en)] A(Ror S,R')
(+)4s3-a-[Co(eedmp) (en)] A(R,S")

The abbreviations used for expressing the absolute configuration are shown in Ref. 32.

2
L2
A i 1 1 1 L 1
20 30 40 50
¥/10%cm’™!
Fig. 5. Absorption and CD spectra of [Co(eedmp)-

(en)]T: (+)$B-a (orange) isomer (—), (—)$R- (red-
violet) isomer (---).

mer has a dominant CD peak with a positive sign at
the longer wavelength, seems to be maintained even in
this complex with the ligating C atom (Fig. 1 and Ta-
ble 2).39

Photolysis of Optically Active [Co(eddp)-
(en)]*. The photolysis data concerning the op-
tically active [Co(eddp)(en)]* system are summarized
in Table 4. The photolysis of (+)$3- A(R,R)-a-
[Co(eddp)(en)]* provided (+)$B-a-[Co(eedmp)(en)]*,
but did not B-type products. In the photolysis of
(=)$B-A(S,5%)-B(1)-[Co(eddp) (en)]+ &2 (—)ZB-0-[Co-
(eedmp)(en)]t was obtained as a major decarboxyl-
ation product, and showed optical purity comparable
with that of (+)33-a-[Co(eedmp)(en)]™ formed from
the optically active a-[Co(eddp)(en)]*. (The S-type
decarboxylation product was obtained as a minor prod-

uct, but its amount was too small to clarify whether
the product was optically active or not.) The photol-
ysis of (—)$B-A(S,R*)-5(2)-[Co(eddp)(en)]* resulted
in the formations of (—)$B-3-[Co(eedmp)(en)]* (major
product) and (+)$3-a-[Co(eedmp)(en)]* (minor prod-
uct). The optical purity of (+)$a3-a-[Co(eedmp)(en)]t
formed from A(S,R*)-3(2)-[Co(eddp)(en)]* was low; its
value was about 17% of that of a-[Co(eedmp)(en)]t ob-
tained from A(R,R)-a-[Co(eddp)(en)]™.

In order to explain the stereochemistry in the
photodecarboxylation reaction of the [Co(eddp)(en)]™
system, we propose the reaction paths shown in
Schemes 2 and 3. When the three-steps-reaction of
Scheme 1 occurs in a-[Co(eddp)(en)]™, it is quite likely
that the path of Scheme 2 prevails: The vacant position
of the intermediate is occupied by the CH; radical of
the decarboxylated ligand. Accordingly, A(R,R)-a-[Co-
(eddp)(en)]* changes to A(R,S')-a-[Co(eedmp)(en)]™:
the configuration of (+)$3-a-[Co(eedmp)(en)]* is as-
signed to A(R,S’). This assignment is also supported
by the fact that the CD spectral behavior is similar to
that of A(R,S’)-a-[Co(Mezeedmp)(en)]™.

In the 3-type isomers of [Co(eddp)(en)]*t, the two (-
alaninate rings of the coordinated eddp ligand are in
different situations: One lies in the same plane with the
en ring of the eddp (in-plane §-ala) and the other is per-
pendicular to the en ring (our-of-plane 3-ala). When
the three-steps-reactions of Scheme 1 occurs in the in-
plane (-ala, it is thought that the vacant position of
the intermediate can not be occupied by the CH, rad-
ical of the decarboxylated ligand because of the high
strain of the adjacent two chelate rings (4 and 5 mem-
bered rings) in the same plane. Therefore, the decar-
boxylation reactions through the paths of (1) and (2) in
Scheme 3 are expected to occur. However, the path (2),
in which three coordination sites are exchanged, can be
presumed to be the minor one from the results of the
coordination-site exchange reactions of the amino car-

e
oy

A(R, R)-a

A(R, S')-a
Scheme 2.
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boxylato cobalt(ITI) complexes.>® When the reaction
of Scheme 1 occurs in the out-of-plane -ala, paths (3)
and (4) are thought to prevail. The same idea as the
path (4) has been proposed in the coordination-site ex-
change reaction of the amino carboxylato cobalt(III)
complexes.?!*® Thus the vacant position in the inter-
mediate is occupied by the neighboring imino N atom of
the decarboxylated ligand, with an accompanying con-
current shift of the CHs radical to the position vacated
by the imino N atom.

The results in the photolyses of A(S,5*)-8(1)- and
A(S,R*)-B(2)-[Co(eddp)(en)]* may be explained by as-
suming as follows. (i) The decarboxylation reaction oc-
curs easily in the in-plane (§-ala ring rather than in the
out-of-plane S-ala ring. (ii) The path without the inver-
sion at imino N center is predominant. Consequently, in
the photolysis of (1)-isomer, the reaction through the
path (1) preferentially occurs, because the inversion at
the imino N atom of the in-plane (-ala is not required.
In the case of the photolysis of 5(2)-isomer, however,
no path in Scheme 3 can advantageously satisfy both
these assumptions: The reactions through the paths of
(1), (3), and (4) in Scheme 3 are expected to occur.
(As mentioned above, the path (2), in which three co-
ordination sites are exchanged, is thought to be minor.)
Judging from the mechanistic consideration described
above, we take the absolute configuration of (—)$3-3-
[Co(eedmp)(en)]* to be A. The occurrence of both (1)
and (4) paths is supported by the fact that the optical
purity of A-a-[Co(eedmp)(en)]* formed from A(S,R*)-
B(2)-[Co(eddp)(en)]t is low.

Photolysis of Optically Active (3-[Co(tndp)-

Bull. Chem. Soc. Jpn., 68, No. 3 (1995) 881

(en)] ™. Photolysis of (—)$R-3-[Co(tndp)(en)]™,
which was assigned to A on the basis of the CD spec-
tral behavior, resulted in the formation of optically
active decarboxylation product, (+)$3-3-[Co(etnmp)-
(en)]™ (Fig. 2 and Table 2). In this photolysis, however,
it is not clear which carboxyl group of the coordinated
tndp ligand was eliminated out. This obscurity makes
it difficult to estimate the configuration of the (+)53-
B-[Co(etnmp)(en)]*.

This work was supported by a Grant-in-Aid for Sci-
entific Research No. 03640521 from the Ministry of Ed-
ucation, Science and Culture.

References

1) P. G. Lenhert and D. C. Hodgkin, Nature, 192, 937
(1961).

2) a) T. S. Roche and J. F. Endicott, J. Am. Chem.
Soc., 94, 8622 (1972), and the references cited therein; b)
T. Toraya and S. Fukui, “Bioinorganic Chemistry,” ed by
H. Tanaka, A. Nakahara, and S. Fukui, Kagakudojin, Kyoto
(1974), p. 69.

3) B. E. Daikh and R. G. Finke,
113, 4160 (1991).

4) B. E. Daikh, J. E. Hutchison, N. E. Gray, B. L. Smith,
T. J. R. Weakley, and R. G. Finke, J. Am. Chem. Soc., 112,
7830 (1990).

5) Gyu-Hwan Lee, J. L. Larson, T. A. Perkins, and K.
S. Schanze, Inorg. Chem., 29, 2015 (1990).

6) Y. Murakami, Y. Hisaeda, and T. Ohno, J. Coord.
Chem., 21, 13 (1990).

7) A. Bakac and J. H. Espenson, Inorg. Chem., 26, 4353
(1987).

8) T. S. Roche and J. E. Endicott, Inorg. Chem., 13,
1575 (1974).

9) M. J. Bjerrum, M. Gajhede, E. Larsen, and J.
Springborg, Inorg. Chem., 27, 3960 (1988).

10) K. Kanamori, W. E. Broderick, R. F. Jordan, R
D. Willett, and J. 1. Legg, J. Am. Chem. Soc., 108, 7122
(1986).

11) A. L. Poznyak and V. 1. Pavlovski, Angew. Chem.,
Int. Ed. Engl., 27, 789 (1988).

12) A. L. Poznyak, Koord. Khim., 17, 1261 (1991).

13) A.L. Poznyak and V. V. Pansevich, Z. Neorg. Khim.,
36, 2536 (1991).

14) L. M. Shkolnikova, A. V. Gasparyan, V. K. Belskii, V.
E. Stelmashok, A. L. Poznyak, and N. M. Dyatlova, Koord.
Khim., 13, 823 (1987).

15) A.V.Gasparyan, L. M. Shkolnikova, V. K. Belskii, A.
V. Poznyak, V. E. Stelmashok, and N. M. Dyatlova, Koord.
Khim., 13, 1710 (1987).

16) E. B. Chuklanova, T. N. Polynova, M. A.
Porai-Koshits, A. L. Poznyak, and V. I. Pavlovskii, Koord.
Khim., 14, 103 (1988).

17) A. B. Plyukhin, L. M. Shkolnikova, A. L. Poznyak, V.
I. Pavlovskii, and N. M. Dyatolova, Koord. Khim., 14, 701
(1988).

18) T. Ama, N. Hasegawa, H. Kawaguchi, and T. Yasui,
Chem. Letts., 1991, 1543.

19) a) K. Kohbuchi, H. Takamura, T. Yonemura, T. Ama,

J. Am. Chem. Soc.,



882  Bull. Chem. Soc. Jpn., 68, No. 3 (1995)

H. Kawaguchi, T. Yasui, K. Okamoto, and J. Hidaka, pre-
sented at “the 41st Symposium on Coordination Chem-
istry,” Okayama, October, 1991, Abstr., No. 3A16; b)
T. Yasui, M. Yoshida, T. Ama, T. Yonemura, and H.
Kawaguchi, presented at “National Meeting of the Chem-
ical Society of Japan,” Saga, October, 1992, Abstr., No.
1C10; ¢) H. Kawaguchi, M. Yoshida, T. Yonemura, T. Ama,
and T. Yasui, presented at “the 66th National Meeting of
the Chemical Society of Japan,” Nishinomiya, September,
1993, Abstr., No. 1D402.

20) The chemical shifts (ppm) of **C NMR peaks: 29.56,
41.70, 50.97, 53.41, 174.30.

21) H. Kawaguchi, N. Maruyama, T. Ama, and T. Yasui,
Bull. Chem. Soc. Jpn., 66, 175 (1992).

22) Abbreviations used: Mezeedmp, ~CH,CH;N(CHjs)-

CHQCHQN(CH:—})CHQCHzCOO_; etnmp, ~CH2CH.NH-
CH2 CH2CH2NHCH20H2COO_; eedmp, - CH2CH2NH-
CH,CH,;NHCH,CH,COO™.

23) C. K. Fire, “An Interactive Structure Solution Proce-
dure,” Enraf Nonius, Delft, Netherlands (1980).

24) Lists of structure factors, hydrogen atom coordinates,
bond distances and angles, and anisotropic thermal parame-
ters for non-hydrogen atoms are deposited as Document No.
68010 at the Office of the Editor of Bull. Chem. Soc. Jpn.

25) The chemical shifts (ppm) of *CNMR peaks: o-
[Co(Meseddp)(en)]™, §=31.48, 45.02, 50.69, 58.71, 61.06,
179.36; B-[Co(tndp)(en)]t, §=21.94, 34.12, 34.35, 43.34,
46.00, 47.34, 47.95, 51.00, 51.21, 181.61, 184.76.

26) N. Sakagami, T. Yasui, H. Kawaguchi, T. Ama, and
S. Kaizaki, Bull. Chem. Soc. Jpn., 67, 680 (1994).

27) The chemical shifts (ppm) of *CNMR peaks: 6=
—2.88, 32.92, 43.43, 43.86, 47.61, 47.92, 57.31, 60.69, 60.87,

Optically Active Co(III)-C Bond Complexes

70.08, 184.12.

28) The chemical shifts (ppm) of 13C NMR peaks: 6=
—6.75, 22.76, 34.56, 42.40, 44.44, 45.57, 50.78, 51.94, 55.36,
182.29.

29) The crystal data are as follows: Ci2HagsNy-
03.75CoCl, F.W.=463.27, monoclinic, space group C2/m,
a=25.681(9), b=24.655(4), ¢=7.350(3) A, 3=94.92(2)°,
Z=8, Dealea=1.33 gcm ™%, Dmeas. =1.47 gecm ™3, A(Mo Ko)=
0.71069 A, 4=9.30 cm™', R=0.088, R, =0.089 for 1472 re-
flections. The result is not so satisfactory, however, the ar-
rangement of the chelate rings around the cobalt center can
be reliable.

30) The chemical shifts (ppm) of "*CNMR peaks: 6=
—5.01, 32.43, 44.04, 44.44, 49.01, 49.26, 52.89, 57.77, 182.38.

31) The chemical shifts (ppm) of '*CNMR peaks: §=
—4.44, 35.54, 43.16, 46.27, 48.89, 52.19, 58.83, 59.02, 180.97.

32) R and S denote the chiralities of the secondary (or
tertiary) N atoms in the out-of-plane (-alaninate rings and
R* and S* denote those in the in-plane 3-alaninate rings.
S’ and R’ denote the chiralities around the coordinated sec-

1
ondary (or tertiary) N atoms of the Co—C~C-N four mem-
bered rings.

33) The change from R to R’ means the inversion at the
tertiary N atom of the four membered ring, but is due to
“nomenclature”. The change from R to S’ does not mean
the inversion.

34) J. Fujita and H. Ito, Kagaku No Ryoiki, 22, 69 (1986),
and the references cited therein.

35) H. Kawaguchi, N. Uchiyama, T. Ama, and T. Yasui,
Bull. Chem. Soc. Jpn., 63, 3535 (1990), and the references
cited therein.




