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The cobalt(IIT) complexes of the N,N’-dimethylethylenedia-
mine-N,N’-diacetic acid (H,dmedda)~® and the N,N’-dimeth-
ylethylenediamine-N,N'-di-a-butyric acid (H.dmedba)® have
been found to yield the s-cis (symmetric) geometrical isomers
only. Sloan and Krueger,” and Deutsch, et.al.’® have shown
that in the cobalt(IIl) complexes such as [Co(en),(SCH.CH,
NH,) 1**, [Co(en)(SCH,-CH(COO)NH,)]*, and [Co(en)«(SCH,
COO)1* the controlled oxidation of thiol which are coordina-

ted to cobalt(IIT) ion leads to the coordinated, S-bonded sul- .

fenatos.

We have been interested in the oxidation of sulfur to the
sulfenate stage in an uncoordinated sulfur atom in a metal
complex of an amino acid containing a sulfur atom, it ap-
peared that the methionine cobalt(Ill) complex of dmedda
would be a useful choice for such a study, for such cobalt(IIT)
complexes containing the oxidized methionine will likely be
resulted in possessing the uncoordinated sulfur atom as de-
sired in this study.

Experimental

s-Cis-Sodium Carbonato(N,N’-dimethylethylenedia-
mine-N,N’-diacetato) cobaltate(IIl), s-cis-Na[Co{dme-
dda)COs] (1). 1.70 g (5.0 mmol) of Ba(dmedda)' was ad-
ded to 20 mL of water and stirred. 56 mL of a solution
prepared by diluting 5 mL of conc HySO, in 100 mL of water
was added slowly to this solution. The solution was heated
50-C and stirred for 30 min. The solution was filtered while
hot to remove BaSQ,. 1.81 g (5.0 mmol) of Nas[Co(Cos)s]1-3H,

Notes

O dissolved in 20 mL of water was slowly added to the
filtrate with vigorous stirring. The solution was heated to
50 C and stirred for 1 hr, during which period the solution
change to violet color. The solution was filtered and the
filtrate was concentrated to one half of it’s original volume.
25 mL of absolute ethanol was added to this solution, which
was filtered. The filtrate was concentrated to 5 mL and 25
mL of absolute ethanol was added. The resultant solution
was stored in a refrigerator for 1 day. The precifitates for-
med was filtered and the violet product was recrystallized
from water and ethanol. Yield: 0.72 g (42%). Anal Calcd for
NaCoCoH1sO-Ns: C, 31.41; H, 4.10; N, 8.14 Found: C, 30.19;
H, 398; N, 8.25.

A-s-cis-N,N’'-dimethylethylenediamine-N,N’-diace-
tato (L-methionintato)cobalt(Ill), A-s-cis-[Co(dme-
dda)(L-met)] (2). 1.72 g (5.0 mmol) of 1 was dissolved
in 30 mL of water and heated at 60 C for 30 min with
stirring. 0.74 g (5.0 mmol) of L-methionine was added. 4.2
mL of a solution prepared by diluting 1 mL of conc HCl
in 10 mL of water was slowly added to this solution. The
pH of the solution was adjusted to 8.5 and 0.1 g of activated
carbon was added. The reaction mixture was heated at 60
T for 5 hrs. The reaction mixture was heated at 60 C for
5 hrs. The reaction mixture was filtered and the filtrate was
concentrated to 5 mL. 50 mL of absolute ethanol was slowly
added and filtered. The filtrate was concentrated to 5 mL,
which was admitted to a column packed with Dowex 50
W-X4 cation exchange resin (200-400 mesh, H™ from). Two
bands were detected by elution with water. The violet first
band fraction was the unreacted reactant. The red violet se-
cond band fraction was collected and evaporated to obatain
the red violet product, which was recry llized from water
and ethanol, and vacuum dried. Yield: 0.84 g (41%). Anal
Calcd for COC13H2406N3S: C, 3815, H, 5.91; N, 1042, S, 7.95
Found: C, 37.87: H, 5.77; N, 10.52; S, 7.77.

A-s-cis-N,N’'-dimethylethylenediamine-N,N’-diace-
tato(L-methionines sulfenatonato) cobalt(IIl), A-s-cis-
[Co(dedda)(L-met-0)] (3). wvia oxidation of 2. 0.41 g (1.0
mmol) of 1 was dissolved in 15 mL of water and stirred
at room temperature for 30 min. 1.3 mL (1.0 mmol) of a
solution prepared by adding 1 ml of 30% H,O, to 10 mL
of water was added to this solution dropwisé for 50 min.
Stirring was continued at room temperature for 1 hr. The
solution was concentrated to 5 mL and filtered. The filtrate
was admitted to a column packed with Dowex 50W-X4 cation
exchange resin (200-400 mesh, H* form). Two bands were
detected by elution with water. The red violet second band
fraction was collected and concentrated until precitates were
formed. The red violet product was obtained by filtration
and vacuum dried. Yield: 0.30 (70%). Anal Calcd for CoCysHas
O/NsS: C, 36.71; H, 5.69; N, 9.88; S, 7.52. Found: C, 36.66;
H, 556; N, 10.01; S, 7.46.

L-Methioninesulfenate (5). 4.48 g (30 mmol) of L-me-
thionine was dissolved in 60 mL of acetic and cooled to
12 €. 3.5 mL of 30% H:0, was slowly added for 4 hrs. The
solution was filtered and filtrate was concentrated to 30 mL.
30 mL of acetone was slowly added and the solution was
stored in refrigerator for 1 day. The white precipitates were
collected by filtration, recrystallized once from water and
ethanol, and vacuum dried. Yield: 2.64 g (53%).



Notes

A-s-cis-N,N’-dimethylethylenediamine-N,N’'-diace-
tato(L-methioninesulfenato) cobalt(Ill), A-s-cis-[Co
(dmedda)(L-met-O)] (4). via Direct Reaction of 1 with
5. 0.68 g (2.0 mmol) of 1 was dissolved in 20 mlL of water.
The solution was heated to 60 C and stirred for 30 min.
0.33 g (2.0 mmol) of 5 and 1.7 mL a solution prepared by
diluting 1 mL of conc HCI in 10 mL of water were added.
The resultant solution was stirred at 60 C for 30 min. The
pH of the solution was adjusted to 8.5 with 1 N NaOH and
stirring was continued for 2 hrs. The solution was filtered
and the filtrate was concentrated to 5 mL. The concentrated
solution was admitted to a column packed with Dowex 50W-
X4 cation exchange resin (200-400 mesh, H* form). Two ba-
nds were detected by elution with water. The red violet
second band fraction was collected and evaporated to obatain
the red violet product, which was recry stlized from water
and ethanol, and vacuum dried. Yield: 0.54 g (63%). Anal
Caled for CoCysH24O:N3S: C, 36.71; H, 5.69; N, 9.88; S, 7.52
Found: C, 36.70; H, 5.66; N, 9.85; S, 7.54.

Results and Discussion

A series of synthetic reactions accomplished in this work
is depicted in Figure 1. The compound 2 is prepared from
thr reaction of the racemic s-cis-[Co(dmedda)COs]~ complex
(1) with- L-met ligand. The compound 3 is obtained upon
oxidation of sulfur in 2 by the stoichiometric amount of H,O,.
In a separate experiment, the L-met is oxidized by a stoicho-
metric amount of H;O, to give the L-methioninesulfenate
(5). The direct reaction of this sulfenate (5) with the racemic
s-cis-[Co(dmedda)COs]1~ complex (1) yields 4, which has
been turned out to the same structure and absolute configu-
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Figure 1. Synthetic reactions to prepare compounds 2, 3, 4,
and 5.
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ration as 3.

The methionine possesses three different donor atoms (N,
0O, S) and thus can have three geometrical isomers as shown
in Figure 2 in the s-cis-[Co(dmedda)(met)] complex. The
infrared spectrum of 2 shows the coordinted -COO~ stret-
chung vibration at 1640 ¢cm™!, which rules out the structure
I (Figure 2). The electronic absorption spectra are particula-
rly helpful in distinguishing whether the sulfur atom is coor-
dinated (Structure II) or uncoordinated (Structure III).}?~
The visible spectrum of 2 (Figure 3) shows the d-d transition
at 530 nm for the A, —~>T,(0) transition and at 370 nm for
the A, >T5(0,) transition. If the S donor atom is coordina-
ted, the visible spectrum of 2 would have shown the d-d
transitions at much longer wavelength (~600 nm) than those
observed in this work.~' reflecting the relative positions
of the groups in the spectrochemical series -S™ <amine<-CO,".
Therefore, the structure II is eliminated, and in the s-cis-
[Co(dmedda)(met)] complex, the coordination fof the L-met
ligand takes place through the amine and carboxylate groups
(Structure III) to give a merridional N, O chelation.

The CD spectrum of 2 shows the negative dominant Cot-
ton effct in the A,,»7T,(0;) region indicating the fact that
2 has a A absolute configuration.®~*® In the 'H NMR spectra
of 2, the N-methyl protons of dmedda are shown at 2.4 and
2.7ppm, while the S-methyl protons of met at 2.5 or 2.8 ppm.
The a-carbon protons of met are shown at 4.0 ppm, and
the B- anhd y-canbon protons of met at, respectively, 3.0

Figure 2. The geometrical isomers of s-cis [Co(dmedda)(met)]
complex.
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Figure 3. Electronic absorption and CD spectra of A-s-cis-[Co
(dmedda)(L-met)] (—) and A-s-cis-[ Co(dmedda)(L-met-O)] (---).
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and 4.2 ppm as overlapped peaks with other protons.
Oxidation of 2 with Hy;O, in a 1:1 mole ratio has yielded
a sulfenate complex of 3 as a red violet crystalline solid.
The infrared spectrum of 3 shows the S-O stretching vibra-
tion at 1020 cm ™. The visible spectrum of 3 (Figure 4) shows
the Aue in the A,—>T,(0y) transition region at 546 nm,
which is shifted to ward the longer wavelength side by 16
nm than the unoxidized [Co(dmedda)(L-met)] complex. Such
shift is due to the electron withdrawing effect of SO as a
result of the oxidation at sufur atom. It is interesting to
note that the H;O, oxidation of 2 has occured without disrup-
tion of the primary coordination sphere of the cobalt center.
The CD curve for 3 (Figure 3) is somewhat different from

that of 2 because of the contribution from the sulfur atom -
which becomes a racemic chirai center upon oxidation, al-

though the configuration around this oxidized sulfur atom
is likely a racemic mixture of R and S. The pmr spectrum
of 3 shows a downfield shift and more broad peaks than
the unoxidized species of 2 owing to the electron withdra-
wing charater of the SO group upon oxidation of sulfur. The
S-methlyl protons are shifted to 2.65 ppm 2.25 ppm of 2,
while the B and y methylene protons of L-met-O to, resperc-
tively, 2.7-3.0 ppm and 2.7-3.1 ppm form 2.0-24 ppm.

In a separate experiment, oxidation of L-methionine with
stoichiometric amount of H;0; has yielded the L-methionine-
sulfenate compound (5). The direct reacton of 5 with the
racemic s-cis-[ Co(dmedda)CO;]~ complex (1) has given 4.
The 'H NMR, ir and visible absorption spectral data indicate
that the compounds 3 and 4 have the same structure and
absolute configuration. The visible spectrum of 4 showns the
Amaz for the A, —>T,(0,) transition at 546 nm as is the case
for 3. As observed for 3, the CD curve shows the dominant
negative Cotton effect in the A~>T,(0,) transition region,
indicating a A absolute configuration. As observed in the
stereospecific coordination of L-met to the racemic 1, it is
noted very interestingly that the L-met-O has shown a re-
markable stereospecificity in its coordination to the racemic
complex of 1 in this work.
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N,N’-dimethylethylenediamine-N,N’-di-a-butyric acid (H;
dmedba), an ONNO- type tetradentate ligand, has been found
to yield exclusively the s-cis (symmetric cis) geometrical iso-
mer in a series of cobalt(IIl) complexes, [Co(dmedba)(L)]"*
(L=Cl, (H,0),, CIH:0, COs?"). The geometrical isomerism
in the cobalt(IIl) complexes of the ONNO- type tetradentate
ligands has been studied extensively.’~® L-Cysteine (L-cys)
has been found to yield both A and A isomers in the [Co
(en)y(L-cys)]** complex® ! Several workers>~® have shown
that in the cysteinato cobalt(Ill) complexes of ethylenedia-
mine, [Co(en):(cys)]*", the controlled oxidation of the coor-
dinated sulfur atom leads to S-bonded sulfenatos and sulfi-
natos.

In this paper the stereospecific coordination of L-cysteine
in its reaction with. racemic s-cis-[Co(dmedba)CL,]~ (1) to
yield A-s-cis-[Co(dmedba)(L-cys)]~ (2) and the oxidation of
the coordinated sulfur atom to the sulfenato and sulfinato
stages are' described.



