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ABSTRACT

The syntheses of non-electrolyte complexes of the general formula
[Co(Hdmg),(HA)X], where Hdmg = dimethylglyoximato monoanion,
HA =glycine (Gly), Serine (Ser), Cysteine (Cys) or Cystine (Cys—Cys)
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and X=Cl, Br, I, SCN are described. The structure of the complexes
proposed according to elemental analyses, IR, UV-Visible and 'H NMR
spectra is pseudo-octahedral. The cyclic voltammograms in DMSO at a
GC disk electrode consist of two processes (I and II) corresponding to
oxidations, whereas the redox systems III and IV appear to be associated
with reduction processes. The Co(II)/Co(T) redox couple is reversible for
various complexes and is relatively insensitive to the axial ligand. The ,
Co(IIT)/Co(I) couple depends on the axial ligation, shows chemical
irreversibility and has a much slower rate of electron transfer than the
Co(I)/Co(l) couple due to the strong binding of the Lewis base to the

Co(1II) ion.

INTRODUCTION

The chemistry and the molecular structure of complexes of the type
[Co(Hdmg),RX], called cobaloximes, (where X=Lewis bases, Hdmg=
dimethylglyoxime monoanion, R=alkyl group) have been previously de-
scribed.”” =3 These compounds are interesting on one hand, because of their
extensive coordination chemistry, 451 and on the other hand, because of their
relevance to the chemistry of vitamin B . 671 As models for coenzyme B,
cobaloximes have been subjected to extensive studies including their electro-
chemical® and structural properties.'™

As part of our interest in the preparation of cobaloximes, we have
previously reported the synthesis and studies™® of [Co(Hdmg),(HA)X]
(where HA =alanine, threonine and histidine). As a continuation of our
work on similar complexes, we have now extended this chemistry to the
synthesis of a new series of cobalt(Il) bis(dimethylglyoximato) complexes
containing Gly, Ser, Cys and Cys—Cys as amino acid ligand and other halide
or pseudo-halide ligands (X =ClI, Br, I, SCN). The synthesis, characterization
and spectroscopic data for all these complexes are detailed below.

EXPERIMENTAL
Materials

All chemical reagents and solvents used in the synthesis of the com-
plexes were Fluka p.a. grade products and were used without further
purification. The amino acids used were: glycine (Gly), L(+ )serine (Ser),
L{+)cysteine (Cys) and L(— )cystine (Cys—Cys).
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Preparation of Complexes
Complexes [Co(Hdmg),(Gly)X]-3H,0 (X=Cl, Br, I, SCN)

To a solution of CoCl,-6H;0 (2.38 g, 10 mmol) for the preparation of
the chloro complexes or to a solution of Co(NO3),-6H,0 (2.91 g, 10 mmol)
in EtOH (30-40 mL) for the synthesis of all other complexes was added
solid Hpdmg (2.32 g, 20 mmol) and amino acid (Gly) (0.75 g, 10 mmol).
The mixture was stirred for 10 min. Solid NaBr (1.02 g, 10 mmol), Nal
(1.50 g, 10 mmol) or KSCN (0.97 g, 10 mmol) was then added and air-
oxidation was achieved by stirring vigorously in air for 45 min to 1 h 30
min. The complexes precipitated and were isolated by filtration, washed
with EtOH, diethyl ether and dried in air.

Complexes [Co(Hdmg),(Ser)X]-nH,0 (X=Cl, Br, I, SCN)

These complexes were prepared as described above in 50 to 70 mL of
EtOH and stirring for 2-3 h.

Complexes [Co(Hdmg),(HA)SCN] (HA=Cys, Cys—Cys)

These complexes were prepared as described above in 50 to 70 mL of
aqueous EtOH (50% vol./vol.). The mixture was stirred for 3—-4 h.

Physical Measurements

The elemental analyses were carried out at the Service Central
d’Analyse du CNRS (Vernaison, France). Conductance values were ob-
tained with a Tacussel CD-810 conductimeter at room temperature in 10 ~3
mol.L. ! solutions of the complexes in DMSO. The IR spectra of solid
samples (KBr discs) in the range 400—-4000 cm ~' were recorded on a
Shimadzu FTIR-9101 M spectrophotometer. The electronic absorption spec-
tra of solutions of the complexes in DMSO were recorded on a Shimadzu
UV-1601 UV-Visible spectrophotometer in the range 250-950 nm. The 'H
NMR spectra were obtained with a Jed GSX 270 MSB (270 MHz)
spectrophotometer in DMSO-dg solution for the complexes and for the
dimethylglyoxime ligand, and in D»O solution for the amino acid ligands,
using TMS as internal reference (Service Commun de RMN, Université
d’Angers). The electrochemical experiments were carried out using a 273-
EGG potentiostat—galvanostat. A typical three-electrode cell was used. The
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working electrode was a glassy carbon disc RDE (250 rpm); a platinum wire
was the counter electrode, and silver wire immersed in electrolyte solution
served as pseudo reference electrode. Both the reference electrode and the
counter electrode were separated from the analyte solution by a fritted glass
bridge. All solutions were deoxygenated by bubbling N, through the so-
lutions for 15 min.

RESULTS AND DISCUSSION

The analytical data of the complexes are summarized in Table 1.
Three series of complexes were obtained corresponding to the formulae
[Co(Hdmg),(Gly)X]-3H,0, [Co(Hdmg),(Ser)X]-nH,O where X=Cl, Br and
n=2, 3 or I and [Co(Hdmg),(HA)SCN] where HA =Gly, Ser, Cys or Cys-
Cys. The molar conductance values of all complexes in DMSO at 10>
mol.L ™! are in the range 12-30 Q! cm? mol ~! and suggest that the
complexes are non-electrolytes.

Infrared Spectra

The main IR bands of the ligands and their metal complexes are given
in Table 2. The IR spectra of amino acids show no characteristic absorption
bands assignable to the function NH, in the 3300-3500 cm ~ ! range, they
show the v(NH;*) frequency in the 3150-3170 cm ' region.!") In gly-
cine, cysteine and serine v(NH;*) is observed at 3170, 3170 and 3150
cm ~ !, respectively. The amino acids show a band in the 1660—1620 cm ~ '
range. This band may be attributed to the NH;* deformation."*! Two
absorption bands corresponding to the asymmetric and symmetric modes
occur in the ligands near 1575 around 1410 cm ™' that can be assigned to
the ionic carboxyl of the acid moiety.“z]

In the IR spectrum of Hydmg, a band of medium intensity at 1447
em ! is assigned to the v(C=N) vibration. The strong and sharp band
appearing at 1444 cm ™' is due to the stretching vibration band of the N—O
group. The broad band at 750 cm ~ " is attributed to 3(NOH) of the oxime
part of the molecule.

In some cases, the characteristic IR absorption bands of the ligands
are shifted to lower energy on complex formation and new bands, char-
acteristic of the complexes, appear. The band of medium intensity occurring
at around 3170 cm ~* corresponding to the v(NH; ") frequency in the free
amino acids series is shifted to 3100 cm ™' in the complexes. This is
probably attributable to v(NH,*). This band disappears in the serine com-



ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE » NEW YORK, NY 10016

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

39

Mixed-Ligand Co(III) Complexes

‘(8807 3ySrem sy Surpooa: pue O, (1 e Suneey Aq PRUIULISNGP) Iajem 2B = O°H,

‘§ 10 9g ‘D=X,

"amjeladua) sy je swe)s uonrsodwoos(y,

(€91) (o1 (991) &4't) (L 0E) ESEOLNODEHSTD
79T ¥6 19 8% TI'IE ove< 1Y umorg  ¢'/8¢  [(NDS)SAD—sAD%(Swpy)on]
(e Oz 6L €9 (805 E990N0D )
0ET  O0€T 181 6% 80¢ seT< 0s parumorg ¢'g6¢ [(NDS)sADE(BupH)oD)]
Ty e 68D ©F (81¢) SY0°NODTHD
LL €€l 181 0% ¢I¢ orz< 9L pelumorg gZcy [(NDS)1§%(3wp)oD)]
€1 €9 (7 ©LD @) W) S0°NODSIH D
01L L 0Zl  6LT 8% Lt 0Iz< I8 parumolg  €9Ly  OHe [(NDS)AIDUBuwpH)o))]
(€6 - (o &z Oy (G770 OTOSNTODEEHD
88 - 60l ¥I1 It L sTr< 8€ umorg  g'GLS O%He [res(wpy)oD]
(zon) - T e s (s OTOSNoDIgLH D
86 - 91T 6€T S¥ 8T oge< LS umoiq sy  7'8zs O%HE - [¥gresZ(SwpH)on)]
e - @D (s (€5) (€82 SO*NODIDH D
gL - LTl LST 6% 08T sTT< 9¢ umolq Qg £SO O%HT [1D198%(Swpm)o)]
(66) (€€0) ®on 621 5+ OO SOSNIODSEHID
96 LET  LOT Y€l TI¥ 81z 00T < S8 umorg 'S O%HE [TA1D%(BwpH)o)]
(8'01) - @1 o 0 O S0 NODIGSCHOTD
+01 - ¥IL  6€1 Sv LT 00z < 08 Mo[[ah umorg 186y O%HE [*gAIDYEwpH)o))]
611) - (ren s €9 9y SOENODIDSHYD
911 - 9¢l  ¢ST 05 997 S0z < 1L umorq ['ESy OHE-[1D415%4FwpH)0))]
OH X oD N H 0 (o) (%) pro1Ix Ino[o) g e[nuuoy punodwoy
(osp) AW

(%) (o1e0) punog

"saxadwoo ot jo ejep Eondreuy 7 agug



MARCEL DEKKER, INC. ¢« 270 MADISON AVENUE « NEW YORK, NY 10016

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

Adkhis et al.

40

"WNIPIW =W ‘Yeam =M ‘TUONS=S$ :SUOPEBIASIGQY

SGPIT S TIS SLEL MEPIT M ROV M 08ET M 098] M ZZ91 szl [(NDS)sAD—-sAQ%(3wpH)oD]

SEPIT  STIS W LEL M CTIT M 8OF] S €8€1 § $95T M1 S STIE [(NDS)SAD%(BurpH)0D]

8 8LIT

‘Seplz S EIS S 6EL - Ml S 08ET § LGST - uwQoIg [(NDS)198Z(BrupH)0D)

S 8L1T

‘|CPIT  SEIS M 6EL - Mgl S G8E1 8 09571 M 8601 s0STIE  OFHE[(INDS)IDHBwpH)oD]
- STIS q6SL MQSIT M 8GHT S 08¢ S GLST M 9E9[ - O%HE [11a8%(BwpH)o)]
- S60S WGCCL MPSI] M Ehp] S GLET S TLSI - - O°HE- (13084 (3wpH)0D]
= SG0S MQOL MQSIT M 8Pl S GLET w G/ST - = OFHE [1D1e8%BwpH)eD)
- STIS MBSL MEPIT M Eppl 8 GRET S GLGT M 0E9T  S080¢ O%HE-[IA1D%EwpH)o))]
—  STIS  MGChL MBCTT M EHpl S GRET S 9L61 S 8€9[ s 080¢€ O%He [1941D%(SwpH)oD]
-  STIS MGCHL MGCIT M Ghpl S GLET S $1G1 % 0191 S TYIg O%HEe 1A (Bwp)o)]
- - WS, SHPIT W L] . = = = Sup?y
- = - = = § 90p1 w GLGT M GZOT W OLIE 86D—~s6D
= - - - - S 861 M GIGT wgIeY W QLIE s&D
= = = = - W Gep] w 8L5] w991 S QSIE 18
= — = = - u ZTp M 0951 uw (791 8 OLIE INTs)

(SON)A (N-0D)A (ONDE (ONDA  (N=D)A (_00D)™A (_002)™ (LEHN)E (, SHN)A punodumo))

"SJUSWIUSISSE Y] PUE SpUeq [ Uy ‘7 2]qDL



MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016
- ™

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

Mixed-Ligand Co(III) Complexes 41

plexes. In this case, the bands may be masked by the —CH group absorp-
tion. All amino acids show characteristic bands in the 1660-1610 cm ~!
range'” and these vibrations are attributed to the NH;* deformation. In
coordination compounds, the deformation bands 8(NH,™) occur in the
1610-1338 cm ~ ! region. This absorption is not observed in all the serine
complexes because it is probably associated with an asymmetric ionic
stretching vibration band of the carboxyl, v,,(COO ™).

The two absorption bands occurring near 1575 cm ~ ' and 1410 cm !
in amino acids"? corresponding to the asymmetric and symmetric stretch-
ing vibration bands of the iomnic carboxyl in the complexes, are shifted to
lower frequencies, 1570 cm ~ , as broad bands and at 1380 cm ~ 1 as sharp
bands, respectively. The IR spectra of the complexes suggest that the
amino acids are coordinated through the nitrogen atom of the amino
group.

The v(C=N) frequency at 1447 cm ™' in free Hodmg is observed at
around 1445 cm ~ ! in the spectra of the complexes. This suggests that the
ligand is coordinated to the metal ion through the nitrogen of the oxime.!!*!
The appearance of a simple band at 1447 cm ™' in H,dmg shows that the
two oxime groups are identical while the appearance of a band for the com-
plexes at around 1150 cm ~, is assignable to v(NO). The sharp band oc-
curring in the 737-760 cm ~' region in all the complexes is assigned to
8(NOH). All the thiocyanato complexes exhibit a very strong and sharp band
at around 2145 cm ~ ! assignable to the v(SCN) vibration.™™

The spectra of the complexes exhibit a new strong and sharp band at
around 511 cm ~ ' which is not found in the spectra of the free ligands. In
agreement with IR spectral studies on cobaloximes!'*'” this band is as-
signed to v(Co—N).

All the complexes with glycine and serine show a broad band of strong
intensity at 3540 cm ' and in a few cases at around 3450 cm ™Y, as
excepted for [Co(Hdmg),(Ser)SCN]. It can be attributed to the v(OH) of
water crystallisation. The IR spectra of [Co(Hdmg),(Cys)SCN] and
[Co(Hdmg),(Cys—Cys)SCN] do not show the presence of water of crys-
tallization molecules.

'H NMR Spectra

The chemical shift of the methyl group of dimethylglyoxime (0.95
ppm) shifts considerably downfield in the complexes (to around 2.30 ppm)
indicating that this ligand is coordinated through the nitrogen atoms. The
dimethylglyoximato methyl group resonances are almost invariant across
the series."® The complexes and Hodmg are only soluble in DMSO or
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DMF, but the amino acids are not soluble in these same solvents. Thus, we
have recorded the 'H NMR spectra of the amino acids using D,O solutions
and all others in DMSO-dg. It is not possible to compare the chemical
shifts in different solvents; however, these spectra show unambiguously, in
each case, that Hdmg coordinates through the nitrogen atoms.

Electronic Spectra

In DMSO solutions (around 5.10 ™3 mol.L~?! for visible and 5.10 7
mol.L. ™! for UV spectra), the spectra of the complexes show two d—d
transition bands and two bands due to ligand to metal charge transfer, all in
the near-UV range. The positions of these bands and the molar absorption
coefficients £ are given in Table 3.

The spectra in DMSQ solution for the cobalt(IIl) complexes show two
peaks of weak to moderate intensity at around 14,000-15,000 cm ~' and
17,000—18,000 cm ™~ ' assignable to 'A;;— 'Tyg and 'A;g— 'To, transi-
tions, respectively, typical of low-spin, six-coordinated cobalt(IIIl) com-
plexes.!'” The variation of the position of the d—d transition bands agrees
with the spectrochemical series: I<Br<(Cl for the halo complexes.

Unfortunately, the first d—d transition in the spectra of the thiocyanato
series is not observed for all the complexes and it is not possible to classify
the amino acids in increasing order of ligand field. For the thiocyanato
complexes, the transition energies are quite identical. So, the amino acids
involved in this series lead to an identical ligand field. This could be
expected as these amino acids coordinate through the same atom: N from
amino acid group.

Two additional bands appear in the range 20,500—26,000 cm ~' and
29,500—33,000 cm ~!. These bands are due to ligand to metal charge
transfer n (L) —d (Co) transition. They are shifted to lower energies and
this order follows the decreasing electronegativity of the halogens.

The analytical data and the spectroscopic studies show that these
complexes are formulated as [Co(Hdmg),(HA)X]. The Co(IIl) cation pre-
sents an octahedral geometry where the two Hdmg are bounded in the
equatorial positions while the monodentate amino acid and the halogenide
or the thiocyanate ions are located at the free axial positions. The structure
is presented on Figure 1.

Electrochemical Behavior of the Complexes

The cyclic voltammograms of these complexes in DMSO consist in
four redox processes labelled I, II, I and IV. A cyclic voltammogram of
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R = H (glycine); CH,-OH (serine); CH;-SH (cysteine);
H,C-8-S-CH,(NH,)-COOH (cystine)

Figure 1. Suggested structures of the complexes.

[Co(Hdmg),SerCl]-3H,0 is shown in Figure 2. The cyclic voltammetric
data for the oxidation and the reduction of the halo and thiocyanato
complexes are presented in Table 4. The parameters, namely ipa/ipc and
AEp, used to evaluate the reversibility of the redox couples are given in the
last two columns.[*®?%]

Processes I and II are oxidative while processes IIl and IV are re-
ductive ones. On the basis of the results reported[g’m] on the cobaloxime
complexes, the assignment of the various redox sites of the Co(III) containing
complexes studied show that the redox systems IIl and IV are metal-based
and correspond to the successive reduction processes, Co(Ill)/Co(II) and
Co(II)/Co(I). The values of the anodic peak potentials (Epa=+0.86 V) and
cathodic peak potentials (Epc= +0.75 V) taken from the voltammogram of
H,dmg, compared with those obtained for the complexes, indicate that the
oxidating process I originates at the glyoximate moiety.

In order to identify the redox sites involved in the different oxidation
steps, we have recorded the cyclic voltammograms of halide and thio-
cyanate salts under identical experimental conditions. Thus, the chloride,
bromide and iodide salts undergo oxidation (Epa ranging between +0.05
and +0.15 V). The reduction is observed only for the bromide and iodide
salts at —0.15 and —0.05 V, respectively. Whereas the voltammogram of
KSCN shows two waves corresponding to Epa= —0.10 V and Epc= —0.30
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Figure 2. Cyclic voltammetric data for the reduction of [Co(Hdmg),(Ser)C]-3H,0
(1.10 ™% M) at a glassy carbon disc electrode containing 0.1 M NaClQ, at 20 °C.

V at a scan rate of 300 mVs~!. The waves corresponding to the redox
system II, compared to those obtained for the salts may be attributed to the
oxidation of the halide™® or thiocyanate ion. Similarly, it was mentioned
that a wave due to the oxidation of a chloride ion is observed on the vol-

tammogram of the complex [Co(Hdmg)zPyCI].[m

Complexes [Co(Hdmg),(HA)X]-3H,0 (HA =Gly, Ser and X =Cl, Br, I)

In the case of these complexes, the oxidation processes I are ir-
reversible as evidenced by the lack of a reduction wave during the reverse
scan. The only anodic signal displayed by most of the complexes appearing
at the potential Epass +0.90 V as process I can be attributed to the Hdmg
ligand.®! Whereas the redox systems II show chemical reversibility
(AEp~70-100 mV) for the halo complexes. Voltammograms of salts
containing Cl, Br, I and those of the complexes exhibits similar waves.
This observation demonstrates that processes II corresponds to the oxi-
dation of the halogens. For the Co(II)/Co(Il) couple, the values of the
anodic and cathodic peak potentials increase progressively in the following
order of:

Cl<Br«<l
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It is seen in Table 4 that for the redox system III, the ratio of the
anodic peak current to the cathodic peak current ranges between 0.25 and
0.55 indicative of the irmreversibility of the Co(II)/Co(II) couple. The
separation between the anodic and cathodic peak potentials, AEp, is large,
ranging from 190 mV to 250 mV at the sweep rate of 400 mV s~ for the
Co(IIT)/Co(II) redox couple, indicative of its electrochemical irreversibil-
ity.?) Also, both cathodic and anodic peaks of this couple lack the
characteristic sharpness of a reversible electrode reaction. The values of the
anodic and cathodic potentials in Table 4 show the sensitivity of the
Co(IIT)/Co(II) couple to the nature of the axial ligand. This phenomenon is
described in the electrochemistry of cobaloximes.® 132!

The anodic waves corresponding to the oxidation of Co(Il) to Co(III)
were poorly resolved, for the same couple, the cathodic peaks shift to
potentials that are more negative with increasing sweep rate, confirming the
character of an irreversible system.

The causes of the irreversibility may be attributed to extensive bond
breaking during the reduction of the [Co(III)(Hdmg),(HA)X]-3H,0 com-
plex. Thus, the axial ligand (X ™) is lost and the formation of a five-co-
ordinate Co(Il) complex is envisioned.!"®!

[Co(III) (Hdmg), (HA)X]-3H,0 + e
— [Co(II)(Hdmg),(HA)] + X~ (X = Cl, Br,I)

In the case of the Co(II)/Co(I) redox couple, the separation between the
anodic and cathodic peak potentials span the 100-130 mV range at all
sweep rates and the ipafipc ratio~20.75-0.95, indicating the electrochem-
ical reversibility of the couple. The observed insensitivity of the Co(Il)/
Co(I) couple to the nature of the various axial ligands also has been des-
cribed in previous works on cobalt complexes.'®®?! The invariance of the
position of the cathodic peak corresponding to the process Co(II) — Co(l) is
probably due to the weak axial interactions in these cobalt(Il) complexes
which are considered to be five-coordinate.

Complexes [Co(Hdmg),(HA)SCN] (HA=Gly, Ser, Cys and Cys—Cys)

The thiocyanato complex exhibits the same voltammetric behavior as
does the halo complex. However, for these compounds only one anodic
peak corresponding to the system II is well observed but the wave po-
tentials Epc are very poorly defined. Consequently, this redox system dis-
plays a lesser degree of reversibility than the halo complexes.
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For the complexes of cysteine and cystine the waves corresponding to
the oxidation of the Co(III)/Co(II) couple are not well resolved, confirming
the irreversible character of the couple. The separation between the anodic
and cathodic peak potentials, AEp, is higher (210-250 mV) indicating a
slow electron transfer for this couple.

When the complexes undergo reduction from Co(I) — Co(I), the ratio
ipa/ipc ~#0.96—0.98 indicates that the couple has chemical reversibility.
Further, for the [Co(Hdmg),CysSCN] and {[Co(Hdmg),GlySCN]-3H,0
complexes, the Co(II)/Co(I) couple exhibits poor reversibility (ipa/
ipc=0.70). In this case, a chemical reaction is probably coupled to the
electrochemical reaction.
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