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Five (bidentate-N,S or -0,S)bis(ethylenediamine)cobalt(IIT) complexes have been optically resolved and
their absolute configurations deduced from their circular dichroism (CD) spectra, where bidentate-N,$ or -0,§

are NH,(CH,),S-, NH,(CH,),SR (R=CHj, and C,H;), and CH,S(CH,),CO,~ (n=1 and 2).

The chromato-

graphic, CD, and NMR behaviors suggest that the thioether donor atoms are coordinated stereoselectively
producing the A4-(S) or A-(R) complexes. Three (terdentate-N,S,0)[1,1,1-tris(aminomethyl)ethane]cobalt(III)
complexes of NH,(CH,),SCH,CO,~, NH,(CH,),S(CH,),CO,~, and 1-CH;SCH,CH(NH,)CO,~ have been
prepared and the complexes of the former two ligands optically resolved; the absolute configurations have been

discussed on the basis of the CD spectra.

Some bis(ethylenediamine)cobalt(III)  complexes
with a bidentate ligand containing a sulfur donor atom,
such as 2-aminoethanethiol, mercaptoacetic acid, and
the related thioethers, have been prepared and the ab-
sorption spectra have been discussed.'-®) The contribu-
tion of the coordinated sulfur atom of the thioether
ligands to CD spectra would be an interesting study.
However, no report seems to have appeared on the
circular dichroism (CD) spectra of these complexes.

Two series of mixed cobalt(III) complexes with a
bi- or a terdentate ligand containing a thioether donor
atom, [Co(bidentate-N,S or -0,8)(en),]"* and [Co-
(terdentate-N,S,0)(tame)]** have been prepared and
resolved into optical antipodes, and their absorption
and CD spectra are discussed in relation to the ab-
solute configurations. Abbreviations used for the
ligands are as follows: Haet, 2-aminoethanethiol NH,-
(CH,),SH ; mea, 2-(methylthio)ethylamine NH,(CH,),-
SCH,; eea, 2-(ethylthio)ethylamine NH,(CH,),SC,H,;
Hmta, (methylthio)acetic acid CH;SCH,CO,H ; Hmtp,
3-(methylthio)propionic ~ acid = CH;S(CH,),CO,H;
Haeta, (2-aminoethylthio)acetic acid NH,(CH,),SCH,-
CO,H; Haetp, 3-(2-aminoethylthio)propionic acid NH,-
(CH,),S(CH,),CO,H; 1r-Hsmc, S-methyl-L-cysteine
CH,SCH,CH(NH,)CO,H; en, ethylenediamine NH,-
(CH,),NH,; tame, 1,1,1-tris(aminomethyl)ethane CHj-
C(CH,NH,);; d-H,tart, d-tartaric acid C,OgH,.

Experimental

Preparation of Ligands. 7,1,7-Tris(aminomethyl ) ethane:
This ligand was prepared by the method of Fleischer et al.®)
Found: G, 26.61; H, 8.19; N, 18.34%,. Calcd for G;H;N,-
3HCl: G, 26.51; H, 8.01; N, 18.55%,.

( 2-Aminoethylihio ) acetic Acid: A solution of 77.2 g of 2-
aminoethanethiol in 250 cm?® of water was mixed with a solu-
tion of 94.5 g of monochloroacetic acid and 56.1 g of potassium
hydroxide in 200 cm?® of water with vigorous stirring at 80—
85 °C on a water bath. The mixed solution was stirred for
ca. 1 h and cooled in an ice bath. 185 cm3 of 609, perchloric
acid was then added and the resulting deposit, KClO,, was
filtered off. The filtrate was concentrated in a vacuum
evaporator until it became oily and the deposit, KClO,, was
again filtered off. This filtrate was cooled in a refrigerator
overnight. The white needles precipitated were recrystallized

* Present address: Department of Chemistry, The Uni-
versity of Tsukuba, Ibaraki, 300-31.

from a small amount of ethanol and dried in a vacuum desic-
cator over CaCl,. The second crop was obtained by stand-
ing the above filtrate in a refrigerator for several weeks.
The total yield: 70%. Found: C, 30.71; H, 6.28; N,
9.09; S, 20.41; ClI, 11.55%. Calcd for G;H,NSO,-0.5HCI:
G, 30.52; H, 6.08; N, 8.90; S, 20.37; CI, 11.26%,.

3-(2-Aminoethylthio ) propionic Acid. This was prepared
as described above, except that 3-bromopropionic acid was
used instead of monochloroacetic acid. The yield: 759%,.
Found: C, 25.52; H, 5.39; N, 5.87; S, 13.07; Br, 33.849%,.
Calcd for G;H,;;NSO,-HBr-0.5H,0: C, 25.11; H, 5.48; N,
5.86; S, 13.41; Br, 33.419%.

Preparation and Resolution of Complexes. ( 2-Aminoethane-
thiolato ) bis(ethylenediamine )cobalt(III) Complexes, [Co(aet) (en),]-
Cly-H,0: The chloride salt was prepared by the method
of Hori.V

(+ )sge-[Co(aet)(en),](ClO,),: The racemic chloride mono-
hydrate (1g) and the resolving agent K,[Sb,(d-tart),]-
3H,O (0.99 g) were dissolved in 10 cm?® of water at 60 °C.
On scratching the side of the flask with a glass rod, the brown
diastereomer (4 );g9-[Co(act) (en),][Sby(d-tart),]-2H,O ap-
peared. The mixture was cooled in an ice bath for ca. 10
min and then filtered off. The precipitate was washed with
ice cold water, ethanol and acetone. Found: C, 20.05;
H, 3.71; N, 8.66%. GCalcd for (4 )sg9-[Co(aet)(en),][Sb,-
(d-tart),] - 2H,0=C, ,H;4N;SO,,CoSb,: C, 20.34; H, 3.66;
N, 8.479%,. The diastereomer (0.8 g) was ground in a mortar;
water (60 cm®) was added and then excess sodium perchlorate
(5 g), and the mixture was stirred for 10 min. After filtra-
tion, the solution was evaporated to 10 cm3® and cooled in
an ice bath. The needle-shaped crystals were removed by
filtration and washed with 509, ethanol and acetone. The
yield was 0.3g. Found: G, 15.96; H, 4.91; N, 15.319%,.
Calcd for (4 )sg9-[Co(aet)(en),](ClO,) = CgH,,N;SO4Cl,Co:
G, 15.87; H, 4.88; N, 15.429.

[2-( Methythio ) ethylamineg)bis(ethylenediamine )cobalt(1II) ~ Com-
plexes, [Co(mea)(en),]Cly-H,O: The racemic complex was
derived from the reaction of [Co(aet)(en),]Cl,-H,O and
methyl iodide according to the method of Hori.V

(+ )ss9-[Co(mea) (en),]Cly- H,O: The racemic chloride
monohydrate (1.91 g) and the resolving agent Na,[Sb,(d-
tart),] - 2H,O (1.54 g) were dissolved in 10 cm?® of water at
50 °C. After being cooled to room temperature, the mixed
solution was allowed to stand overnight in a refrigerator.
The less soluble diastereomer deposited as orange precipitate
was recrystallized from a small amount of hot water.
Found: G, 20.40; H, 3.83; N, 8.06%. Calcd for (4 )sg-
[Co(mea) (en),]CI[Sb, (d- tart),] -2H,0=C,;H,,N;SO,,ClCo-
Sb,: G, 20.53; H, 3.79; N, 7.98%,. The diastereomer was
converted into the optically active chloride salt by use of
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an anion exchange resin (Dowex 1X8, Cl- form). Found:
C, 22.47; H, 7.24; N, 17:20%. Calcd for (+ )sg-[Co(mea)-
(en),]Cl,- H,O - 1/3C,H;OH=CgH,,N,SOCI,;Co-1/3C,H,OH:
C, 22.46; H, 7.13; N, 17.089%,.

[2-( Ethylthio) ethylaminelbis(ethylenediamine ) cobalt(III)  Com-
plexes, [Co(eea)(en)y)Cly-2H,0: This complex was obtained
according to the above procedure, with use of ethyl iodide
instead of methyl iodide.

(+)sgo-[Co(eea) (en),]**: The resolution procedure was
similar to that for [Co(mea) (en),]Cl;-H,O. Found: G, 20.54;
H, 4.33: N, 7.289%,. Calcd for (- )s5-[Co(eea)(en),]CI[Sb,-
(d-tart),] -4.5H,0=C14H(N;SO,4.;ClCoSb,: G, 20.52; H,
4.31; N, 7.48%. The optically active chloride salt was ob-
tained by use of an anion exchange resin (Dowex 1X8, Cl-
form). The CD spectrum of this complex was measured
with the eluate, the concentration being calculated from the
CD intensity referring to that of the diastereomer.

[( Methylthio ) acetato]bis( ethylenediamine ) cobalt(1II) ~ Complexes,
[Co(mta)(en),]Cl,:  This complex was prcpared by the re-
action of methyl iodide and [Co(SCH,CO,)(en),]Cl, the
latter being prepared according to the literature.?

(+ )sgg-[Co(mia)(en),1Cly-1.5H,0: The racemic chloride
(0.71 g) was dissolved in 2 cm?® of water at 40 °C. Freshly
precipitated silver tartrate, Ag,(d-Hytart) (0.27 g), was added
and the mixture was stirred for 10 min. The silver chloride
was filtered off, washed with water (1 cm®). Then d-tartaric
acid (0.15 g) was added to the filtrate and washing. The
mixed solution was cooled in an ice bath. The red diaste-
reomer thus precipitated was recrystallized from 2 cm?® of hot
water by addition of ethanol. Found: GC, 29.45; H, 5.76;
N, 9.029%. Caled for (4 )sge-[Co(mta)(en),](d-Hjtart),-
2H,0=C;H,;;N,SO,,Co: C, 29.13; H, 5.70; N, 9.06%,.
The diastercomer was converted into the optically active
chloride salt by use of an anion exchange resin (Dowex 1X8,
Cl- form). Found: G, 21.93; H, 6.25; N, 14.85%,. Calcd
for (4 )sge-[Co(mta)(en),]Cl,;-1.5H,0=C,H,,N,SO; ;Cl,Co:
C, 22.00;-H, 6.32; N, 14.66%,.

[3-( Methylthio ) propionato]bis( ethylenediamine )cobalt(III)  Com-
plexes, [Co(mtp) (en),]Cly: This complex was prepared accord-
ing to the method described above, except that [Co(SCH,CH,-
COy) (en),]Cl was used instead of [Co(SCH,CO,)(en),]Cl.

(— )sso~LCo(mip) (en),]Cl,-0.5H,0: The racemic chloride
(1.16 g) and the' resolving agent Na,[Sb,(d-tart),]-2H,O
(0.93 g) were dissolved in 4 cm® water at 50 °C. After the
solution had been cooled to rocm temperature, the diastereo-
mer deposited was filtered and recrystallized from a small

amount of hot water by addition of ethancl. Found: C,
20.48; H, 4.03; N, 6.29%,. Calcd for (—)sg59-[Co(mtp) (en),]-
[Sby(d-tart),] - 5H,O=C1¢H;,N,SO,4CoSb,: C, 20.80; H,

4.04; N, 6.059%,. The optically active chloride salt was oh-
tained by use of an anion exchange resin (Dowex 1X8, Cl-
form). Found: C, 25.33; H, 6.44; N, 14.929,. Calcd
for (—)sge-[Co(mtp)(en),]Cl,-0.5H,0=CsH,,N,SO, ;Cl,Co:
C, 25.41; H, 6.40; N, 14.819%,.

[ ( 2-Aminoethylthio ) acetato] [7,7,7-tris (aminomethyl ) ethane] cobalt-
(III) Complexes, [Co(aeta)(tame)]Cly-0.5H,0:  1,1,1-Thris-
(aminomethyl)ethane (3.4 g) and sodium hydroxide (1.8g)
were added at 0°C to a green solution of tricarbonatocobaltate-
(I1I) prepared by the method of Shibata” in a 3.6 g scale of
CoCl,-6H,O. The mixture was then heated to 40 °C and
stirred for 1.5 h.  After addition of 3 g of (2-aminoethylthio)-
acetic acid hemihydrochloride, the solution was stirred at ca.
60 °C for 3 h, whercupon the solution turncd from violet to
red. 6 M acetic acid was then added until gas evolution
ceased and the stirring was continued for 2 h at 80 °C. The
resulting red solution was evaporated in vacuo and then cooled.
The chloride salt thus precipitated was recrystallized from a
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small volume of water by addition of ethanol. Found: C,
27.52; \H, 6.25; N, 14.77%. Calcd for [Co(acta)(tame)]-
ClL,:0.5H,0=C,H,,N,SO, (G,Co: C,-27.70y H, 6.20; N,
14.359%,.

(+ )sse-[Co(acta) (tame)1Cl,-1.5H,0: The racemic chloride
(0.39 g) was dissolved in 5 cm? of water at 40 °C. Potassium
tris(L-cysteinesulfinato- N,S)cobaltate(III) 6-hydrate, K,[Co-
(L-cysu),] -6H,O% (0.22 g) dissolved in 5 cm3 of water was
added with stirring. The mixed solution was kept in a re-
frigerator for ca. 1 h. The orange yellow diastereomer pre-
cipitated was filtered and then recrystallized from a large
amdunt of water. Found: G, 23.73; H, 5.59; N, 11.289%,.
Caled for (+);g9-[Co(acta){tame)]3[Co(L-cysu),];- 14H,0.-
2KCl=CjH;,;N;8,0,,CL,Co;K,: C, 23.9t; H, 5.66; N,
11.15%. The optically active chloride salt was obtained by
use of an anion exchange resin (Dowex 1X8, Cl* form).
Found: G, 24.97; H, 6.20; N, 13.18%. Calcd for (-+)seq-
[Co(aeta) (tame)] Cl,- 1.5H,0 - 1/4K Cl= CyH,,N,SO, ;Cl,Co-
1/4KCl: G, 25.32; H, 6.14; N, 13.13%. '

[3-(2-Aminoethylthio ) propionato] [1,1,7-tris( aminomethyl ) ethane]-
cobalt(III)  Complexes, [Co(aetp) (tame)] Bry-1.5H,0: This
complex was prepared according to the method described
above, with use of 3-/2-aminoethylthio)propionic acid mono-
hydrobromide instead of (2-aminoethylthio)acetic acid hemi-
hydrochloride. Found: G, 23.45; H, 5.90; N, 11.35%,.
Calcd for [Co(actp)(tame)]Brz-1.5H2O=CIOH28N4SOQ'5Br2-
Co: G, 23.48; H, 5.52; N, 10.96%,.

(— )sso-[Co(aetp) (tame)]*+: 'The racemic bromide was.op-
tically resolved by the same method as that for [Co(aeta)-
(tame)]Cl,. The CD spectrum of this complex was measured
with the eluate and the concentration was calculated from
the optical density referring to that of the racemic complex.

Trinitro[1,1,7-tris( aminomethyl) ethane]cobalt (1II), [Co(NO,),-
(tame)]:  1,1,1-Tris(aminomethyl)ethane  trihydrochloride
(4.5g) and sodium hydroxide (2.4 g) were dissolved in 15
cm? of water and the mixture was transferred to a separatory
funnel. ' The solution was added dropwise to a solution of
Na;[Co(NO,)e]” (8.1 g) in 20 cm® of water at 70 °C. A
yellow precipitate was formed readily and removed by filtra-
tion. The crude product was recrystallized from a small
amount of hot water. The yield was2 g. Found: C, 19.05;
H, 4.92; N, 26.789,. Calcd for [Co(NO,),(tame)]=CzH,;-
NgOgCo: C, 19.12; H, 4.81; N, 26.75%,.

Trichloro [1,1,1 - tris (aminomethyl) ethane] cobait (11I), [GoCl,-
(tame)]-0.75H,0: Trinitro[1,1,1-tris (aminomethyl) ethane]+
cobalt(III) (2.5 g) was added to 80 cm3 of ethanol saturated
with hydrogen chloride and gently stirred until the evolution
of nitrogen oxide ceased. The solution was kept standing
overnight at room temperature. The deep blue precipitate
was filtered off and washed with ethanol and ether repeatedly
until the washings became colorless. The reaction proceeded
almost quantitatively; the yield was 1.9 g.  Found:; C,20.13;
H, 5.43; N, 14.25%. CQCalcd for [CoCl(tame)]-0.75H,0=
GsH,.5N304.25C1,Co: G, 20.29; H, 5.62; N, 14.20%.

(S - Methyl - L. - ¢ysteinato) [7,7,1 - tris( aminomethyl ) ethane] cobalt-
(I1I) . Chloride; [Co(L-smc)(tame)]Cl,: Trichloro[l,1,1-tris-
(aminomethyl)ethane]cobalt(III) (0.9 g) was suspended in
water (10 cm?®); silver perchlorate (1.98 g) was added .and
the mixture was shaken for 10 min. The resulting .solution
was filtered in order to remove the silver chloride. The
solution obtained by dissolving S-methyl-L-cysteine (0.4] g)
and sodium hydroxide (0.13 g) in 10 cm® of water was then
added. The mixed solution was heated to 70 °C and stirred
for 3 h. The reaction mixture was poured into a column of
SP-Sephadex C-25 (3% 40 cm, Na* form). The adsorbed
band was eluted with 0.15 M NaCl solution at the rate of
c¢a. 0.5 cm3/min. The second orange-red eluate was evaporat-
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ed and the deposit, NaCl, was filtered off. To the filtrate
was added a large amount of ethanol. The crude product
thus obtained was recrystallized from a minimum quantity
of water by addition of ethanol, and washed with ethanol
and then acetone, and dried in a vacuum desiccator. Found:
C, 21.09; H, 4.65; N, 11.319%,. Calcd for [Co(L-smc)(tame)]-
Cl,-2NaCl= C,H,;N,SO,Cl,Co-2NaCl: C, 21.70; H, 4.65;
N, 11.259%,.

Measurements. The electronic absorption spectra were
measured on a Shimadzu UV-200 spectrophotometer in
aqueous solution. The CD spectra were recorded with a
Jasco MOE-1 spectropolarimeter, with a cell of 1 cm path-
length. A Jasco DIP-4 digital polarimeter was used to check
the optical rotations. The proton magnetic resonance spec-
tra were recorded in deuterium oxide on a Varian XL-100-15
NMR spectrometer with DSS as an internal reference. All
measurements were carried out at room temperature.

Results and Discussion

Absorption Spectra. The first absorption maxi-
mum of [Co(aet)(en),]?*, which belongs to [Co(N),(S)]
type having a thiolato group, appears at 20800 cm~!
with a shoulder on the low energy side (Fig. 1 and Table
1).  The spectrum is very similar to the spectra of [Co-
(L-cyst)(en),]I, [Co(r-Hcyst)(en),]ICl, and [Co(L-
cystee) (en),]I,9 (L-Hycyst=1-cysteine and rL-Hcystee=
L-cysteine ethyl ester), in which the sulfur containing
ligands are coordinated through the amino and thiolato
groups. Based on the approximate C,, symmetry, the
lower energy band is assigned to the transition 'A;—1E,
and the higher band to 'A;—!A,. The ligand field
strength of the thiolato group is very weak and falls
close to iodide in the spectrochemical series.

On the other hand, the complexes [Co(mea)(en),]3+
and [Co(eea)(en),]3* which belong to [Co(N),(S)] type
having a thioether donor atom, show a single band at
20500 cm~! (Fig. 2 and Table 1). The energy cor-
responds to that for the [Co(N);(O)] type complexes,
[Co(gly)(en),]?*, [Co(r-ala)(en);]?*, and [Co(sar)-
(en),]?*+ (gly=glycinate, L-ala=L-alaninate, and sar=
N-methyl glycinate). As seen in Fig. 3, the first ab-
sorption maxima of the thioether complexes [Co(mta)-
(en),]*+ and [Co (mtp)(en),]?+, which belong to [Co-
(N)4(O)(S)] type, appear at 20000 and 20100 cm™1,
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0.5 (10°cm™?)
0 N
20

o W
« o1 4
<1 —1.0r Pl 2

—1.5

Fig. 1. Absorption and CD spectra of (- );ge-[Co(act)-
(en),](CIO,),.
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AsBsorpTION AND CD DATA OF
BIS(ETHYLENEDIAMINE) COMPLEXES

Complex

Umaxa) (log 8)

Toxis® (A)

(+)ss0-[Co(aet) (en),]-

(C1Oy).

(+)s80-[Co(mea)-

(en),]Cl;

(+)s89-[Co(eea)-

(en)o]**

(+)589-[Co(mta) (eﬂ)z]Clz

17 (1.85)
20.8(2.31)

27 (2.62)°
35.4 (4.24)

20.5(2.25)
28 (2.35)9

35.5(3.92)
45.8(4.21)

20.5(2.25) b

28 (2.37)b®

35.5(3.94)»
45.3(4.22)®

20.0(2.20)

28 (2.35)%
35.7(3.85)

43.7(4.14)

(—)sso-[Co(mtp) (en),]Cl, 20.1(2.27)

27 (2.36)°)
34.6(3.93)
44.5(4.15)

17 (+0.36)®
19.1(+0.54)
21.8(—0.12)
26.5(—0.28)
35.1(—2.12)
45.7(—4.70)

20.1(+3.22)
26.0(+0.06)
28.1(—0.13)
35.5(+5.09)
47.2(—11.2)

20.0(+2.84)
26.0(—0.05)
28.0(—0.08)
35.4(+6.73)
46.4(—22.2)

18.9(+2.28)
21.1(+2.43)
27.5(—0.77)
33.9(—1.59)
38.0 (+4.44)
43.9(—23.4)

19 (—0.65)
21.2(—2.15)
27.2(+0.99)
33.7(+2.93)
44 (+7.38)0

a) The wave numbers are given in 10> cm~! unit. b)

The racemate.

c) A shoulder.

log ¢

Ae

Fig. 2. Absorption and CD spectra of (4 );g9-[Co-
(mea)(en),]Cly (——) and (4 )sgs-[Co(eea)(en),]Cly

(-==)-

respectively, in line with that of [Co(ox)(en),]* which

belongs to a [Co(N),(O),] type.

Thus, the thioether

R-S5-R seems to lie close to the COO~ group in the

spectrochemical series.

The three tame complexes also

belong to the. [Co(N),(O)(S)] type having the first ab-
sorption maxima at 20300—20400 cm~! (Fig. 4 and
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Fig. 3. Absorption and CD spectra of (4 )sge-[Co-
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TABLE 2. AssorRPTION AND CD DATA OF
[Co(terdentate-N,S,0) (tame) ]+ COMPLEXES

(mta)(en),]Cly (

) and (—)sg-[Co(mtp)(en),]Cl,

Complex 0 max® (log €) Ooxt® (A€)

(4 )ss9-[Co(acta)- 20.3(2.12)» 18.8(+1.46)
(tame)]Cl, 21.3(—1.75)
28.6(2.41)» 28.8(+0.61)

35.7(3.93)»9 35.1(+2.79)

42.4(4.22)» 39.6(—9.08)

43.7(+7.89)

48.1(—12.7)

(—)ss9-[Coo(aetp)- 20.3(2.24)» 18.7(—0.66)
(tame) ]2+ 21.4(+0.99)
28 (2.43)b0) 28.3(—0.40)
35.0(4.03)» 34.7(—2.03)
44.0(4.18)» 42.9(+3.76)
47.5(+3.14)
(—)ss9-[Co(L-smc)- 20.4(2.05) 18.7(—1.39)
(tame)]Cl, 21.2(+1.08)
28 (2.25)9 28.4(—0.79)

34.7(4.02) 34.8(—11.9)

44 .4(4.21) 43.5(+14.3)

—

’
! \ 1
NS
I,’,/\\ \\‘ 2

L/ =, ) .
1 / 4-\‘ 30 / /\/‘\\ \
0 Ny ] I
© “\\‘/, 20 Ni— -s\\ /740 \ 50
a b Y =N W aven
1 v \\ ’
-2 ' \/
N <L
N/ 5
—3 N

Fig. 4. Absorption and CD spectra of (-} )ge-[Co-
(aeta)(tame)]**  (——),  (—)sgo-[Co(actp) (tame)]*+
(—-—=); and (—)sg-[Co(L-smc)(tame)]*+ (----).

Table 2). These maxima are somewhat shifted to
higher energy than those of the bis(ethylenediamine)
complexes.

In the near-ultraviolet region, the complexes show
intense bands (log e=4.0). Such bands appear al-
ways for the cobalt(III) complexes containing sulfur
donor atoms,1°-12) and are considered to be the charge
transfer bands due to the lone-pair electrons on the
sulfur donor.

CD Spectra of the Bis(ethylenediamine) Complexes.

The optical isomer of the complex containing a thiolato
group, (+)sse-[Co(aet)(en),](ClO,), which has only a
chirality due to the skew pair of chelate rings, exhibits
three weak CD bands in the first absorption band region
(Fig. 1). Based on the assignment of the absorption
components, two low energy positive bands can be as-
signed to be the split components of !A;—!E and a

a) The wavenumbers are given in 10® cm~! unit. b)
The racemate. c) A shoulder.

higher energy negative one 'A;—!A,. This complex
can be assigned to A configuration on the basis of the
sign of A;—!'E components.

For each of the four complexes containing a thioether
donor atom, four optical isomers, A-(R), A-(S), A-(R),
and 4-(8), are possible; both chiralities due to the skew
pair of chelate rings (4 and 4) and due to the coordinated
sulfur atom ((R) and (S)) contribute to the CD spectra.
The optical isomers of the [Co(N);(S)] type, (=4 )sso
[Co(mea)(en),]®t, and (+);ge-[Co(cea)(en),]3+ which
were obtained from the less soluble diastereomers, show
one strong positive CD band in the first absorption
band region and two weak CD bands of positive and
negative signs in the second d-d absorption band region
(Fig. 2). The CD spectra are strikingly similar to each
other, indicating that the S-alkyl groups of both the
complexes are in analogous environments. A similar
trend has been found for some N,N’-dialkylethylene-
diaminediacetato complexes!® which have two asym-
metric nitrogen donor atoms. The complexes belong-
ing to the [Co(N),(O)(S)] type, (-)ss-[Co(mta)-
(en),]?** and (—);g9-[Co(mtp)(en),]?*+, show two CD
bands of the same sign in the first absorption band
region (Fig. 3). The chiralities arising from the skew
pair of chelate rings can be assigned to the present
four complexes on the basis of the CD sign in the first
absorption band region;!) namely, 4,4,4, and A con-
figurations for (+)sg-[Co(mea)(en),]3+, (+);ge-[Co-
(eea)(en)y]®, (+)s80-[Co(mta)(en),]?t, and (—)se-
[Co(mtp)(en),]2+, respectively.

The NMR spectra of the resolved complexes show
a single peak in the S-methyl proton region (Fig. 5).
In the chromatographic separation of isomers of each
resolved complex, all the fractions had the same CD
spectra. The results and molecular model examina-
tion suggest that the thioether ligands are coordinated
stereoselectively. The S-alkyl group in the configura-
tion A-(R) or A-(S) has appreciable nonbonded atomic
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Fig. 5. The NMR spectra of (4 )sse-[Co(mea)(en),]Cly
(a) and (+)sge-[Co(mta)(en),]Cl; (b) in D,O.

interactions with the adjacent en chelate ring in con-
trast to that in the configuration 4-(S) or 4-(R). Thus,
it is concluded that the configurations of the resolved
complexes are 4-(S) or A-(R).

In the region of the lower energy thioether charge
transfer band, the mea and eea complexes show only
one CD band; on the other hand, the mta and mtp
complexes show two CD bands of opposite signs.
Namely, for the [Co(N),(S)] type, the A-(R) and
A4-(S) complexes show (4) and (—) bands, re-
spectively. The A-(R) complex of the [Co(N),O(S)]
type shows (—) and (4) CD bands from low enerzy
side, and 4-(S) one (4) and (—).

CD Spectra of the tame Complexes. 1,1,1-Tris-
(aminomethyl)ethane is a typical tripod-like ligand and
coordinates facially to a Co(III) ion. When three re-
maining coordination sites are occupied by the three
non-equivalent ligating atoms, a kind of chirality due
to the arrangement of these donor atoms is expected ;15:16)
this kind of chirality contributes dominantly to the CD
spectra of [Co(NH,CHRCO,)NH,(tame)]2+.15) In the
present system, the terdentate-N,S,0 ligands occupy the
three remaining coordination sites but there is no chi-
rality arising from the skew pair of chelate rings. These
complexes have a chirality due to the arrangement of
three different donor atoms and another due to the
central donor sulfur atom, though both chiralities are
associated with each other.

Three tame complexes, (4 );g0-[Co(acta)(tame)]?+,
(—)sso-[Co(aetp) (tame)]**, and  (—);a5-[Co(L-smC)-
(tame)]?+, exhibit two CD bands of opposite signs in
the first absorption band region (Fig. 4): 1r-smc and
aetp (—)zgo-complexes show (—) and (4) bands in
the order of increasing energy, but aeta (—)zg-0ne

Stereochemistry of Cobalt(ITI) Complexes with Thioethers
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Fig. 6. Optical isomers of [Co(terdentate-N,S,0)-
(tame)]2*, (a) and (b), and the structure of (—)sgs-
[Co(r-smc) (tame)]?+ (c).

shows the reverse CD pattern. As is shown in Fig. 6,
the optical isomers of the aeta and aetp complexes have
the structure (a) or (b), while the L-smc complex takes
the structure (c) because of the complete stereoselec-
tivity due to the r-smc ligand. The arrangement chi-
rality of (b) and (c) are the same but that of (a) is the
opposite. Accordingly, by analogy of the CD patterns
absolute configurations are assigned as (a) for (+)sgo-
[Co(aeta)(tame)]2t and (b) for (—)sg9-[Co(aetp)-
(tame)]%+.

In the lower energy thioether charge transfer band
region, the aeta (+)s;5- and aetp (—)sgg-complexes
show a positive and a negative band, respectively, which
corresponds to the fact that the two complexes have the
opposite absolute configurations.
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