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Several thiolato complexes of [Co(SNNS)(diamine)]* type were prepared (diamine stands for en=I,2-
ethanediamine, R-pn=(R)-1,2-propanediamine, and RR-chxn=(R,R)-1,2-cyclohexanediamine) and char-
acterized from their visible-UV absorption, circular dichroism, and *C NMR spectra, where SNNS denotes
two kinds of open-chain quadridentate ligands, Hzendet=3,6-dimethyl-3,6-diazaoctane-1,8-dithiol and R-

Hzpndet=(R)-3,4,6-trimethyl-3,6-diazaoctane-1,8-dithiol.

Both the SNNS ligands gave the two geometrical

isomers, cis-a(dark green) and cis-B(dark violet), whereas 3,7-dimethyl-3,7-diazanonane-1,9-dithiolate(2-)

ligand gave no stable monomeric complex.

Interestingly, stereoselective complex formation was found in

4-cis-a-[Co(R-pndet)(en or RR-chxn)]*, 4(SNRV)-cis-B-[Co(endet)(R-pn or RR-chxn)]*, and 4(SNRN)-cis-B-
[Co(R-pndet)(en or RR-chxn)]*, the 4-cis-a configuration of the former complex being the novel one having
the equatorially-oriented terminal chelate rings on the tertiary nitrogen atoms.

In a previous communication, we reported the stereo-
chemistry of cobalt(III) complexes with a quadriden-
tate ligand having SNNS donor set. Two geometrical
isomers of the [Co(N)4(thiolato)z]* type complex were
first separated by column chromatography.? The ear-
lier attempt to prepare this type of complexes using
bidentate ligand was unsuccessful in spite of the chro-
matographic analysis.? These circumstances show
that the quadridentate ligand possessing SNNS donor
set is promising for the stereochemical investigation of
cobalt(III) complexes.

In this paper, three kinds of open-chain SNNS quad-
ridentate ligands 3,6-dimethyl-3,6-diazaoctane-1,8-di-
thiol(Hzendet), 3,7-dimethyl-3,7-diazanonane-1,9-dithiol-
(Hztndet), and (R)-3,4,6-trimethyl-3,6-diazaoctane-1,8-
dithiol(R-Hzpndet) were used to prepare several cobalt-
(IIT) complexes [Co(SNNS)(diamine)]+ (diamine=en,
R-pn, and RR-chxn), [Co(SNNS)(CN)2]-, and [Co-
(SNNS)(aet)].? The complexes were separated, optical-
ly resolved by the chromatographic techniques, and
characterized from their visible-UV absorption, circu-
lar dichroism(CD), and 3C NMR spectra. For the
complex [Co(SNNS)(diamine)]*, the two geometrical
isomers, cis-a and cis-B, are possible as shown in Fig.
1. This type of geometrical isomers were found for
the endet and R-pndet ligands, whereas no stable
mononuclear complex was detected for the tndet ligand.
Furthermore, the optically active R-pndet ligand
showed complete stereoselectivity in cis-a and cis-B-
[Co(R-pndet)(en or RR-chxn)]*.

Experimental

Preparation of Ligand. 3,6-Dimethyl-3,6-diazaoctane-

cis-a

Fig. 1. Two geometrical isomers of [Co(SNNS)-

(diamine)]+.

1,8-dithiol(Haendet), [HSCH>;CHN(CH3)CH2-k: The ligand
was prepared from thiirane? and N,N’-dimethyl-1,2-eth-
anediamine as described by Karlin and Lippard.® 13C NMR
(benzene): 6=22.99 (CH:CH.SH), 42.66 (NCHaj), 55.72
(NCH2CH2SH), and 61.13 (NCH2CH:2N). Found: C,48.25;
H,9.53; N,13.05%. Calcd for Hazendet-1/6 CeHe=CoHai-
N2Sa: C, 48.53; H,9.56; N,12.65%. A solution of Hzendet
(1 mmol) in methanol (5 cm3) was added to a warm solution
of Ni(CHsCOz2)2-4H20 (1 mmol) in methanol (10cms3).
The brown solid, which separated immediately, was fil-
tered, washed with ethanol, and vacuum dried. Found:
C, 36.24; H, 6.85 N, 10.56%. Calcd for [Ni(endet)]=Csg-
HisN2S:Ni: C, 36.25; H, 6.85; N ,10.57%.

3,7-Dimethyl-3,7-diazanonane-1,9-dithiol(Hatndet), [ HSCH 2
CHN(CH3)CHs-pCH2: This ligand was obtained in the
same manner as that of Heendet, where N,N’-dimethyl-1,3-
propanediamine® is substituted for N,N’-dimethyl-1,2-eth-
anediamine. 13C NMR (benzene): 6=23.10 (CH2CH2:SH),
25.70 (NCH2CH2CH:N), 42.34 (NCHas), 55.67 (NCH:CHo-
SH), and 60.87 (NCH2CH2CH:N). Found: C,51.01; H,
9.85; N,12.09%. Calcd for Hatndet-1/6 CeHe=C10H23N2S2: C,
51.02; H, 9.85; N, 11.90%. A solution of Hatndet (1 mmol) in
methanol (5 cm3) was added to a warm solution of Ni(CH3COz)s.
4H20 (1 mmol) in methanol (10cm3). To this mixture
was added 0.3 g of NaClOy dissolved in 2 cm3 of methanol.
The resulting solution was concentrated by a rotary evapo-
rator to give dark brown crystals, which were collected by
filtration and washed with ethanol. Found: C, 26.52; H,
5.06; N, 6.91%. Calcd for [Ni{Ni(tndet)}2](C1O4)2=CisH4o-
N4S40sCl2Nis: C, 26.50; H, 4.94; N, 6.87%.

(R)-3,4,6- Trimethyl-3,6-diazaoctane -1,8-dithiol (R-Hapndet ),
HSCH:;CH:N(CH3)CH(CH3)CH:2N(CH3)CH:CH:SH: The
ligand was prepared from thiirane and (R)-N,N’-dimethyl-
1,2-propanediamine” according to the same method. The
purity was relatively low compared with those of Hzendet
and Hatndet and therefore checked by the nickel(II) com-
plex formation. The dark brown Ni(II) trimer was obtained
in a similar way by the method of the above tndet com-
plex. Found: C, 28.22; H, 5.51; N, 6.92%. Calcd for [Ni{Ni-
(R-pndet)}2]Bre- CHsOH=C19H44N4S4Br2ONis: C, 28.22; H,
5.48; N, 6.93%.

Preparation and Separation of the Cobalt(Ill) Complexes.
das-a- and ds-B{Co(endet)diamine)]ClOs (diamine=en, R-pn,
and RR-chxn): To a solution of 3.15 g of [Co(en)3]Cla- 3H20
in 20 cm3 of water was added a mixture of 1.74 g of Hzendet
and 0.6 g of NaOH in 20 cm?® of water. The mixed solu-
tion was stirred for 2 h at room temperature. After filtration
of the gummy precipitate, the resulting dark green filtrate
was poured onto a column of SP-Sephadex C-25 (Na*
form 4X50 cm), washed with water, and eluted with 0.1 mol
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dm=3 NaClOs. Two partly overlapping bands, dark green
and dark violet, were eluted in this order. The total yield of
the desired products was ca. 30% and the amount of the
former isomer was somewhat higher than that of the latter
one. As described later, the dark green and the dark violet
isomers were assigned to cis-a- and cis-B-[Co(endet)(en)]*,
respectively. Each eluate was concentrated in a vacuum
evaporator to give crystals of the desired perchlorate salt.
Found for the dark green isomer (cis-a): C, 28.33; H, 6.20;
N, 13.12%. Found for the dark violet isomer (cis-B): C, 28.17;
H, 6.22; N, 13.17%. Calcd for [Co(endet)(en)]C1O4=C10H26N4-
S204CoCl: C, 28.27; H, 6.17; N, 13.19%. The perchlorate salt
was converted into the corresponding chloride salt using
a column of QAE-Sephadex A-25 (Cl- form). The highly
soluble chloride salt was used for 3C NMR measurements.
The complexes containing R-pn or RR-chxn ligand were
prepared and separated in the same manner as described
above except for the use of 4-[Co(R-pn)3]3* or 4-[Co(RR-
chxn)s?*, respectively, as a starting material. The two
geometrical isomers, dark green and dark violet, were ob-
tained in each case. Found for the dark green R-pn isomer:
C, 29.59; H,6.34; N, 12.41%. Calcd for cis-a-[Co(endet)-
(R-pn)]Cl04-0.5H20=C11H20N4S2045CoCl: C, 29.50; H, 6.53;
N, 12.51%. Found for the dark violet R-pn isomer: C, 30.35;
H, 6.51; N, 12.80%. Calcd for cis-B-[Co(endet)(R-pn)]Cl104=
C11H2sN4S204CoCl: C, 30.10; H, 6.43; N, 12.77%. Found for
the dark green RR-chxn isomer(cis-a): C, 35.10; H, 6.75;
N, 11.70%. Found for the dark violet RR-chxn isomer(cis-f):
C, 35.14; H, 6.74; N, 11.60%. Calcd for [Co(endet)(RR-chxn)]-
Cl104=C14H32N4S5204CoCl: C, 35.11; H, 6.73; N, 11.70%.
Diastereomer Separation of cis-a- and cis-B{ Cofendet ) diamine) -
(diamine=R-pn and RR-chxn): The general procedure in
chromatography was as follows: Small amount of each isomer
was dissolved in water, adsorbed onto a column of cation
exchanger (Dowex 50WX2, Na* form; 3X15 cm) and eluted
with 0.3 mol dm~3 NazSO4. The eluate was collected into 5
cm?® portions and the CD spectra of the fractions were
measured. Two diastereomers were confirmed in each of
cis-a-[Co(endet)(R-pn)]* and cis-a-[Co(endet)(RR-chxn)]t,
though the elution order is reversed, namely the last
eluted isomer (—)$R-cis-a-[Co(endet)(R-pn)]* corresponding
to the first eluted one (—)$n-cis-a-[Co(endet)(RR-chxn)]*. On
the other hand, both cis-B-[Co(endet)(R-pn)]* and cis-B-
[Co(endet)(RR-chxn)]* gave the only one diastereomer, which
showed the two negative CD bands in the first d-d absorp-
tion band region. In the cases of cis-a complexes, the
oxidation products, probably sulfenato complexes, partly
overlapped on the front of the first eluted band, which was
collected and rechromatographed in the same manner.
The diastereomer separation using SP-Sephadex C-25(Na*
form) gave almost the same results even when the optically
active reagents such as RR-C4sH4O¢2~ and [Sbz(RR-CsHa-
Oé¢)2]2~ were used as an elution agent. These chromatographic
results were supported by the 13C NMR data as shown later.
cis-a and cis-B-Na[Co(endetCN)y]: To a suspension of
Na[CoBrz(CN)2(NHs3)2](2.19 g) in 50 cm3 of water, which was
prepared by treating cis(CN }cis(SO3)-trans(NH3){Co(CN )(SOs)e-
(NHs)2]*~® with a HBr solution, was added a solution of
Hzendet (1.39g) and NaOH (0.53g) in 15cm?® of water
and the mixture was stirred for 3h. After filtration of
the precipitate, the filtrate was poured onto a column of
QAE-Sephadex A-25 (Cl~ form, 3X50 cm), washed with wa-
ter, and eluted with 0.08 mol dm—3 NaCl. The two bands,
red purple and light brown, were eluted in this order.
Each band was concentrated, reloaded onto a column of
Sephadex G-15 to remove the NaCl, and eluted with water.
The eluate was evaporated to dryness because of high
solubility in water or ethanol. Found for the red purple
isomer: C, 26.90; H, 4.99; N, 12.50%. Calcd for cis-a-
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Na[Co(endet)(CN)z]-2H20 - 1.2NaCl=C,0H22N4S202CoNaz2-
Cli2: C, 26.90; H, 4.97; N, 12.55%. Found for the light brown
isomer: C, 32.33; H, 5.84; N, 14.72%. Calcd for cis-
B-Na[Co(endet)(CN)z]- 2H20=C10H22N4S202CoNa: C, 31.91;
N, 5.89; N, 14.89%.

fac(S)-/Co(endet)aet)]. To a solution of [Co(NHs)s]Cls
(0.53 g) in 10 cm3 of water was added a solution of Hzendet
(0.46g) and Haet (0.15g) in 10cm3 of water and the
mixture was stirred 2h at room temperature. After filtra-
tion of the precipitate, the filtrate was poured onto a
column of Sephadex A-25 (Cl- form), and eluted with
water. The dark green band was collected and evaporated to
dryness below 20°C. Found: C, 34.88; H, 7.06; N, 12.24%.
Calcd for fac(S)-[Co(endet)(aet)]=CioH24N3S3Co: C, 35.18;
H, 7.08; N, 12.31%.

Complexes Containing tndet Ligand: The same prepara-
tive method as that of [Co(endet)(en)]* was applied to this
system. The solution of [Co(en)s]Cls became temporarily
dark green by the addition of tndet ligand but then
changed to dark brown to give a large amount of a gummy
precipitate. The column chromatograph of the filtrate
gave no desirable monomeric species in this system.
The change of diamine from en to R-pn or RR-chxn led to
similar results.

cis-a- and cis-B-{ Co(R-pndet Y diamine) [*(diamine=en and RR-
chxn): The complexes were prepared in the same manner
as that of [Co(endet)(diamine)]* where R-Hzpndet was sub-
stituted for Hzendet. The column chromatography using
Dowex 50WX2 (Nat form, 3X15 cm; 0.4 mol dm~3NaCl) gave
the two geometrical isomers, green and violet in this order,
for both [Co(R-pndet)(en)]* and [Co(R-pndet)(RR-chxn)]*.
The earlier eluted green band was rechromatographed to
remove the partly overlapping oxidation products. Each
band was fractionated into 5cm?® portions and their CD
spectra were checked. Interestingly, each band was com-
posed of a single species, that is, complete stereoselectivity
was observed in cis-a(green)- and cis-B(violet)-[ Co(R-pndet)-
(diamine)]* (diamine=en and RR-chxn). No solid complex
was isolated because of their low yield. The concentration
value for the CD intensity determination was calculated from
the measured absorbance using the absorption coefficient of
cis-a- or cis-B-[Co(endet)(R-pn)]*.

cis-a- and cis-B-[Co(endese)en)]* and cis-a- and cis-B-[Co-
(endesifen)]* (endese=3,6-dimethyl-3,6-diazaoctane-1,8-disulfen-
ic acid, [HOSCH3CH2N(CH3)CH2-f and endesi=3,6-dimethyl-
3,6-diazaoctane-1,8-disulfinic acid, [HOsSCH2CH2N(CH3)CH2-b):
A stoichiometric amount of 0.6% aqueous H202 (1.76X
10~2 mmol) was added to a solution of cis-a- or cis-B-[Co-
(endet)(en)]C104(0.88X10~2 mmol) in 5 cm3 of water, leading
to an orange-red solution instantly. The oxidation was fol-
lowed by the absorption spectral measurements. The ab-
sorption spectra of cis-a- and cis-B-[Go(endese)(en)]* in
Table 1 were measured when the absorption intensity be-
came maximum in the region of 380—420 nm, which is
the characteristic region to the coordinated sulfenato group.
The formation of the corresponding sulfinato complex was
negligible because the oxidation from the coordinated sul-
fenato to the sulfinato group proceeds approximately 103
times slower than that from the coordinated thiolate to the
sulfenate.?

The corresponding sulfinato complex cis-a- or cts-B-[Co-
(endesi)(en)]* was prepared in the same manner using a large
excess of 30% H20; and kept to standing for 1 or 2d to com-
plete the reaction. In the case of cis-a-[Co(endesi)(en)]* the
desired solid complex was obtained. Found: C, 23.73; H,
5.40; N, 10.98%. Calcd for cis-a-[Co(endesi)(en)]ClO4- H20
=C10H28N4S205CoCl: C, 23.70; H, 5.57; N, 11.05%. The data
of cis-B-[Co(endesi)(en)]* in Table 1 were calculated by as-
suming that the absorption coefficient at 31250 cm™! is
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the same as that of the cis-a isomer at 28380 cm™1.

Measurement. The visible and ultraviolet absorption
spectra were measured on a Hitachi 330 spectrophotometer
and CD spectra with a JASCO MOE-1 spectropolarimeter in 4
aqueous solutions. The 13C NMR spectra were recorded with
a JEOL FX-90Q NMR spectrometer.

Results and Discussion

1og(e/mo1']dmacm'])

Characterization of Geometrical Isomers. The
cis-a and cis-B isomers (Fig. 1) of the [Co(endet)(en)]* . L
complex have Cz and C; symmetries, respectively, and
are assignable on the basis of 13C NMR spectra. The
dark green isomer showed five signals (26.30, 45.21,
52.53, 62.25, and 72.71 ppm) and therefore is assigned to 7
the cis-a geometry. The dark violet isomer showed ten 20 ? . /macm-]qo 20
signals (17.74, 26.60, 29.20, 42.37, 46.76, 47.11, 58.24,
63.88, 64.34, and 70.89 ppm), which is consistent with
the cis-B geometry. The absorption spectra of

| ! |

Fig. 2. Absorption spectra of [Co(endet)(en)]CIO,:
cis-o ( ) and cis-B (----).

TABLE 1. ABsORPTION DATA OF [Co(SNNS)X,]"+

Wave number (Intensity)
0 max/10% cm—1(log(e/mol-1 dm3 cm1))

SNNS X, Assignment
Ist band 2nd band CT band
endet en cis-o 16.95(2.18) 29.69(4.35)
21.3 (2.18)» 44.54(4.18)
cis-B 16.4 (2.24) 25.9(2.75)» 33.50(4.15)
18.57(2.37) 35.21(4.14)
47.2 (4.07)»
R-pn cis-a 16.93(2.16) 29.76(4.33)
21.1 (2.07)» 44.50(4.18)
cis-B 16.3 (2.25)» 25.7(2.87)» 33.40(4.14)
18.65(2.41) 35.09(4.13)
46.73(4.09)
RR-chxn cis-o 16.84(2.23) 29.66(4.31)
21.1 (2.21)® 43.76(4.20)
cis-B 16.1 (2.19)» 25.5(2.53)® 33.67(4.14)
18.52(2.37) 34.97(4.14)
45.56(4.13)
2CN cis-a 18.94(2.64) 32.45(4.36)
25.3 (2.55)® 45.8 (4.15)»
49.19(4.21)
cis-f§ 17.0 (1.96)® 27.23(3.30) 34.57(4.10)
21.5 (2.83)» 38.3 (4.00)»
aet Sac(S) 16.20(2.60) 21.6(2.78)» 34.60(4.26)
28 (3.50)9 36.7 (4.20)»
46.8 (4.00)»
endese?) en cis-ot 19 (2.85)» 23.50(4.30)
35.59(3.45)
44.54(4.25)
cis-B 19.62(3.06) 25.81(3.93)
34.51(3.81)
46.30(4.01)
endesi®) en cis-ot 20 (2.3)» 28.38(4.06)
42.23(4.11)
cis-B 20.6 (2.8)® 31.25(4.06)
33.3 (4.04)
44.39(4.13)

a) Shoulder. b) See Experimental section. c¢) This band may be due to the oxidized impurities.
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[Co(N)4(S)2] type complexes are shown in Fig. 2 and
Table 1. The firstd-d absorption band of each isomer is
composed of two components. Since the interval
between the components is larger for the dark green
isomer than for the dark violet, the former isomer can be
assigned to the cis-a structure of ¢rans(S) chromophore
and the latter to the cis-B8 of cis(S). The complexes
showed an intense band in 29000—34000 cm™! region,
which is assigned to the Co(o*)«S(0) ligand-to-metal
charge transfer (LMCT) transition.!® The LMCT band
of the cis-a isomer appears at 29690 cm~! but that of the
cis-B at 33500 cm~! with its splitting component at
35210 cm™1.  Such a difference has been observed
between geometrical isomers having two sulfide
(thioether)!? or sulfito!? donor atoms: In general the
charge transer (CT) band of trans(S) isomer locates at
lower energy than that of cis(S) one. Thus the relative
positions of CT bands confirm the above structural
assignments. This criterion is also valid for the other
complexes [Co(endet)(R-pn)]*, [Co(endet)(RR-
chxn)]*, [Co(R-pndet)(en)]*, and [Co(R-pndet)(RR-
chxn)]*: the first eluted green isomer has the cis-a
geometry and the second eluted violet one the cis-8
geometry.

The absorption spectra of other thiolato complexes
[Co(endet)(CN)z]~ and [Co(endet)(aet)] are shown in Fig.
3. In [Co(endet)(CN)z]~ three geometrical isomers, cis-
a, cis-B, and trans(CN), are possible. The red purple
isomer exhibited the single LMCT band at 32450
cm™! and therefore is assigned to the cis-a geometry.
If the initial czs(CN )-configuration of the starting mate-
rial Nas[Co(CN)2(SO3)2(NH3)z] is retained after the re-
action, the light brown isomer should have the cis-8
geometry in agreement with the presence of two
LMCT components at 34570 and 38300 cm~!. The
green isomer of [Co(endet)(aet)] showed the very similar
absorption spectrum to fac(S)-[Co(aet)s] and fac(S)-
[Co(L-cysteinato)s]3=.1®  Thus this isomer can be as-
signed to the fac(S) geometry with cis-8 configuration
of the quadridentate ligand. The mer(S) configuration
is very novel for a [Co(N)s(thiolato)s] type complex and
there has been no example except me(S)-[Co(2-pyri-
dinethiolato)s].1®

Figure 4 presents the absorption spectra of [Co-

Iog(e/mol"dm"‘cm'l )
W =

N

1

o/1 03em™

Fig. 3. Absorption spectra of cis-a-[Co(endet) (CN),]~
( ), ¢is-p-[Co(endet) (CN),]~ (-—-—- ), and fac(S)-
[Co(endet) (aet)] (----).

Kazuaki Yamanari, Norimatsu TakesHITA, and Yoichi SHIMURA

[Vol. 57, No. 5

(endese)(en)]* and [Co(endesi)(en)]*. The usual oxi-
dation reactions with H2O2 do not involve Co-S cleav-
age?:10.19 and the initial geometrical structures should
be retained. In fact, both the cis-a sulfenato and cis-«
sulfinato complexes showed the intense CT band at
lower energy side than the corresponding cis-8 com-
plexes, respectively (Table 1).

Synthesis and Stereochemistry of the Complexes of
Sulfur-containing Quadridentate Ligand. Several
cobalt(IlI) complexes with quadridentate ligands
possessing NSSN array of donor atoms, NH2(CH2),S-
(CHz2),S(CH32).NH;, have been studied so far.!® The
results showed that only the cis-a isomer is formed in
the case of x=y=z=2 and only the cis-B8 and trans iso-
mers in the case of x=z=2 and y=3 for the mononuclear
[Co(NSSN)X2] complexes. The skeleton of present
thiolato ligands HS(CHz)xN(CHs)(CHz),N(CH3s)(CHz).-
SH is similar to the above one except for the position of
sulfur atoms. However, the present SNNS ligands
gave both cis-a and cis- 8 isomers in the case of x=y=z=
2 (endet and R-pndet) and no mononuclear species
in the case of x=z=2 and y=3 (tndet). Such striking dif-
ference can be attributable to the high bridging
ability of thiolato groups and the special property of
the tndet ligand described below.

Nickel(IT) acetate reacted with Hgzendet in meth-
anol solution to give the brown complex [Ni(endet)].
However, the tndet ligand did not give the mononuclear
complex but the trimeric one [Ni{Ni(tndet)}2](ClOy)e.
A similar Ni(II) trimer has been reported on the oc-
casion of the detritylation of 1,9-bis(tritylthio)-3,7-di-
azanonane),1® the trimer being probably in equilibrium
with the monomer in methanol. This was confirmed
from the synthesis of some mixed-metal trimer by al-
lowing the Ni(II) trimer to react with Pd?+ or Cd2+.1?
The synthesis of [Co(tndet)(diamine)]* was unsuccess-
ful and some kind of polynuclear complex, whose com-
position was poorly characterized, was formed in the
present case. Recently, Lippard and his co-workers
prepared the iron complexes of Hzendet and Hatndet
ligands. Zubieta and his co-workers also reported
the molybdenum complexes of the same ligands. In

Tog(e/mol ‘dm”cm *)

1[ 1 L 1
20 30 40 50
o103 !

Fig. 4. Absorption spectra of cis-a-[Co(endese)(en)]+
(-—-—- ), cis-B-[Co(endese)(en)]* (----), cis-a-[Co-
(endesi) (en)]+ ( ), and cis-f-[Co(endesi)(en)]*
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these investigations, some unusual structures were
found for the complexes containing tndet ligand:
The pseudo tetrahedral complex [Fe(Htndet)(NO)z] has
a 12-membered chelate ring in which the two nitrogen
atoms of the quadridentate ligand are not coordinated
to the iron atom.1® A similar feature of the structure
was found in [Mo204(Htndet)2].1? In these cases the
tndet ligand is protonated to produce a six-member-
ed ring LN-C-C-C-N-H- with a chair conformation,
which is responsible for the poor complex formation
in the present tndet ligand.

The synthetic efforts was also made for [Co(endet)Xz],
where X denotes 2(NHs), 2(NOy~), C2042—, CHs-
COCHCOCHs3™, CO3?7, 2(CN™), and aet—, all prepara-
tions except the latter two ligands producing no
mononuclear cobalt(III) complex. This fact means that
the stable complex is formed only when the remain-
ing two coordination sites are occupied by such tightly
bound ligands as 2(CN~) and aet™.

Stereoselective Formation of Diastereomers. Fig-
ure 5 shows the 3C NMR spectra of cis-a- and cis-g-
[Co(endet)(RR-chxn)]*. The cis-a isomer exhibited
twelve signals (24.73 (strong), 25.60, 27.06, 33.46,
34.54, 52.25, 52.69, 59.35, 61.52 (strong), 63.58, 72.19,
and 73.38 ppm in D20), which imply the cis-a isomer
having Cz symmetry is a diastereomeric mixture of
A(RNRN)(RCRC) and A(SNSN)(RCRC). On the other
hand, the cis-B isomer showed fourteen signals
(23.79, 24.22, 25.85, 28.72, 32.24, 34.30, 45.13, 50.55,
56.84, 61.66, 62.14, 62.96, 65.83, and 69.13 ppm in
DMSO-ds), which indicate the stereoselective forma-
tion of single C; cis-B8 diastereomer. These results
are completely in accord with those of the chromato-

(a)

EtOH

/ EtCH

80 60 s 40 20
(b)
DMSO
——
1 s 1 1 1 1 1
80 60 40 20

Fig. 5. '3C NMR spectra of [Co(endet)(RR-chxn)]*:
(a) ¢is-a in D,O; ethanol(d 58.27 vs Me,Si) was
used as the internal standard. (b) cis-f in DMSO-
dg; DMSO (6 39.5 vs Me,Si) was used as the internal
standard.
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graphic separation: Two diastereomers were confirmed
for cis-a-[Co(endet)(R-pn)]* and cis-a-[ Co(endet)(RR-
chxn)]*, whereas the single diastereomer was found for
cis-B-[Co(endet)(R-pn)]* and cis-B-[Co(endet)(RR-
chxn)]+.

The CD spectra of cis-a diastereomers are shown
in Figs. 6 and 7. The earlier eluted R-pn isomer cis-a-
(+)§R-[Co(endet)(R-pn)]*+ corresponds to the later eluted
RR-chxn one cis-a-(+)55-[Co(endet)(RR-chxn)]* (Fig.
6). Both the cis-a-(+)$pisomers showed a positive domi-
nant CD band in the first absorption band region
and therefore are assigned to the A(SNSN) absolute

=
1
1

w
1
1

log(e/mol ™ tam3em™1)

¢ /o1 Lamdem™!

20 30 40 50
o /10%em™!

Fig. 6. Absorption and CD spectra of cis-a-[Co(endet)-
(R-pn)]* (upper): Ist eluted (+ )go-isomer ( )
and 2nd eluted (—)go-isomer (----). CD spectra of
cis-a-[Co(endet) (RR-chxn)]*(lower): Ist eluted (—)so-
isomer ( ) and 2nd eluted (+)g-isomer (----).

log(e/ml']dm3cm'] )

=

N

o
se/mot” Vdmden™!

'
~

'
=

o/10%a™!

Fig. 7.
pndet) (diamine)]+: diamine=en (

"

Absorption and CD spectra of cis-a-[Co(R-
) and RR-chxn




1232 Kazuaki Yamanari, Norimatsu TakesHiTA, and Yoichi SHIMURA [Vol. 57, No. 5

TaBLE 2. CD pata or [Co(SNNS)(diamine)]+

Wave number (Intensity)

SNNS diamine Assignment
G ox3/10%® cm—1(Ae/mol-! dm?3 cm~?)

[cis-c complexes]

endet R-pn A(SNSY) 16.84(+1.54) 29.87(—4.95)
19.5 (—0.035) 38.76(—8.84)
22.57(+0.240) 43.73(+20.4)
A(RNRN) 15.55(+0.350) 27.78(—1.48)
17.57(—2.39) 31.2 (+0.678)
21.5 (+1.50)® 39.2 (+9.77)
24.27(+1.85) 43.67(—4.72)
RR-chxn A(RYRY) 15.5 (40.272) 27.28(—-0.389)
17.45(—2.42) 30.40(+0.864)
21.5 (+1.3)» 33.86(—0.631)
24.53(+3.15) 38.93(+8.16)
47.2 (—1.1)
A(SNSN) 16.25(+41.04) 29.41(—2.38)
18.4 (—0.25) 37.74(—0.987)
22.94(+0.694) 42.37(+8.51)
R-pndet en AA(RNRCRY) 15.3 (+0.164) 28.3 (—1.12)
17.18(—1.43) 31.5 (—0.4)»
21.5 (+0.9)» 39.20(+8.84)
24.00(+1.46) 44.80(+3.81)
RR-chxn AA(RNRCRY) 15.22(40.144) 27.62(—1.46)
17.33(—3.52) 33.11(—0.692)
21.2 (+1.6)2 38.54(+15.8)
24.21(+3.92) 45.25(+5.04)
[cis-B complexes]
endet R-pn A(S¥RY) 16.47(—1.50) 32.31(+28.2)
20.75(—1.65) 36.04(—33.3)
24.48(+2.60) 43.29(+10.5)
RR-chxn A(SNRN) 16.31(—1.64) 32.27(+29.3)
20.62(—1.85) 35.84(—31.8)
24.39(+3.26) 43.10(+8.82)
R-pndet en AA(SYRCRYN) 16.35(—1.32) 32.21(+26.6)
20.62(—1.87) 35.91(—34.0)
24.69(+2.72) 42.94(+8.41)
RR-chxn AA(SYRCRN) 16.31(—1.82) 32.27(+33.5)
20.64(—2.43) 35.91(—36.6)
24.39(+3.62) 42.55(+7.70)

a) Shoulder.

configuration concerning the skew pair of chelate

rings and the tertiary nitrogen atoms. The remaining

diastereomers cis-a-(—)$-[Co(endet)(R-pn)]* and cis- s g

a-(—)SR-[Co(endet)(RR-chxn)]* exhibited a negative ax“)K

main CD band in the same region, which are assign- N y
e

eq
ed to the A(RNRN) absolute configuration. ) :i]’_ —N I
Each single diastereomer was found in cis-a-[Co- K// /‘) C/\ //, A
(R-pndet)(en)]* and cis-a-[Co(R-pndet)(RR-chxn)]*. ! N I
When the methyl group on the medial chelate ring of ax l , q
quadridentate ligand takes an equatorial position, S S
the medial chelaté ring is fixed to the most stable
A conformation. Therefore, two diastereomers, 4A- (a) (b)
(RNRCRY) and AA(SNRCSN), are possible for cis-a-[Co-

(R-pndet)(diamine)]* in Fig. 8. Each the obtained

diastereomer showed three CD bands, (+), (—), and (+), Fig. 8. Two diasw‘”e‘);“egsN of f"f'“‘[co(lﬁ‘l)é‘dsw'
from the lower energy side in the first absorption (diamine)]*: (a) AA(SNROSY) and (b) AZ(RNRORN).
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Fig. 9. Absorption and CD spectra of c¢is-f-[Co(endet)-
(diamine)]*: diamine=R-pn ( ) and RR-chxn
(---).
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Fig. 10. Absorption and CD spectra of cis-f-[Co(R-
pndet)(diamine)]*: diamine=en ( ) and RR-chxn

(-==-)-

band region (Fig. 7). Since the negative CD band be-
comes dominant, the complexes can be assigned to the
AA(RNRCRYN) absolute configuration which has the
equatorially oriented terminal chelate rings on the
tertiary nitrogen atoms. It has long been generally
thought that the configuration AA(SNRCSN) is more
preferable in cis-a geometry because the configura-
tion AA(RNRCRN) suffers the greatest ring strain in
the backbone and two adjacent chelate rings. How-
ever, the latter AA(RNRCRN) or the related AA(RNRCRCRN)
configuration has been recently reported in several
chromium(III) and cobalt(III) complexes containing
the quadridentate ligands such as (S)-N,N’-bis(2-
pyridylmethyl)-1,2-propanediamine, (1§,2S5)-N,N’-
bis(2-pyridylmethyl)-1,2-cyclohexanediamine(abbrev. SS-
picchxn),2® and (1R,2R)-N,N’-dimethyl-1,2-cyclo-
hexanediamine-N,N’-diacetate (N,N’-Mez-RR-chxnda).2?
The configurations of A4-cis-a-[CrClg(RR-picchxn)]-

Cobalt(III) Complexes of SNNS Quadridentate Ligand

0
N

j
/\

Fig. 11. Possible diastereomers of cis-B-[Co(R-pndet)-
(diamine)]*+: (a) AA(SNRCRN) and (b) AA(RNRCRY),

ClO422 and A4-cis-a-{Co(N,N’-Mez-RR-chxnda)(en)]Cl1O4®
have been explicitly determined by the X-ray struc-
ture analysis. The CD spectral patterns of cis-a-[Co(R-
pndet)(en)]* and cis-a-[ Co(R-pndet)/ R-chxn)]* are very
similar to that of 4-cis-a-[Co(N,N’-Mez-RR-chxnda)-
(en)]*, especially in the first absorption band region.20
This fact supports that the present cis-a complexes have
the rare 44(RNRCRVN) configuration.

The CD spectra of the cis-B complexes, [Co(endet)-
(R-pn)]*, [Co(endet)(RR-chxn)]*, [Co(R-(pndet)(en)]*,
and [Co(R-pndet)(RR-chxn)]* are shown in Figs.
9 and 10. They are very resemble to one another all
over the regions measured. The results indicate that
each the cis-B diastereomer is formed stereoselective-
ly in agreement with the 13C NMR results and has
the same absolute configuration. The 4 configura-
tion is assigned to these complexes on the basis of the
net negative CD sign in the first absorption band re-
gion.

In cis-B-[Co(R-pndet)(diamine)]*, only two dia-
stereomers, AA(SNRCRN) and AA(RNRCRN), are
possible owing to the 4 conformation of the medial
chelate ring as in Fig. 11. In the AA(RNRCRN)
structure(b), there is a steric repulsion between the
two amine protons of bidentate diamine and the two
methylene protons adjacent to the tertiary amine of
the quadridentate. On the other hand, the steric
crowding between the methyl group on the R-N
atom and the amine protons of bidentate diamine in the
AA(SNRCRN) structure(a) can be eliminated partly by
the conformational change of the terminal chelate ring.
Therefore the actual diastereomer is limited to the
AA(SNRCRYN) configuration. In conclusion, all the
four cis-B complexes obtained stereoselectively can be
assigned to A4(SNRY) configuration on the basis of
the analogous CD patterns.
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