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Circular dichroism spectra have been measured for the cis-[Co(X)(INH,) (en),]2*, cis-[Co(X),(en),]*, and cis-

[Co(X)(X")(en),]* complexes in the visible and ultraviolet region (X and X’=Nj;~, NCS-, or NO,").

The ab-

solute configurations of the complexes have been assigned from the circular dichroism pattern in the first d-d
absorption band, region and correlated with that in the near ultraviolet region of the so-called specific absorption
band. The origin of the specific absorption band has been discussed.

It is well known that transition metal complexes with
some particular ligands, such as azido Nj-, isothio-
cyanato NCS—, nitro NO,-, and sulfito SO4%~, show
characteristic intense absorption bands in the near-
ultraviolet region. These characteristic absorption
bands were named at first “special bands,”:? and
later “specific bands.””® The specific absorption bands,
which are specific for the particular ligands, have been
investigated by many authors, but alternative charac-
terizations have been assigned to the origin, that is,
the one attributed the bands to intraligand transitions,+%)
and the other to charge transfer transitions.5-% Recently
Miskowsky and Gray'®) attributed most of the specific
bands of [Co(CN)zX]"~ or [CoX(NH,);]"* complexes
to ligand-to-metal charge transfer transitions (X=
NCS-, SCN-, and SOz%*"), but assigned the specific
bands of [Co(CN)s(NO,)]*~ and [Co(NO,)(NH;),]2*
which are located at 35200 and 30700 cm™, respectively,
to a metal-to-ligand charge transfer transition. The
latter metal-to-ligand transition has also been assumed
for the specific bands of some hexanitro metallates.!?

The present paper deals with circular dichroism (CD)
spectra of cis-[Co(X) (INH;) (en),]2+, cis-[Co(X)y(en),]t,
and ¢is-[Co(X) (X')(en),]* complexes (X and X'=Nj-,
NCS-, or NO,™), to find the relationship between the
CD behavior in the specific band region and the absolute
configuration of the complexes, and furthermore to
interpret, if possible, the origin of the specific bands
on the basis of the CD spectra. A preliminary letter
about some of the results has been reported.1?

Experimental

Preparation and Optical Resolution. (1) (—)sge-cis-[Co-
(N;)(NH;) (en),]Cl- 0.5H,0: To a solution containing 6.0 g
of ¢is-[CoCl(NH,) (en),]CL,'® in 30 cm?® of water were added
a few drops of glacial acetic acid and 1.4 g of sodium azide.
The solution was heated on a water bath and concentrated
until the surface of the solution was covered with a thin
crystalline product. After the resulted mixture had been
allowed to stand at room temperature for an hour, the
crystals were collected by filtration. 4.0 g. Recrystallization
was carried out from water (60 °C). The pure crystals
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deposited were filtered and washed with methanol, and then
acetone, and air-dried. Found: C, 15.49; H, 6.14; N, 35.75
%. Caled for [Co(N;)(NH,)(C,HN,),]Cl,: C, 15.54; H,
6.20; N, 36.25%.

The optical resolution of this complex was achieved by a
modified procedure of that of Buckingham, Olsen, and
Sargeson!® using NH,d-bcs as a resolving agent (d-bes stands
for (+)sse-(1R, 35, 4S5, 7R)-3-bromocamphor-9-sulfonate ion).
The less soluble diasterecomer was recrystallized from water
until it showed a constant rotation. [o];s9=—10° [0t]546=
+15°, [e]4ey=+371°. Found: C, 33.34; H, 5.52; N, 12.859%,.
Calced for [Co(N;)(NH;)(CyHgN,),](CyH,,O,BrS),:0.5H,0:
C, 33.23; H, 5.58; N, 12.929,. A solution of the diastereomer
was passed through a column containing Dowex 1 X 8 strong-
base anion exchange resin (Cl~- form) and the resulted solution
was evaporated to dryness below 30 °C. The deposited fine
reddish-violet crystals were suspended in methanol to eliminate
a contaminant, filtered, washed with methanol and acetone,
and dried in a desiccator over CaCly. [a]sg9=—210°, [ot]546=
—116°. Found: C, 15.06; H, 6.35; N, 34.01%,. Caled for
[Co(N;)(NH;) (C,HgN,),]1Cl1,-0.5H,0: C, 15.10; H, 6.34; N,
35.239%,.

(2) (4 )sse-cis-[Co(Ng),(en);]Cl0,: To a solution (50 °C)
of 3.0g of rac-[Co(Nj),(en),]Ng'®» in 80 cm® of water was
added a solution of 1.8 g of K,[Sb,(d-tart),]-3H,O in 20 cm3
of water (d-tart stands for (4 )se-tartrate(4—) ion). The
mixture was kept in a refrigerator for two days. The resulting
dark reddish-violet prismatic crystals were filtered, washed
with a little water, methanol, and then acetone, and dried in
air. 2.6 g. [a]see=—1140° [a]s46=—539°. The less soluble
diastereomer was converted to the perchlorate by adding a
large excess of solid LiClO,-3H,O (5 g) to a suspension of the
diastereomer in 80 cm? of water (40 °C) and stirring sufficient-
ly (1 h). The red violet fine crystals separated were filtered,
washed with a little water, methanol, and then acetone, and
dried in a vacuum desiccator over CaCl,. 0.5g. Recrystal-
lization was carried out from a minimum amount of water
(40 °C). [alsee=-+237°, [a]s6=—962°. Found: C, 13.39;
H, 4.46; N, 38.98%. Calcd for [Co(N;),(C,HgN,),]ClO,:
C, 13.25; H, 4.45; N, 38.629%,.

The perchlorate of the (—);sq9 isomer was obtained by the
addition of a solution containing 0.7 g of NaClO, in 10 cm3
of water to the above filtrate. By recrystallization from hot
water this isomer gave the same rotation with the opposite
sign as the (4 )z perchlorate.

(3) (+)sso-cis-[Co(NGS) (NHy) (en),]Bry- 0.5H,0:  (—)ss9-
[CoCl(NCS)(en),]Cl (0.9 g, see below (10)) was placed in a
250 cm® cylinder and purged with ammonia gas in a Dry
Ice-methanol bath to condense about 10 cm® of ammonia
over the complex. The cylinder was tightly covered and
allowed to stand at room temperature for about half an hour.
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When the color of the ammonia solution was changed from
dark red to deep orange, the ammonia was evaporated by a
stream of dry nitrogen. The resulted orange product (0.9 g)
was dried in a vacuum desiccator over P,O; to remove the
remaining ammonia. A portion (0.45 g) of the dried product
was dissolved in 4 cm3 of water, and 0.9 g of NaBr was added
to the solution. After it had been kept in a refrigerator over-
night, the first precipitate was filtered off (this was optically
almost inactive). After the filtrate had been kept in a refrig-
erator for another day, the second precipitate (partly resolved
complex) was filtered. When the filtrate was kept in a refrig-
erator for further four days, the orange prisms resulted. They
were filtered, washed with ethanol and acetone, and dried in a
vacuum desiccator over CaCl,. 37 mg. [a];g9=+43°, [0t]546=
4-83°. Found: C, 14.32; H, 4.87; N, 20.12%. Calcd for
[Co(NCS)(NH,)(C,H;N,),]Br,-0.5H,0: C, 14.47; H, 4.86;
N, 20.25%. The (—)sgo isomer was obtained from (- )gge-
[CoCI(NCS) (en),]Cl.

(4) (—)ssp-cis-[Co( NCS)y(en),]Cl: The racemic chloride
monohydrate® (3.5g) and the resolving agent K,[Sb,(d-
tart),]-3H,O (1.7 g) were dissolved in 300 cm® of water at
60 °C. After cooling the mixed solution to the room tempera-
ture, it was allowed to stand overnight in a refrigerator. The
less soluble diastereomer deposited as red orange crystals, and
it was recrystallized from hot water (300 cm3, 60 °C). 1.1g.
[o]sg9=—61°, [¢]546=+165°. To a suspension of 1.0 g of the
recrystallized diastereomer in 80 cm?® of water was added 200
cm? of aqueous solution containing 15 g of lithium chloride.
The mixture was stirred for half an hour to transform the dia-
stereomer into the reddish-orange chloride, and this was
filtered, washed with 509, ethanol, ethanol and then acetone,
and dried in a vacuum desiccator over CaCl,. 0.5 g. [alsgo=
—25°, [a)se6=+ 134°. It was confirmed that the optical rota-
tion was not increased by recrystallization. Found: C, 21.77;
H, 4.97; N, 25.449%,. Calcd for [Co(NCS),(C,HgN,),]Cl:
C, 21.79; H, 4.88; N, 25.419%,.

(5) (—)ssocis-[Co(NO,) (NHjy) (en),1S0,-H,0: The race-
mic dithionate!® was converted to the nitrate by an ion-
exchange method with Dowex 2 X 8 resin (NO4~ form, 50—100
mesh). The racemic nitrate, [Co(NO,)(NHj,)(en),](NO;),
(3.2 g), was dissolved in 17 cm3 of water (40 °C), and 1.4 g of
NH,d-bcs was added to it.'”? The mixed solution was kept
.in a refrigerator for about four days. Orange yellow needles
separated were filtered, washed with 509, ethanol, ethanol,
and then acetone, and air-dried. 0.65 g. [a]zs0=+44°,
[e]546= +33°, [o]sse=+386°. The needles were occasionally
contaminated with orange yellow prisms. The prisms were
the racemic nitrate. The undesired prisms were easily remov-
.ed by hand picking. The diastercomer was recrystallized
from water (50 °C), and filtered, washed with a little ice-cold
water, 509, ethanol, and then acetone, and dried in air. 0.5 g.
[x]ss0=+53° [ot]sse=—+49° [et]sss=-+440°. The diasterec-
mer was converted to the sulfate by passing the aqueous
solution through a column containing an anion-exchange resin
(SO, form) and by evaporating the resulting solution to
dryness below 30 °C. After suspending the sulfate in a
methanol-water (4:1) mixture and stirring it enough, the sul-
fate of the (—);qo isomer was filtered, washed with methanol
and acetone, and dried in a vacuum desiccator over CaCl,.
[]580=—18°, [0]s6=—49°. Found: C, 13.73; H, 5.88; N,
23.21%. Caled for [Co(NO,)(NHj;)(C,HgN,),]S0,-H,O:
C, 13.49; H, 5.94; N, 23.59%,.

(6) (— )sso-Cis-[Co(NO,),(en),]Cl: To the solid complex,
[CoCO,(en),]NO,-H,O® (32 g), was poured carefully 225
cm3 of 49, of nitric acid. The complex was dissolved with
the evolution of CO, gas to. give a solution containing cis-
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[Co(en),(OH,),]** complex. After the solution had been
stirred for a while to complete the aquation, 20.7 g of NaNO,
was added, and the mixed solution was gradually heated on a
water bath and stirred at 70 °C for an hour. The color of
solution changed from red to dark orange, and the nitrate of
the desired complex separated out. The crystals were filtered
and washed with water, and then ethanol. 20 g. The nitrate
was recrystallized from water (60 °C) and the fine crystals
obtained were filtered, washed with water, and then ethanol,
and dried in a vacuum desiccator over CaCl,. Found: C,
14.74; H, 5.10; N, 29.27%,. Calcd for [Co(NO,),(C,HN,),]-
NO,: C, 14.42; H. 4.84; N, 29.429%,.

The perchlorate was obtained in a similar way from [CoCO;-
(en),]Cl10,.1» Found: C, 13.18; H, 4.23; N, 22.66%.
Caled for [Co(NO,),(C.HN,),]Cl10,: C, 12.96; H, 4.35; N,
22.68%,.

The nitrate was resolved in a usual way using K,[Sb,(d-
tart),]-3H,O as resolving agent.?® The less soluble dias-
tereomer yielded the (—);g-[Co(NO,),(en),]CL

(7) (4 )sse-cis-[Co( N3)(NCS)(en),]Cl-0.5H,0: To a 60 °C
solution of 6.0 g of ¢is-[CoCl(NCS)(en),]ClO,® in 45 cm? of
water was added 1.2 g of NaN,, and the resulting solution was
stirred at 60 °C for about 80 min. After the solution had been
diluted with an appropriate amount of water, it was poured on
a column (27 X 800 mm) containing Dowex 50 W x 8 cation-
exchange resin (200—400 mesh, H* form). The adsorbed
band was eluted first with 0.2 M LiCl solution at a rate of
1.5—2.0 cm3/min for a week. The eluates were discarded,
because it was confirmed from the absorption measurement
that the eluates contained some #rans complexes. After these
operations, the remaining colored band which was placed on
the upper half of the column was eluted with 0.5 M LiCl
(about 13 dm? in total) during the next week. The broad
bands eluted were fractionated by 200 cm?® portions. The
eluted ten fractions which have the first absorption band at
510—509 nm were combined and concentrated to a volume
as little as possible (about 50 cm?®) in a vacuum evaporator at
35°C. After the mixture had stood in a refrigerator overnight,
the resulting precipitates, c¢is-[Co(N;)(NCS)(en),]Cl-1.5H,O
and LiCl, were filtered. To remove the LiCl, the mixture was
suspended in 200 cm? of ethanol and the suspension was stirred
enough. The dark reddish-violet precipitate was filtered,
washed with five 20 cm?® portions of ethanol, and then ether,
and dried in a vacuum desiccator. 0.41 g. This was recrys-
tallized from water (50 °C), and the product was washed with
ethanol and ether, and dried in a vacuum desiccator over
CaCl,. Found: G, 17.63; H, 5.67; N, 32.289%,. Calcd for
[Co(N,) (NCS)(C,H;N,),]Cl-1.5H,0: C, 17.58; H, 5.60; N,
32.79%.

The resolving agent K,[Sb,(d-tart),]-3H,O (120 mg) was
dissolved in 40 cm?® of water at 60 °C, and 220 mg of ¢is-[Co-
(N,)(NCS)(en),]CH;CO,, which was obtained from the
chloride by the usual ion-exchange method, was added to it
with stirring. After cooling the mixed solution to room tem-
perature, it was kept in a refrigerator overnight. The fine
dark reddish-violet crystals separated were filtered, washed
with ethanol and ether, and air-dried. 115 mg. [a]s;5=
+135°, [a]546=+60°. The less soluble diastereomer (110 mg)
was dissolved in 3 cm?® of water at 45 °C. After the solution
had stood for two weeks in a refrigerator, the resulted crystals
were filtered, washed with a little water, ethanol and ether,
and air-dried. 18 mg. [o]zee=-+178° [a]s46=-+50°. The
recrystallized diastereomer (18 mg) was dissolved in 10 cm? of
water, and the solution was passed through an anion-exchange
resin column (Cl- form). The chloride solution obtained was
evaporated to dryness in a vacuum desiccator over P,Oj;.
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[)ss9=+125°, [a]s06=—138°. Found: G, 18.70; H, 5.29;
N, 34.52%,. Calcd for [Co(N;)(NCS)(C,HN,),]Cl-0.5H,0O:
G, 18.55; H, 5.29; N, 34.62%.

(8) (+ )sse=cis-[Co(N,)(NO,)(en),]ClO,: To a solution of
5.7 g of cis-[CoC1(NO,)(en),]Cl in 90 cm?® of water at 70 °C
was added 1.3 g of NaN,;. The mixture was heated on a steam
bath in a draft chamber. When the solution was concentrated
to 10—15 cm3, a solution containing 2.4 g of Na,S,04-2H,0O
in 10 cm? of water was added to it with stirring. After cooling
the mixture to room temperature and then keeping it in an ice
bath for an hour, the reddish-orange fine crystals precipitated
were filtered, washed with a little water, and dried in air. 2.8 g.
This was recrystallized twice from water (60 °C) and washed
with a little water, ethanol, and then ether, and air-dried.
Found: C, 13.70; H, 4.63; N, 31.87%. Calcd for [Co(Nj)-
(NO,) (C,H;N,),],8,06: C, 13.84; H, 4.65; N, 32.27%.

The racemate, cis-[Co(N;)(NO,)(en),],S:0¢ (6.0 g), was
dissolved in 600 cm?® of water at 60 °C, and transformed into
the chloride solution by an ion-exchange method. The
resulted chloride solution was evaporated at 40 °C to 75 cm?
in a vacuum evaporator, and a solution of 2.6 g of NH,d-bcs in
20 cm3 of water was added to it. After the mixed solution
had been cooled in a refrigerator for two days, the red orange
needles separated were filtered, washed with a little water,
methanol and ether, and air-dried. 2.7g. [a]se=-+77°
[e]546=+80°, [ot]sze=—542°. The diastereomer was recrys-
tallized from water (45 °C, 160 cm?). 0.9 g. [o]ss9=168°
[e]se6=+72° [o]gre=—598°. Found: C, 29.11; H, 5.26;
N, 18.689%,. Calcd for [Co(Nj)(NO,)(C;HgN,)a](CioH4O4-
BrS): C, 29.13; H, 5.24; N, 19.419%,. The recrystallized
diastereomer (0.5 g) was dissolved in a minimum amount of
water (35 cm3) at 40 °C, and 10g of NaClO, was added to it
with stirring. After the mixture had stood for two hours, the
resulted fine red orange lustrous prisms were filtered, washed
with ethanol and ether, and air-dried. 144 mg. [a]se9= 1 32°.
[x]ss6=+43°. The perchlorate was recrystallized from water
(40 °C, 6 cm?). 66 mg. It was confirmed that the optical
rotation of this isomer was not increased by the recrystalliza-
tion. Found: C, 13.27; H, 4.30; N, 30.61%. GCalcd for
[Co(N;) (NO,) (C.HgN,),]Cl10,: C, 13.10; H, 4.40; N, 30.56%,.

(9) (+)sse-cis-[Co( NCS)(NO,)(en),]Cl: To a solution of
1.6 g of barium acetate in 200 cm? of water (60 °C) was added
3.9 g of ¢is-[Co(NCS)(NO,)(en),],80,.1» After the mixture
had been stirred for half an hour at 60 °C, the barium sulfate
deposited was removed by filtration. The filtrate was evapo-
rated to dryness with a vacuum evaporator, and the resulted
fine yellow orange crystals were collected and washed with
70% ethanol, ethanol and then ether, and air-dried. 3.5 g.
Found: C, 24.54; H, 5.62; N, 24.48%,. Calcd for [Co(NCS)-
(NO,) (C.HN,),]CH,CO,: C, 24.57; H, 5.60; N, 24.55%,.
The racemic acetate, cis-[Co(INGS)(NO,)(en),]CH;CO, (2.0
g), was dissolved in 10 cm?® of water at 40 °C, and a solution
of 1.0 g of K,[Sh,(d-tart),]-3H,O in 10 cm? of water at 40 °C
was added toit. A large amount of yellow orange precipitate
separated soon, and was filtered after an hour (the filtrate was
used for separating the (—)jge-isomer), washed with ethanol
and ether, and air-dried. 1.5g. [a]see=-4110° [o]s06=
+4-160°. This was recrystallized from water (45 °C, 500 cm?).
Yellow orange needles. 0.9 g.  [a]zso=+125°, [a]546=+ 191°.

The recrystallized diastereomer (0.3 g) was dissolved in
150 cm3 of water at 40 °C, and was converted into the chloride
solution by an ion-exchange method. The resulted chloride
solution was evaporated to dryness below 30 °C in a vacuum
evaporator. After being suspended in ethanol with stirring,
the fine yellow orange prisms were filtered, washed with
ethanol and ether, and dried in air. 0.13 g. [o]549=+87°,

Kiyoshi Yamasaki, Jinsai HipAkA, and Yoichi SHIMURA

[Vol. 49, No. 11
[]sa6=+197°. Recrystallization of the chloride caused no
increase in the optical rotation. Found: C, 18.89; H, 5.05;
N, 26.29%. Calcd for [Co(NCS)(NO,)(C,H,N,),]Cl: C,
18.85; H, 5.06; N, 26.379%,.

The (—)sqp Optical isomer appeared soon after a solution of
1.0 g of LiCl in 2 cm? of water was added to the above mention-
ed filtrate freed from the diastereomer. The crystals were
filtered after about 5 min, washed with ethanol and ether, and
air-dried. 0.41g. [a]ze=—82° [a]ss6==—186°. This was
recrystallized from water (45 °C, 16 cm3). 0.22 g.

(10) (— )sgo-cis-[CoCI(NCS) (en),]CIO,: The racemic per-
chlorate was prepared from #rans-[CoCly(en),]Cl by the
Werner’s method.® The perchlorate obtained was contam-
inated with the diisothiocyanato complex, and then purified as
follows. The crude perchlorate salt was fractionally extracted
with water, and to each extract was added one-fourth volume
of 70% HCIO, and the resulted solution was cooled in an ice
bath for several hours. The fine orange crystals of the con-
taminant, [Co(NCS),(en),]ClO,, precipitated from the earlier
extracts, whereas the dark red crystals of c¢is-[CoCI(NCS)-
(en);]ClO, precipitated from the later extracts. No crystal-
lization occurred from the middle extracts. The crystals of
the desired complex were recrystallized from water by the
addition of perchloric acid as described above, and filtered,
washed with ethanol and ether, and sucked dry. Found: C,
16.00; H, 4.18; N, 18.74%,. Calcd for [CoCl(NCS)(C,H,-
N,).]ClO,: C, 16.14; H, 4.33; N, 18.829%,.

A solution of 12 g of racemic ¢is-[CoCI(NCS)(en),]ClO, in
160 cm? of water (50 °C) and a solution of 5.3 g of NHd-bcs in
30 cm?® of water (50 °C) were mixed. The mixture was allow-
ed to stand at room temperature for an hour, and then cooled
gradually to 10 °C. The dark reddish violet crystalline pre-
cipitate was filtered, washed with ethanol and ether, and
dried in air. 8.6 g. The filtrate was used for obtaining the
(4 )sso-isomer. [a]sgo=—+11°, [a]ss6=+226°. This was re-
crystallized from water (45°C). [alsee=427° [alse6=
+317°. Found: G, 30.37; H, 5.43; N, 11.57%,. Calcd for
[CoCl(NCS)(C,HN,),]1(CyoH,,0,BrS) - H,O: C, 29.98; H,
5.37; N, 11.66%,. The recrystallized diastereomer (3.5 g) was
stirred with 6 cm® of 709, HCIO, for an hour. After the
mixture had been stirred in an ice bath for another hour, the
separated fine crystals of the perchlorate were filtered, washed
with ethanol and ether. 1.2 g. [o]sg9=—31°, [a]5e6=1389°.
The perchlorate was dissolved in a minimum amount of water
(20 cm?®), and 4 cm?® of 709, HCIO, was added to it. After
the mixture had stood overnight, the reddish violet crystals
separated were filtered, washed with ethanol and ether, and
dried in a vacuum desiccator over CaCl,. 0.7g. [alze0=
—39°, [a]546=-1440°. Found: C, 16.34; H, 4.31; N, 18.45%,.
Caled for [CoCl(NCS)(C.HN,),]ClO,: C, 16.14; H, 4.33;
N, 18.82%,.

The filtrate freed from the less soluble diastereomer was evap-
orated at 25 °C to 170 cm3, and after cooling the solution in
an ice bath, the second crop of the diastereomer was removed.
The filtrate was evaporated further to 55 cm?, and 18 cm? of
70% HCIO, was added to it. After cooling the mixture by
ice, the precipitated perchlorate was filtered. This was found
to be an optically impure perchlorate of the (4 )zgp-isomer.
The filtrate was kept in a refrigerator for three days, and then
the dark reddish violet needles separated. The crystals were
filtered, washed with ethanol and ether, and air-dried. 0.4 g.
These showed the same optical rotation with the opposite sign
in comparison with the (— )5 perchlorate.

Measurements. The absorption spectra were measured
by a Shimadzu UV-200 or a Beckman DU spectrometer. The
CD spectra were recorded with a Jasco Model ORD/UV.-5,
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J-10, or J-20 spectropolarimeter, and the optical rotation by a
Yanagimoto Model 185 or a Jasco Model ORD/UV-5 spec-
tropolarimeter. The measurements were made at room
temperature in aqueous solutions. The concentration of the
solution ranged from 0.005 to 0.0001 M. The cell length was
1,2 cm, or 1 mm.

Results and Discussion

Absorption and CD Spectra. The absorption and
CD data are listed in Tables 1 and 2. In Fig. 1 the CD
spectra of (—)see-[Co(N3)(NH;)(en),]*+ and (+)s80
[Co(N,)s(en)p]+ complexes are shown together with
their absorption spectra. In the “azido-specific band”
region around 33000 cm~1, the ammineazido complex
shows a single CD band with its peak in almost the same
position as that of the absorption peak, while the diazido
complex shows two CD bands of opposite signs. This
observation supports that the broadening of the specific

TabLE 1. AbsorpTION AND CD pATA OF cis-[Co(X) (NHy)-
(en),]2* AND cis-[Co(X)g(en),]* COMPLEXES

CD Spectra of Co(IIT) Complexes

Complex ion O mex™ (log €) Tox™ (dE)
(—)s80-[Co(N;) (NHj) (en),1** ;3-?}(2)'52) ég‘fg_g?g;
~27 shP .1(—0.
33.3(3.90) ig.s;(;rl).g )
~43 sh(4
48.1(4.28)
(+)589-[Co(Nj),(en),]* 19.3(2.52) {;gggt??g;
~26 sh 25.8(<1.92)
33.1(4.06) {gg:gtg:g g
~42 sh(—)
46.5(4.30)  46.3(+12 )
E;)ﬁg;[CO(NCS)(NHs)' 20.5(2.32)  20.0(—0.28)
~28 sh 27.7(—0.05)
33.2(3.23) ?Ztl.g(?-oils)
8 (+1.2)
(Do CoNCS)(eml+  20.42.50)  fy"3l 03
25.3(—0.04)
~28 sh {27.3(+o.10)
30.8(—0.45)
32.5(3.46) {35.2(+0.12)
40.7(—1.2 )
{43.7(+1.o )
U s [0S
31.1(3.23) {gé 'S(;((:L(;' 19)
42.1(4.23)  40.8(+2.5 )
(CrlCoMNO el 228229 o, ¢\ o e
9.6(+2.
31.1(3.56) {gs sh((tz) )
37.8(—3.7 )
41.7(4.32) {43.2(“6 )

a) Wave numbers are given in 103 cm-L

means a shoulder band.

b)“sh”
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AssorpTION AND CD pata oF ¢is-[Co(X)-
(X’)(en),]* cOMPLEXES

amaxa) (log 8)

TABLE 2.

Complex ion Ooxs™ (4e)

(+F)uss -[CONI (NCS)em)aT* 19.62.51) {3054 50)
27.0(4-0.26)
32.4(3.91)  32.8(—1.3)
41.7(—0.5 )
(Do [CoN (NOp) )T+ 20,4265 {po"00 | o)
28.4(41.05)
31.0(—0.7 )
33.1(3.92)  33.9(+3.0 )
~41 (4.05)  38.6(—5.1)
45.8(—11 )
(-F)s80-[Co(NCS) (NO,)- 20.3(4-0.58)
(en ZT’* 21.2(2.48) {23.0(—0.20)
26.8(—0.31)
31.0(3.52) 30.2(+2.44)
~41 (4.1)  37.8(—3.7)
43.3(—1.4 )
46.0(+1.4)

~ . b, .4(—0.
(= ear [CoCINGS) (ensl+ | }gggéj;) 203 o5
27.9(+0.18)
~32 (3.2) 32.6(—0.6)
37.1(+0.3 )
44.4(4.25)  45.0(—5.0 )

a) Wave numbers are given in 103cm-!. b) “sh”

means a shoulder band.

log &

‘2t

+1F

Ae

1520 25 30 35 40 45
o (10° cr™Y)

Absorption and CD spectra of (+)sge-cis-[Co-
) and (—)sge-cis-[Co(Ns) (NHj)-

Fig. 1.
(N3)a(en),]CIO, (
(en),]Cl,-H,O (------ )

absorption band in the diazido complex is due to the
overlapping of two split components of the band. The
weak negative CD band at 26100 cm~* of the ammine-
azido complex and the positive CD band at 25800 cm—*
of the diazido complex correspond to the second d-d
absorption band ('A;;—'T,, in O, symmetry). The
positive CD band of the diazido complex has the
intensity comparable to the CD band in the first d-d
absorption band (1A;,—'T;, in Oy, symmetry) region.
This is unusual, but this behavior should be considered
to be only the result of the contiguity of the intense
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positive CD band of the specific band. In Fig. 2 the CD
spectra of isothiocyanato complexes are shown with
their absorption spectra. Concerning their specific
bands the CD behavior similar to the azido complexes
are observed; A single weal CD band is observed at
34900 cm~! for the ammineisothiocyanato complex,
while two CD bands of opposite signs are observed for
the diisothiocyanato complex. This fact suggests the
band splitting of the diisothiocyanato complex. The
nagative CD band of the ammineisothiocyanato complex
at 27700 cm~! and the two CD bands of the diiso-
thiocyanato complex at 25300 and 27300 cm=! are
assigned to the second d-d transitions.

+2r

+1f

Ade
(=]
>

15 20 25 30 35 40 4
g (103 cm™?)
Fig. 2. Absorption and CD spectra of (—)sge-cis-[Co-

(NCS),(en),]Cl (——) and (—)sg-cis-[Co(NCS) (NH;)-
(en)4]Br,-0.5H,O (------ ).

The azido and isothiocyanato complexes show very
similar absorption curves to each other (Figs. 1 and 2).
The specific absorption band at 33000 cm~! of cis-
[Co(Ng)s(en),]t is 1.23 times as broad (and 1.45 times
as intense) as that of c¢is-[Co(Ng) (NH,)(en),]2t. The
same situation is also found for the isothiocyanato
complexes, that is, the specific band at 32700 cm~1 of
cis-[Co(NCS),(en),]* is 1.23 times as broad (and 1.70
times as intense) as that of ¢is-[Co(NCS) (NH;) (en),]2t.
This absorption behavior concerning the band width
of the azido and isothiocyanato complexes is quite a
contrast to that of the corresponding nitro complexes,
where the cis dinitro complex shows the specific band
similar in width to the amminenitro one (Fig. 3). The
absorption band broadening in the diazido and diiso-
thiocyanato complexes suggests a band splitting, and
this is confirmed from the CD spectra as above. It has
been pointed out in earlier days for isothiocyanato
complexes of chromium(III),1) and isothiocyanato® and
nitro? complexes of cobalt(IlI) that the specific band
intensity is proportional to the number of the coordinat-
ed particular ligand, and this has been taken as an
evidence for the theory that the specific band is due
to the intraligand transition. As for the present
complexes the (dianiono/ammineaniono) ratio of inte-
grated intensities of the specific bands is approximately 2
for all of the azido, isothiocyanato, and nitro ligands.
It is significant, however, in the case of the diazido
and diisothiocyanato complexes, that the specific bands
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Fig. 3. Absorption and CD spectra of (—)sgq-cis-[Co-
(NO,)3(en),]Cl (——) and (—)sy9-cis-[Co(NO,) (NH;)-
(en);]SO,-HO (------).

are shifted to the lower energy side than the correspond-
ing ammineaniono complexes, and that the shift
direction is the same as that of the first d-d absorption
bands. The parallel shift of the specific and the first
d-d bands may be taken as an evidence of the theory
that the specific absorption band is due to the ligand-to-
metal charge transfer transition, because the wider is the
separation between the occupied d, and the empty d,
orbitals, the higher should be the energy of the charge
transfer transition from the almost unaffected ligand
orbital to the empty d, orbital.

Miskowsky and Gray'® assigned the isothiocyanato
specific band to the m(ligand)—d,:(metal) transition
as in the case of the longer wavelength charge transfer
bands of amminehalogeno cobalt(III) complexes. As for
the latter halogeno charge transfer bands, Yamatera2?)
established the assignments that the longer and the
shorter wavelength charge transfer bands are due to
the p,(ligand)—d,:(metal) and p,(ligand)—d,:(metal)
transitions, respectively. The p,(ligand)—d,:(metal)
transition of a C,, complex such as [CoX(NH,);]%* is
expected to split into two transitions for a C,, complex
such as cis-[CoX,(NH,),]*.2» If it is presumed that the
chelate ring effect of ethylenediamine is negligible, and
the ligand fields of the diamine and the ammine are
quite the same, the symmetry of cis-[ CoX(INH,) (en),]2+
is approximated to C,, and that of ¢is-[CoX,(en),]+ to
Cyy. Then, the splitting of the specific absorption band
in the diisothiocyanato complex can reasonably be
explained by the theory that the isothiocyanato specific
bands are due to the charge transfer transitions from 7
orbitals of the pseudohalogeno ligand to the lower
empty d, orbital (d,:) of the central cobalt(III) ion.
The similarity of the azido and isothiocyanato complexes
in the CD and absorption spectra may be related to the
fact that both the ligands are linear triatomic pseudo-
halide ions having sixteen valence electrons.?®) Therefore
the azido specific band is also considered to be the
ligand-to-metal charge transfer band.

In Fig. 3 the CD curves of the remaining pair of the
mono- and dianiono type complexes, (—);g9-[Co(NO,)-
(NHjg) (en),]** and (—)559-[Co(NOy)s(en),]*, are shown
with their absorption curves. In these complexes the
second d-d absorption band is completely overlapped
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with the nitro specific band. Both the dinitro and
amminenitro complexes show two CD bands of opposite
signs in the region. However, if the weak CD band of
the amminenitro complex in the lower energy side is
assumed to correspond to a component of the second d-d
absorption band, the more intense CD band in the
higher energy side corresponds to the specific band. It
may be unreasonable to consider the nitro specific
band in the same way as the pseudohalogeno specific
band, because the NO,~ ligand is much different from
the Ny~ and NCS- ligands, that is, the latter two ions
are linear pseudohalides which have no absorption band
in the near ultraviolet region,??) while the former
nonlinear ion has two weak absorption bands in this
region, which have been assigned to n—z* transitions.?4)
Nevertheless, it is found experimentally that the CD
behavior in the nitro specific band region rather
resembles that in the pseudohalogeno specific band
region.

For the second intense absorption band in the higher
energy region (38000—45000 cm~1) of the (—);g nitro
complexes, a positive CD band is observed for the
amminenitro complex and two CD bands of opposite
signs, negative and positive from lower energy side,
are observed for the dinitro one (Fig. 3). A similar
splitting of the shorter wavelength CD band is also
observed for the diisothiocyanato complex. That is,
the complex has two CD bands of opposite signs in the
region of 37000—44000 cm~1, while the corresponding
ammineisothiocyanato complex has only one CD band
in this region (Fig. 2 and Table 1).

In Figs. 4—6 the absorption and CD curves of the
three mixed complexes of the ¢is-[Co(X) (X') (en),]*+ type
containing different two of Ng—, NCS—, and NO,~ are
shown together with the absorption curves of the “parent
complexes,” cis-[Co(X),(en),]* and cis-[Co(X"),(en),]*.
The d-d absorption band positions of the mixed com-
plexes are nearly intermediate between those of the
parent ones, but the d-d band intensities are not
necessarily intermediate. In the region of specific
absorption bands, the absorption curves of the mixed
complexes are nearly intermediate between those of the

o (108 cm-1)

Fig. 4. Absorption and CD spectra of (4 );ge-cis-[Co-

(N;) (NCS)(en),]CI1.0.5H,O ( ), and absorption
spectra of cz.v-[Co(Na)z(en)z]ClO4 G ) and c¢is-[Co-
(NCS),(en),]Cl-H,O
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Fig. 5. Absorption and CD spectra of (4 )sgo-cis-[Co-
(N3) (NO,) (en),]Cl1O, ( ), and absorption spectra
of cis-[Co(N;),(en),]ClO, (-+--- ) and cis-[Co(NO,),-
(en),]ClO; (-----).

g (10 cm™?)

Fig. 6. Absorption and CD spectra of (4 );s-cis-[Co-
(NCS)(NO,)(en),]Cl (——), and absorption spectra
of ¢is-[Co(NCS),(en),]Cl1-H,O (------ ) and ¢is-[Co-
(NO,),(en),]ClO, (----- )

parent ones, but not exactly so, especially for the
azidoisothiocyanato complexes. The deviation seems
to suggest an interaction between two aniono ligands
in the cis positions through the central cobalt(III) ion.

The ultraviolet CD of the mixed complexes is too
complicated to interpret systematically, and this may
be also the reflection of the symmetry lowering and the
interaction between the ligands. A comparison of the
CD curves of the mixed complexes with those of the
parent complexes having the same absolute configura-
tion and further with their average CD curves was
attempted on trial, but any simple regularity was not
found.

Absolute Configurations of the Complexes. McCaffery
et al.?%) have correlated the CD pattern in the first d-d
absorption band of a bis(ethylenediamine) cobalt(III)
complex with its absolute configuration by employing a
model, in which a cis-[Co(X),(en),]t complex with C,
symmetry is regarded as an intermediate between
[Co(en),]3+ with Dy symmetry and cis-[Co(X),(INH;), ]t
with C,, symmetry. When the ligand X lies far above
or below the ethylenediamine ligand in the spectro-
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chemical series, the complex is near the C,, limit, and
the major one of the two CD components is observed
closer in energy to the first d-d absorption band of
[Co(en)4]3+ than the minor CD component. Then the
positive major CD component is correlated to the
positive E, component of A-(+)zg9-[Co(en)z]3+.28 From
this criterion and the CD data in Table 1, the absolute
configuration 4 was assigned to the two present dianiono
complexes, (+);go-diazido and (—);zge-dinitro complexes,
and 4 to the remaining (—);g,-diisothiocyanato com-
plex. The absolute configuration of (—);ge-dinitro
complex has been determined as 4 by an X-ray ana-
lysis.2?)

The same treatment can be applied to the mixed
complexes of the ¢is-[Co(X)(X') (en),]* type by regarding
them as the cis-[Co(Z),(en),]+ complexes, where Z is
an imaginary unidentate ligand having the average
ligand strength of X and X', if X and X’ are not so
different in the ligand strength from each other. Thus
the (—);zg9 isomer of cis-[CoCl(NCS)(en),]t, which has
the major positive CD component at the higher energy
side in the first absorption band region, was assigned
to A. The (4)sg9 isomer of ¢is-[Co(Ny) (NCS)(en),]+
complex was assigned to 4, because the higher energy
CD component of the this isomer has a negative sign
(4e=—0.20), though this negative component is not
the major one.

As for the ammineaniono complexes, the isomers
having a negative CD band in the first d-d absorption
band region, that is, (—)gsg-ammineazido and (—);gq-
ammineisothiocyanato, were assigned to the 4 con-
figuration according to Norman’s proposal.?®) The A
configuration of (4);s-ammineisothiocyanato complex
is consistent with the fact that this isomer was derived
from the A-(—)ggo-chloroisothiocyanato complex.

Garbett and Gillard?® derived the (-);g isomer of
amminenitro complex from the A-(—);z59-[CoCI(NCS)-
(en),]* through (+)gee-[Co(NCS)(NO,)(en),].* This
means that the configuration of (—)zg-amminenitro

TABLE 3. ABSOLUTE CONFIGURATIONS OF THE OPTICAL
ISOMERS FORMING THE LESS SOLUBLE DIASTEREOMERS

: Resolvi ical Absol
Complex fon easge‘xll?g gg::(i:c?n conﬁgﬁrlal.?i:on
(O lCMNINH ) (e 4
@) cz:s-[Co(N;,)g(en)g]"' b) (+)s80(— ) sas 4
gz’x)l)ﬁ;ECO(NCS) (NHy)- <) (+)ss9(+)sa6 A4
(4) cis-[Co(NCS)y(en)s]* b)  (—)sse(+)sas 4
&f:j‘ ;J[rco (NODINHs)= 2) (=) se0(—)sue 4
(6) ¢ ’:5' [Co(NO,),(en),]+ b) (—)sss(—)s4e A4
e
gr)l)fjt[co (Na) (NO,)- a) (+)s89(+ )56 A
() i GoNCYNOD- 1) (4)pu(t)us 4
gggzﬁi:- [CoCNGS)- a) (—)sse(+)sas A
a)NH,(d-bcs). b) Ky[Shy(d-tart),] 3H,0. c) Deri-

ved from A- (—)sgs -[CoCI(NCS) (en),]*.
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isomer in Table 1 is A, which has a major negative
CD component at the lower energy side in the first
absorption band region. It is consistent with the results
for the other 4 nitro mixed complexes such as (—);go-
dinitro,?”)  (—)sge-chloronitro,?® and (—)see-Cyano-
nitro®” complexes. In this relation, the present two
mixed complexes, (+);s5-[Co(N;)(NO,)(en),]* and
(+)58-[Co(NCS)(NO,) (en),]*+, were assigned to the
A absolute configuration, because both the two com-
plexes have a positive CD component at the lower energy
side in the first absorption band region (Table 2).
The assignments of absolute configurations for the
present ten complexes are collected in Table 3. From
this table and the CD signs of the “specific band”
(Tables 1 and 2), the following relationship is obtained.
In the ammineaniono complexes, all the A isomers
show a negative CD band in the regions of the specific
absorption bands, if a weak CD band of the amminenitro
complex at 31000 cm—! is neglected. As mentioned
already, this longer-wavelength weak CD band may be
due to the second d-d absorption band, which is
completely overlapped with the nitro specific band. In
the dianiono complexes, 4 isomers show regularly a
CD pattern of negative and then positive signs in the
order of increasing energy (Figs. 1-——3). In the mixed
type complexes, cis-[Co(X) (X') (en),]t (X and X'=Nj-,
NCS-, or NO,-), the CD patterns are complicated, but
the following regularity is found out for the specific
band region; that is, the dominant CD band in this
region is positive for all of their A isomers (Figs. 4—6).

The authors are grateful to Dr. Wasuke Mori of
Osaka University, and Dr. Keiji Matsumoto of Osaka
City University for their help in the measurements of
CD spectra.
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