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I. INTRODUCTION

Within the past few years, Sargesonl_h and coworkers have
prepared a series of transition metal complexes containing secondary
amines. In these complexes the inertness of the coordinated secondary
amine nitrogens toward inversion of configuration had been demonstrated.
This observation has elicited much interest in the stereochemistry of
these complexes. The complex ion, FO(NH3)4 msﬁ]3+,2 has been shown
to exist as a pair of enantiomers (shown in Figure 1) which have been
resolved. Likewise, the {?O(NH3)4Saa 2" jon' and the @t(en)(menﬂ at
ionh have also been resolved. 1In these complexes, the dissymmetry
arises solely as a result of the coordinated asymmetric secondary
nitrogens. For the same reason, a meso form and an enantiomeric
pair of the trans,trans- @o(men)g(Nog)Q * jon® were isolated and
characterized as having the structures shown in Figure 2. The meso
form has the two secondary amine nitrogens with mirror image configu-
rations whereas the enantiomers have the two nitrogen atoms with the

same configuration.

Racemization of active trans,trans—[Co(men)Z(NOZ)é]+ occurs by
a base catalyzed process. It is believed to involve three steps as
shown in Figure 5.5’5 First, the secondary nitrogen atom is deprotonated
by hydroxide ion. Next, the deprotonated nitrogen atom is inverted
to the mirror image configuration, and finally, the nitrogen atom is

reprotonated. This rasults in the somewhat less stable meso form

which readily isomerizes to the racemic form by further inversion of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



+
Figure 1. Structures of the enantiomers of [Co(l\ﬂ-ls)4 mer]Zy .

X
{ !
4‘:54/7\)?’“”6 KESEMe IKPSpime
/ O/ /
Me o VRV N SN
SN .
X X X
1 I m

Figure 2. Structures of the stereoisomers of trans,trans- E}o(men)z
(NOz)gj *. I and II are enantiomers; III is a meso form.
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one of the secondary amine nitrogen atoms. Although the ring con-
former interchange has been represented as part of the inversion step
in Figure 3, it is not known whether this occurs during or after the

inversion step.

K
—_ | e depr | (S
OHh NS-Me =R W@/M

H Kprot
Klim, T lkinv

Koro
N%f\{\M 2 t\'“Qv”we

kdepr‘

Figure 3. Proposed mechanism for racemization of active trans,trans-
@O(men)g(N02)§ +.  Only the one men is shown.
The deuteration process of the secondary amine nitrogen atom is

base catalyzed also, and obeys the same rate equation as racemization:
rate = k[comple)g [OH_:] (1)

Racemization and deuteration are believed to share the first step of
the process in Figure 3. Tor deuteration, however, reprotonation
occurs before inversion. The ratio of the rate constants for deutera-
tion and racemization is about 90,000 at 34°. This reflects the fact
that very few deprotonated nitrogens invert before reprotonation

This explains, then, the fact that it is possible to isolate stereo-

isomers which arise only because of differences in configurations
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around the asymmetric nitrogen centers: these centers are very
inert to inversion

The origin of optical activity in the d-d metal transition
region for complexes of amines possessing asymmetric nitrogen centers
has been a point of controversy. Buckingham, 33_33.6 assigned the
absolute configurations of (')DiE£§E§£EEEEf‘[?°<men)2CI4 +, which
they prepared from the dextro dinitro complex. Their assignment was
based on a comparison of the CD curve for this complex in the
Alg-—élbg(oh) electronic transition region to those for the complex

. E . + N +
ions, (+)D-trans- [Co(L-j,B—mtrlen)Clé N (+)D—trans- [Co(trlen)clg:, N

M-[Co(R—pn)gclgj +, and trans- [(Jo(R—chxn)2012] +. The gauche (or
skew) diamine side chain ring conformations in the first two complexes
are known to be Ja conformations as are the diamine rings of the
later two complexes. Buckingham, et al. assumed that the puckering
of the diamine rings was the predominant contributor to the optical
activity in all of these complexes and assigned the ring conformations

in (—)D—trans,trans—[Co(men )2012J * as ) because the CD curve bears

an essentially mirror image relation to those of the other trans-
diacido-tetramine complexes which have known J’ ring conformations.
From conformational considerations2’3, it is known that the N-methyl

group in N-methyl-ethylenediamine prefers an equatorial conformation

Thus, the secondary nitrogen configurations in (—)D—trans,trans-

8The use of / and A to specify the chirality of gauche conformations
of five membered diamine chelate rings conforms with their use as
specified by the Commission on the Nomenclature of Inorganic Chemistry
of the International Union of Pure and Applied Chemistry.7 Structure
I in Figure 1 is in the J‘ conformation whereas Structure II is .
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[Co(men)gclg_]+ were assigned 8 b configurations.

From a study of the stereospecific coordination of Ny-methyl-
(S)-propylenediamine, Saburi, gﬁ_g}.g’lo concluded that Buckingham
and coworkers had assigned the absolute configuration of (')DTEEEEE’
trans- Eo(men)g(NOZ);J+ incorrectly. When Ny -methyl-(S)-propylene-
diamine coordinates to a metal ion, there are two possible gauche
ring conformations ( A or J’ ) which the chelate ring can assume
However, X—rayll’12 and conformational analysisB'l5 studies of com-
plexes of (—)D-propylenediamine suggest that the C-methyl group
always prefers to be in an equatorial position with respect to the
metal chelate ring

There are two possible configurations of the coordinated N-

methyl nitrogen atom as shown in Figure 4. Structure I has the N-

| Me

~N 4 ~

| e™e | e
I I

Figure 4. Two possible conformations that result when S-Nlmpn co-
ordinates to a metal ion. The conformations are those resulting
from preferential placement of C-methyl equatorially.

bThe use here of R and S to describe the absolute configuration about
an asymmetric tetrahedral nétrogen atom conforms with the guidelines
as proposed by Cahn, et al.
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methyl substituent in an equatorial position with an R nitrogen
configuration while structure II has the methyl in an axial position
with an S nitrogen configuration. X—rayl6 and conformational analy-
sis studiesz’l5 of complexes of N-methylethylenediamine suggest that
the N-methyl prefers the equatorial orientation. Since this diamine
has been shown by Saburi, Eg_gg.lo to coordinate stereospecifically,
this preference must be very pronounced. In order for the N-methyl
and C-methyl on the asymmetric carbon atom of known S absolute con-
figuration to be equatorial, the ring conformation must be S and the
nitrogen configuration must be R for the diamines in trans,trans-
[co(s-mmpn)zc15] ¥,

The CD curve for this complex is very similar to that for (—)D-

fzggg,trans—[Co(men)zcl;J+ in the Mg — Ty (Oh) region. This re-
sulted in Saburi and coworkers assigning a R nitrogen configuration
and a J-ring conformation to the N-methylethylenediamine ccmplex,g
Thus, there was a conflict with the assignment made by Buckingham
and coworkers.
However, this conflict was resolved shortly thereafter. The
s@ructure of (‘)D‘EIEEE)QZEEE‘ Co(men)zcl%]clo4'0.5H20 in a single
.crystal was determined by anomalous dispersion X-ray diffraction
techniques.16 The diamine rings were found to have d/ conformations
and nitrogen configurations were R with the N-methyl groups in
equatorial position. The assignment made by Buckingham, et al
from a CD curve comparison of this complex with other trans-dichloro-

tetramine complexes, which did not possess N-methyl substituents

was incorrect.
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Explanations to rationalize these anomalies in the CD curves
have been suggested. Hawkinsr{ proposed that the CD curves in the
Ag—Tig (Oh) d-d transition region for the trans-dichlorobis
(diamine )cobalt (IT1) complexes resulted from additive dissymmetric
effects from (1) the chelate ring conformation and vicinal effects,
from (2) the asymmetric carbon atoms and (3) the asymmetric secondary
nitrogen atoms. 1In order to account for the Cotton effects discussed
above, he concluded that contributions from the secondary nitrogen
atoms were much larger than the other two effects combined and were
of opposite sign.

Masonl8 concurrently proposed a somewhat different explanation.
He believéd that the activity of trans-diacidotetramine complexes
should in general obey a regional sign rule. He suggested that the
Alg—)Azg(D4h) CD band near 22,000 cm-l for (-)D—m,lx_‘a_n_s_-

[Co(mengcng+, trans-[(-Jo(R-pn)gclg] * and trans,trans-[(}c(s-NImPn )2012]+

obeyed a hexadecadal rule. Applying this rule, the regions of space
above and below the metal-amine plane are divided into two sets of

opposite signed octants as shown in Figure 5 for Alg-—-) Azg(D4h)

S-S AN 4
1

20 'O/N‘_ i ':/j__
2N NN

s - + N

"\

+2Z\

I I

Figure 5. Regional sign arrangement for contribution to the activity
of the Ajg—> Az, (D4h) CD bands for dichlorotetramine cobalt (III) ions
(1) above the te%ragonal plane and (II) below the tetragonal plane.
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component band. For the above mentioned complex ions, which possess

J— chelate ring conformation and R configurations at the N-methyl
nitrogen atoms, the N-methyl substituents lie in negative regions
whereas methylene and methylmethylene ring moieties lie in positive
sectors. In addition, it is easily seen from molecular models that
the N-methyl groups lie further above the ColNy plane and should con-
tribute more to the activity than to the other substituents. A
hexadecadant array of opposite sign to that shown in Figure 5 de-
scribes the Aj g~ Ey (D4n) low energy component in the M= Tig
(Oh) transition region

This approach by Mason is a more general one than that proposed
by Hawkins . Any dissymmetric trans-diacidotetramine can be de-
scribed assuming the magnitude of the contributing substituents is
known. For instance, it has recently been applied successfully to
C-methyl and N-methyl substituted trans-diacido complexes of tri-
ethylenetetramine
The hexadecadal rule has a theoretical basis as well. Shellman19

has treated optical activity in molecules for which the chromophore
portion is not inherently dissymmetric. These molecules are treated
as symmetric chromophores in which the optical activity arises be-
cause of a static dissymmetric perturbing field from the rest of the
molecule. On strictly symmetry considerations, he has shown that
perturbing functﬁons must have symmetry properties of' a pseudoscalar
in the point group of the unperturbed chromophore. The simplest form
for this function in the Dun point group, to which trans-diacido-

tetramines can be classified in the first approximation, is the
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function XYZ(x®-y2). The regional sign dependency of this function
traces out the sixteen hexadecadents in space. The bis-diamine
complexes under consideration might also be looked upon as perturbed
chromophores of Dpp symmetry. This would give rise to an octant
rule. Martin, et al.go has shown that square planar complexes of
tripeptides appear to obey a hexadecadal rule rather than an octant
rule even though these complexes seem less related to the Dyh point
groups than the bis-diamine complexes. Thus, based on the small
amount of empirical evidence gathered to date and symmetry considera-
tions, it appears that a hexadecadal rule should predict the activity

of d-d CD bands of trans-diacidotetramine complexes.
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II. STATEMENT OF PROBLEM

A series of trans-diacidobis(diamine) cobalt(III) complexes of
N,N/-dimethylethylenediamine and N,Nl-dimethyl—(R)-propylene—
diamine were prepared for the primary purpose of evaluating cur-
rent theories on the origin of optical activity in dissymmetric
tetragonal complexes. The dinitro complexes were prepared and
characterized; the complexes of N,NI-dimethylethylenediamine were
resolved into the enantiomers which arise because of the two pos-
sible configurations that the asymmetric N-methyl nitrogen atom can
take. Active forms were obtained for the complexes of N,N’—dimethyl-
(R)-propylenediamine from the initial complex preparation; this was
because of the stereoselective coordination of the N-methyl nitro-
gen atom in the active diamine. In addition to these complexes,
the analogous dichloro complexes were prepared directly from the
active dinitro complexes. Mixed diamine complexes were also pre-
pared with the above N-methyl substituted diamines and ethylene-
diamine or propylenediamine. Before their activity could be analyzed
rigorously by circular dichroism, the stereochemistry of the complexes
had to be ascertained. This was accomplished with generous use of
proton magnetic resonance data. TFinally, from deuteration and race-
mization data, nitrogen inversion rates were estimated for the
mixed diamine complex of N,N‘2dimethylethylendiamine and ethylene-
diamine, and the results were compared to the rates for other com-
plexes in order to determine conformational effects on inversion

rates.
10
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III. STEREOCHEMISTRY OF THE DIAMINES AND THEIR CHELATE RINGS

The asymmetric carbon atom in (—)D-propylenediamine has been

shown to exist in an R configuration as shown in Figure 6. The

GHNH CHoNHCH3

1

] [}
H——G——NH, H——¢——NHCH;

’ én

CHs 3

I Ir

Figure 6. Absolute configuration of (1) (- ) -propylenediamine and
(11) (- Jpls W’-dimethylpropylenediamine

absolute configuration of this compound has been determined in two
ways: it has been chemically related to D-alanine, a compound of
known absolute configuration, through a conversion of the COOH in
alanine to CHzlNHz in propylenediamine.2l This was confirmed when
the crystal structure of a single crystal of trans-dichlorobis (—)D-
propylenediamine )-cobalt (11T) chloride hydrochloride dihydrate was

studied by anomolous dispersion X-ray diffraction techniques.12 The

enantiomer, (+)D-propylenediamine, must have an S configuration,
and in subsequent text, these enantiomers will be referred to ouly

’
as (R) and (S)-propylenediamine. (_)DN,N -dimethylpropylenediamine

was prepared from (R)-propylenediamine by conversion of the amine

11
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III. STEREOCHEMISTRY OF THE DIAMINES AND THEIR CHELATE RINGS

The asymmetric carbon atom in (-)D-propylenediamine has been

shown to exist in an R configuration as shown in Figure 6. The

?}425”42 $H42h”+cli3

1 [}
H——C——NH, H——¢G——NHCH5

1 |

¢H3 d:H3

I I

Figure 6. Absolute configuration of (1) (-)D—propylenediamine and
(11) ( -)DN,N ~dimethylpropylenediamine.

absolute configuration of this compound has been determined in two
ways: it has been chemically related to D-alanine, a compound of
known absolute configuration, through a conversion of the COOH in
alanine to CHgpNHz in propylenediamine.gl This was confirmed when
the crystal structure of a single crystal of trans-dichlorobis (-)D-
propylenediamine )-cobalt (117) chloride hydrochloride dihydrate was
studied by anomolous dispersion X-ray diffraction techniques.12 The
enantiomer, (+)D—propylenediamine, must have an S configuration,
and in subsequent text, these enantiomers will be referred to only
as (R) and (S)-propylenediamine. (-)DN,N Cdimethylpropylenediamine

was prepared from (R)-propylenediamine by conversion of the amine

11
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12
groups to methylamine groups. Thus, the configuration of the asym-
metric carbon in the N-methyl derivative is also R as shown in
Figure 6.

The chelate rings formed by ethylenediamine and N and C-sub-
stituted ethylenediamine are non-planar due to conformational energy

Theilacker22 proposed that the ethylene-
3

requirements of the ring
diamine chelate rings take a skew conformation. Corey and Bailarl
were the first to do a detailed conformational analysis study of

metal-ethylenediamine ring systems. They concluded that the chelate
rings existed ir enantiomeric skew or gauche conformations as shown

in Figure T. Hawkins,l5 and Buckingham, et al.2’5 have done more

Figure 7. Skew conformations of a chelated ethylenediamine:

(1) 4 conformation, (II) A conformation.

sophisticated conformational analyses of complexes of ethylenediamine
and propylenediamine as well as N-methylethylenediamine. 1In these
substituted ethylenediamine complexes, it is generally concluded

that a skew conformation, which allows the methyl substituents to

lie in an equatorial position, is more stable. At present there is

some disagreement concerning the degree of this difference in
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stability, however. This will be discussed further as it applies

to this work.
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IV. EXPERIMENTAL
A. Materials

All chemicals were Reagent Grade unless otherwise noted.
Ethylene-diamine was 98-100% pure, and racemic propylenediamine was
Practical Grade. N,N’—Dimethylethylenediamine was purchased from
Ames Laboratories, Inc., Milford, Conn. The resolving agents,
ammonium -bromocamphor- 7 -sulfonate (NH,BCS) and l-tartaric acid
were purchased from Aldrich Chemical Co. and Mann Research Labora-
tories, New York, N.Y., respectively. The silver salt of the former
was readily obtained using the method of Buckingham, EﬂLﬂl-B
Deuterium oxide and deuterium chloride were purchased from Merck,
Sharp and Dohm, Montreal, Quebec, and from the J.T. Baker Chemical
Co. Ethyl chloroformate was Practical Grade. Tetraphenylarsonium

chloride was purchased from Aldrich Chemical Co.

B. Preparation of Diamines

1. (R)-Propylenediamine

Inactive propylenediamine was resolved by ten fractional crystal-
lizations with (+)-tartaric acid and acetic acid as described by
2

Dwyer, et al. 3 The optically pure least soluble diasteraomeric
salt of (R)-propylenediamine was converted to an agueous solution of

s : : 2k "
the free amine, using the method of Bailar, et al. (Gi}p = -33.2
for 15 mg/ml solution in dry benzene; the value obtained by Dwyer

et al. after 10 recrystallizations, [oﬂD = 3h.2°).

i
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2. !S!-Proyylanediamine

(S)-Propylenediamine was obtained with somewhat low optical
activity using the method of Dwyer, gﬁ_g}.25 ([OJD = -31.9° for a
8.25 mg/ml solution in dry benzene). The amine (20.7 g, 0.28 mol)
was further purified by crystallization from a 10° solution, contain-
ing water (250 ml), glacial acetic acid (20 ml) and l-tartaric acid
(70.2 g, .56 mol) to give 92.2 g of the hydrogen l-tartrate salt
This was recrystallized by the dissolution of the salt in boiling
water (125 ml, 105 ml, 95 ml, 85 ml) followed by the addition of
glacial acetic acid (7 ml) and cooling to 10°. The crystals were
collected, washed with cold water (15 ml) and air dried. Four ad-
ditional recrystallizations were carried out, reducing the amount of
water by 10 ml and the acetic acid by 0.5 ml with each recrystalliza-
tion. (Final yield: 75.3 g). The amine was found to have high
optical purity (E}}D = -33.9° for a 21.3 mg/ml solution in dry ben-
zene). The remaining salt was then converted to an agueous solution

of the free amine, using the method of Bailar, et al.gh

3. (R)-Diethvl—propylenebis(carbamate)

An aqueous solution of (R)-propylenediamine (33.8 g of 35%
solution, 0.18 mol), methanol (300 ml) and sodium bicarbonate (163 g,
1.9 mol) were placed in a 1 liter flask. The mixture was cooled to
3° in an ice bath and ethylchloroformate (205 g, 1.9 mol) was added
slowly through an addition funnel to the stirred mixture while the
temperature was maintained at 3°-6°. After the addition was completed,

the mixture was stirred for an additional 2 hours in an ice bath and
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allowed to sit overnight at room temperature. The mixture was then
evaporated on a rotary evaporator to a solid, which was extracted
with chloroform (2-100 ml portions). The chloroform solution was
evaporated to dryness on a rotary evaporator. A methanol solution
(150 ml) of this solid was passed through a column (diameter, 4.2 cm)
containing 300 ml of cationic exchange resin (Dowex-50-%8, 100-200
mesh) in the H+ form at a flow rate of 2 ml/min. This was followed
by additional methanol (300 ml). The total methanol solution was
evaporated on a rotary evaporator to a solid, which was recrystal-
lized from boiling ether (270 ml), cooling the solution to 6°. The
solid was collected and dried under vacuum (melting point, 9k.5-
95.5° ). Two additional fractions with similar melting points were
obtained when the ether filtrates of previous fractions were evaporated
to one half volume and cooled (total yield, 33.9 g, 0.16 mol). A
small part of the first fraction (0.2 g) was recrystallized from
boiling ether (melting point, 95-95.5°). Anal. Calcd for CgHigNa0Oy:

C, 49.57; H, 8.27; N, 12.84. Found: C, 49.29; H, 8.16; N, 12.69.

’
k, (R)-N,N -dimethylpropylenediamine

Anhydrous ether (50 ml) and lithium aluminum hydride (19 g,
0.5 mol) were placed in a dry 1 liter flask. A solution of anhydrous
ether (550 ml) and (R)-diethyl-proplenebis (carbamate) (18.5 g,
0.085 mol) was added to the stirred solution through an addition
funnel during a 45 min period. The resulting mixture was refluxed
for 5 hr. The boiling mixture was then cooled in a water-ice bath

to 10°, and sufficient water (37 g, 2.05 mol) was added dropwise
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very cautiously with vigorous magnetic stirring to just quench the
reaction (about 1.5 hr.). The ether and solid portions were sepa-
rated by filtration and the solid portion was extracted with ether
(400 ml). All of the ether fractions were combined and evaporated on
a rotary evaporator at 20° to about 15 ml. This liquid was then
distilled, collecting 3 fractions in the boiling range of 125.5-
129° (Yvield, 4.91 g, C.048 mol).

The amine was converted to the dihydrochloride with the addition
of 0.5 ml of HCl (12.LN) to an ethanol solution (5 ml) of 0.2 g of
the higher boiling fraction. The solution was evaporated to an oil,
which erystallized with the addition of ether (10 ml). The crystals
were ground and washed in ether and dried under vacuum (yield, 0.3 g).
Anal. Caled. for CsHypsNp'2HCL: C, 34.30; H, 9.22; N, 16.00. Found:
C, 34.31; H, 9.22; N, 15.96. The optical rotation of the free amine
was determined in a benzene solution ([OJD = -48.5°, amine concentra-
tion, ~0.07 g/10 ml). The amine concentration in this benzene sol-
ution was determined by extracting the amine into water and titrating

this solution with 0.1N HC1l potentiometrically.
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C. Preparation of Complexes

The spectral properties of all complexes prepared here are

listed in the discussion (VB).

’
1. trans-Dinitrobis(N,N -dimethylethylenediamine )cobalt(III) Per-
chlorate, trans- [Co(sdmen)z(N0z)z] C104

A cold solution of CoClz+6 Hz0 (23.8 g, 0.1 mol, in 50 ml of
Hz0) was added to a cold solution of N,N -dimethylethylenediamine
(17.6 g, 0.2 mol, in 8.1 ml of 12.4 N HC1l), and NaNOs (15.9 g,
0.23 mol) was added quickly. The resulting solution was aerated in
an ice bath for 30 min, followed by 5 hr at ambient temperature
This solution was evaporated slowly under an air stream at 25° to a
paste and dried under the vacuum. The residue was ground in methanol
(200 ml) and filtered, discarding the light green solid. The fil-
trate was evaporated to 75 ml, filtered again, and evaporated to dry-
ness at room temperature. The residue was dissolved in 100 ml of Hp0
and a NaCl0, solution (12.2 g, 0.1 mol, in 20 ml of Hx0) was added
dropwise with stirring. The desired precipitate was collected, wash-
ed with ethanol and ether, and dried under vacuum (31.8 g, 0.075 mol).
Recrystallization of 1 g of this solid from 50 ml of 50% ethanol at
55° gave well developed orange crystals, although there was no change
in the uv-visible absorption spectra. Anal. Calcd for [COCBH24N4OJ
Cl04: C, 22.50; H, 5.67; N, 19.67. Found: C, 22.61; H, 5.52; N,

19.85.
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2. Resolution of trans- @o(sdmen)z(NOE)é]ClO4

An aqueous solution of trans~[Cc(sdmen)g(Nog)gJCl, obtained

from trans-[Co(sdmen)z(N02)]C104 (7.34 g, 0.17 mol), was vigorously
stirred with AgBCS (7.0 g, 0.17 mol). The mixture was filtered to
remove AgCl, and the filtrate was evaporated to an oil on a rotary
evaporator. 100 ml of ethanol was added and the solution was re-
evaporated. The residue was dissolved in 95% ethanol (200 ml) at 50°.
The volume was quickly reduced to 90 ml at 35° on a rotary evaporator
The solution was allowed to cool for 5 hr at room temperature and 2
days at 6°. The solid which formed was collected, washed with ethanol
and ether, and dried under vacuum (3.0 g, 4.7 mmol, [Ol] s00-24k°® for
0.1% solution). Additional solid of similar activity was obtained

by cooling the filtrate to -20° for several days (1.3 g). The first
fraction was dissolved in 95% ethanol (160 ml at 40°), rapidly evapo-
rated to one half volume, and cooled for 5 hrs at room temperature

and then for several days at -20°. The well developed orange crystals
were collected, washed with ethanol and ether, and dried under vacuum
(1.7 &, [01]500—31.\0" for a 0.1% solution). Additional recrystal-
lizations gave only slight improvement in the optical purity of

(-)5oo-trans-[po(sdmen)g(NOQ)gJ BCS. TFurther recrystallizations gave

no improvement ([a]500-550° for 0.1% solution).

3. (-)p-trans- [co(samen)z(mo0z)4] c10,

(—)Soo-trans—[Co(sdmen)g(Nog)é]BCS (3.3 g, 0.47 mol), was dis-
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solved in about 500 ml of 95% ethanol. A solution of LiClo, (2.2 g
in 20 ml of ethanol) was added dropwise with stirring. The resulting
solid was collected, washed with ethanol and ether, and dried under
vacuum (2.2 g, [q]soo -680° for 0.05% solution.) Anal. Caled for
[boCsH24N4og Clo4: C, 22.50; H, 5.67; N, 19.70. TFound: C, 22.h2;
H, 5.63; N, 19.86.

’
b, (+)D-trans—Dichlorobis(N,N -dimethylethylenediamine )cobalt (I1I)
Chloride Hydrochloride Dihydrate, (+)D-trans-[po(sdmen)zcl%

Cl-HC1l:-2 Hx0

An aqueous solution of (-)D—EIEEE—I?O(Sdmen)g(“oa)% ClOy (0,75 g,

1.15 mmol) was mixed with tetraphenylarsonium chloride (0.6 g, 1.k
mmol) removing most of the Cl0; as a precipitate. The solution was
evaporated on a rotary evaporator to a solid. This was dissolved in
HCL (17 ml of 12.4 M) and heated on a steam bath for 1 hr at 65-70°.
Upon cooling at room temperature, large dark green crystals formed.
They were collected, washed with cold 6N HC1l, ethanol and ether, and
dried under vacuum ([OJD + 890° for 0.075% solution). Anal. Calcd
for [CoCaHzalizCla] CL.HOL-2 Ha0: €, 23.295 H, 7.05; C1, 34.26;

N, 13.60. Found: C, 22.97; H, 7.28; Cl, 33.95; N, 13.76. Inactive
jzggg-[po(sdmen)gcl% C1'HC1-2 Hp0 was prepared in a manner similar

to the active form.

5. Conversion of (+)D-trans-[Co(sdmen)gclz_‘]+ to (-)D-trans—[Co
(sdmen)z(N02)2] T

A solution (25 ml) of (+)D-trans-[Co(sdmen)gclg C1'HC1-2 Hg0
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(0.1%, 0.06 mmol) and NaNOp (1.25 g, 20 mmol) in 0.0l N HClO; was
prepared, and the change in rotation at 500 nm was followed while
the solution was maintained at room temperature. After 2 days, the
rotation ceased to change and the absorption spectrum in the 400 nm-

600 nm region was indistinguishable from that for a similar solution

of (—)D-trans—[Co(sdmen)g(Nog)% C10,. The rotation in a 0.5 cm cell

had changed from +0.21° to -0.29° during that time.

6. trans-Dinitroethylenediamine(N,N -dimethylethylenediamine)
cobalt(II1) Perchlorate, trans-[Co(en)(sdmen)(N0z)g| C10,

Method I. A suspension of Co(WHs)(en)(NOz)s , prepared by the
method of Bailorzs, (7.5 g, 0.27 mol) in aqueous N,N -dimethylethylene-
diamine (2.3 g, 0.26 mol, in 235 ml of Hp0), was heated on a steam
bath for 40-45 min with occasional agitation. The resulting solution
was evaporated to a past under a stream of air. This was mixed tho-
roughly with water (300 ml) and filtered. The filtrate was added at
a rate of 1.5 ml/min to a column (diameter, 5 cm) containing one
liter of strong-acid cation-exchange resin (Dowex-50-X8, 100-200 mesh)
in the NH4+ form. Water was added at the same rate until the liquid
above the column was no longer colored. The orange layer at the top
of the resin was then eluted with NaClo, (0.075 M) over a period of
2 weeks at a rate of 0.5 ml/min. During this time the orange layer
separated into six bands. The slowest three were very minor as com-
pared to the other three. The slowest band remained at the origin,
presumably composed of +2 and +3 cations. The next slowest band gave

: +
electronic and pmr spectra consistent with ClS—[CO eng(NOZ)J , and
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the band in front of it had an electronic spectrum consistent with
Eﬁ—[Co(en)(sdmen)(NOQ)2]+ although it decomposed before further
analysis could be performed. The fastest of the three major bands,

I which was 1.8 cm wide, had moved to the bottom of the column (48

cm from the top). The next band, II, which was 6 cm wide, was not
completely separated from I, but they were distinguishable because of
their difference in color. Band I was brownish orange, and II was
brownish yellow. The slowest of the major bands, III (colored yellow),
which wvas 3 cm wide, had moved 31 em from the origin. I, II, and IIT
were removed from the column by means of a suction hose. II was re-
moved in two portions: the 2 cm nearest to I, (labeled ITA), and

the rest, (IIB). The colored material was removed from the resin of
each band by elutions on small columns with NaClOs (0.5 N) at a rate
of 4 ml/min and the eluted solutions evaporated to solids in a rotary
evaporator. Each solid was re-evaporated twice with added ethanol
(400 ml). The dry solids were then extracted several times with etha-
nol to insure complete removal of NaClO,. I, ITA, IIB, and III
yielded 0.7 g, 1.85 g, b.l g, and 0.9 g of solid, respectively. A

thin-layer chromatography analysis of the bromide salts of I, IIA,

—

IB, and III along with their electronic absorption spectra showed

IE to contain the pure desired trans-[Co(en)(sdmen)(NOz)gJ *+ product.

-

IA contained a mixture of this (86%) and trans-[Cc(sdmen)g(NOZ)gj €10,

-

as did I (6%). 1II was essentially trans—[Co(en)g(Nog)ZJ C104. Re-

crystallization of IIB from 330 ml of 50% ethanol at 55° gave large
golden-brown crystals of the desired products. Anal. Calcd for

{—_Cocengomog] €10,: C, 18.07; H, 5.07; N, 21.07. Found: C, 18.0k;
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H, 4.98; N, 21.20.

Method II. CoClz'6 Hz0 (2.38 g), ethylenediamine (0.6 g of
98%), N,N’-dimethylethylenediamine (0.88 g), NaNOp (1.62 g) and HC1
(0.82 ml of 12.4 N) were reacted in similar manner to the preparation
of jgggg-[bo(sdmen)g(Nog)é]ClO4. The product was treated on an ion-
exchange column as in method I. The solid isolated from bands I,
IIA and 1IB weighed 0.15 g, 0.32 g and 1.28 g, respectively, and had

compositions similar to the products obtained in Method I

T. Resolution of trans-[Co(en)(sdmen)(NOz)Q CLOy

A solution of gxggg-[Co(en)(sdmen)(NOQ)Q Cl, obtained from the
€10, salt (9.1 g, 25 mmol) (see Preparation ) was mixed vigorously
with AgBCS (9.15 g, 22 mmol) and filtered to remove AgCl residue
The filtrate was evaporated to an oil and re-evaporated after 50 ml
of ethanol was added. The residue was dissolved in hot ethanol (140
ml) and cooled to -20° until significant amounts of gelatinous residue
formed. The mixture was then warmed with agitation to 55° until all
but a small amount of the residue had dissolved. Upon cooling for
3 hours at room temperature with occasional agitation to prevent
formation of gelatinous solid, large amounts of a yellow flocculent
solid formed throughout the solution. The solid was collected, washed
with ethanol and ether, and dried under vacuum (5.0 g, 6.5 mmol,
[Oﬂsoo -170° for a 0.1% solution). An additional fraction of similar
activity was obtained upon cooling the filtrate to 6° (0.9 g). The
first fraction was recrystallized from ethanol (250 ml) at 45° to

give improved optical purity (2.2 g, [Ogsoo -210° for 0.1% solution)
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Additional recrystallization gave no further improvement in the op-

tical purity of (—)sog-trans-[Co(en)(sdmen)(NOz)g_] BCS.

8. (-)D-trans-[CO(en)(Sdmen)(NOa)eJ €104

An ethanol solution of LiCl0, (1 g) was added dropwise to a

stirred solution of (—)Soo—trans-[CO(en)(sdmen)(NOZ)EJ BCS (2.2 g,

2.9 mmol) in about 170 ml of 95% ethanol. The desired precipitate

was collected, washed with ethanol and ether, and dried under vacuum
(1.15 g, [ so0 -500° for a 0.5% solution). Anal. Caled for
[COCGH20N404] C104: C, 18.07; H, 5.07; W, 21.07. TFound: C, 18.09;

H, 5.00; N, 21.15.

9. TInactive ’crans-Dichloroethylenediamine(N,N/-dimethylethylenediamine)

cobalt(111) Perchlorate Hemihydrate, trans-[Co(en)(sdmen)Clg
C104°0.5 Hz0

A solution of _tlaﬁ-[CO(en)(sdmen)(NOE)g] €10, (2 g, 5 mmol) in
HCL (50 ml of 12.4 N) was heated on a steam bath for 30 min at TO-
T75°. The solution was evaporated to a residue on a rotary evaporator.
The residue was recrystallized by dissolution in 60° HCLl (25 ml of
12.4 N) and cooling to 6°. The resulting green needle-like crystals
were collected, washed with cold 6N HC10,, ethanol and ether, and
dried under vacuum. Anal. Calcd for [CoCstoN,,,Clg] Cl04+0.5 Hz0:
c, 18.66; H, 5.49; €1, 28.17; N, 14.84. Found: C, 18.88; H, 5.58;

Cl, 27.78; N, 14.85.
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10. (+)D-trans-Dichloroethylenediamine(N,N/-dimethylethylenediamine)
cobalt(III) Perchlorate, (+ )D-trans- [Colen)(sdmen )Clz] C10,

A solution of (—)D—w—[Co(en)(sdmen)(NOE)g_] C10, (0.45 g,
1.1 mmol) in HCLl (10 ml of 12.4 N) was heated for 1.5 hr at 70°. The
resulting green solution was evaporated on a rotary evaporator to a
residue. This was dissolved in 60° HC1 (10 ml of 0.6 N), LiClO,
(0.15 g, 7 mmol) was added with stirring, and the solution was cooled
to 6° overnight. The green crystals were collected, washed with
ethanol and ether, and dried under vacuum. (0.2 g, [Ot]D +350° for
0.075% solution). Anal. Caled for [CoCeHaoNsClg] Cl04: €, 19.09;
H, 5.34; C1, 28.17; N, 14,84, TFound: C, 19.00; H, 5.30; Cl, 28.03;

N, 15.05.

11. Conversion of (+)D-trans-[Co(en)(sdmen)012]+ to (-)D—trans-

Co(en) (sdmen ) (NOz)al

A solution (25 ml) of (+)D-trans-[Co(en)(sdmen)(NOe)]ClO4 (0.1%,

0.06 mmol) and NaNOp (1.25 g, 20 mmol) in 0.0l N HClO, was prepared,
and the change in rotation at 500 nm was followed. After 2 days the
rotation remained constant, and the absorption spectrum in the 40O nm-
600 nm region was indistinguishable from that of a similar solution
of (-)D-w-[:Co(en)(samen)g(Nog)E] Cl0,. The rotation in a 0.5 dm
cell had changed from +0.19° to -0.19° during that time.

12. trans-Dinitrobis ((R)-N,N/-dimethylpropylenediamine)cobalt(III)
Perchlorate, trans- [Co(R-sdmpn)z(NOz)z]C104
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This complex was prepared using the method described for trans-
[Co(sdmen)g(NOE)é]+ in section 1. The amounts of reactants used were:
CoClpy 6 HeO (2.14 g, 9 mmol), amine, (1.88 g of 9k.9%, 17.5 mmol),
NaNOp (1.48 g, 21.4 mmol) and HCL (0.72 ml of 12 N). The reaction
mixture was slowly evaporated to a paste which was chromatographed
in a manner analogous to that described in section 6. After nine
days of elution with NaCl0; (0.075 M) at a rate of 1 ml/min, the
brownish orange starting band had been eluted 48 cm from the origin
and was about 17 cm wide. There were also some very minor bands near
the origin (presumably, +2 and +3 cationic complexes). The major
band was removed in three fractions with a suction hose: the 2.5 cm
furthest from the origin, I, the next 7.5 cm, II, and finally, the
slowest, 7.5 cm, III. The compounds were removed from the resin by
elution with NaCl (about 600 ml of 1 M) at a rate of 5 ml/min. The
solutions were evaporated on a rotary evaporator to solids, which
were dried by evaporating twice from added ethanol (200 ml). The
colored material was extracted from the solids from I, II, and III
with ethanol (100 ml, 150 ml and 200 ml, respectively) leaving solid
NaCl. The extracts were evaporated to solid on a rotary evaporator.
The solids from I and II were re-extracted with ethanol (35 ml and
45 ml, respectively) and the extracts evaporated to dryness. The
crude products from bands I, II, and IIT weighed 0.45 g, 1.2 g and
1.25 g, respectively. Band II was a mixture of both isomers of trans-
[Co(R-sdmpn)g(NOEH Cl, according to the interpretation of the pmr

spectra. Band I and III contained, respectively, the fast and the
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slow isomers of t_rcm_s-[Co(R-sdmpn)g(Noz)zj Cl. Band II was principally
the slow isomer.

In order to obtain the analytically pure slow isomer of trans-
[Co(R-sdmpn)g(NOg),g:] €104, a portion of the residue from band ITI
(0.8 g) was suspended in ethanol (50 ml). To the solution was added
LiCl0, (0.5 g), the mixture was agitated periodically for 30 min and
the resulting solid collected (0.35 g). It was recrystallized from
ethanol (55 ml of 90%) by dissolution at 48° followed by cooling to
-20°, which caused the orange solid to crystallize. The solid was
collected, washed with ether and dried under vacuum (0.1l g). Anal.
Calcd for [00(010}1221\1504)]@04: c, 26.41; H, 6.22; N, 18.46. Found:
C, 26.67; H, 6.34; N, 18.45.

Band I was rechromatographed on a small column (diameter, 3.5),
eluting the band 37 cm from the origin. Three fractions were taken.
The pmr of the three fractions were essentially the same, suggesting
that the solid from band 1 was pure fast isomer. Because of the per-

chlorate salt for an elemental analysis.

’
13. trans-Dichlorobis ((R)N,N -dimethylpropylenediamine)cobalt(III)
Perchlorate, trans- [Co(R-sdmpn)zClz] C104

Slow isomer: trans-[Co(R-sdmpn)g(Nog)E:l Cl (slow isomer, 0.3 g),

obtained directly from isolation of the complex from the column, was
heated with HCL (10 ml of 12.4 N) at 69-70° for 1 hr. The green solu-
tion was evaporated on a rotary evaporator to a residue. The residue
was dissolved in HC1 (15 ml of 1 N), and powdered LiCl0, (0.2 g) was

added to the green solution at 65° with stirring. (Crystallization
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began immediately). The mixture was cooled to room temperature, and
after 3 hr, the green solid was collected. It was washed with ethanol
and ether and dried under vacuum (0.1 g). Anal. Calcd for
[00(0101{25114012)]0104: ¢, 27.70; H, 6.51; N, 12.92. Found: C, 27.89;
H, 6.56; N, 12.95.

Fast isomer: This was prepared in a manner analogous to that
for the slow isomer from the chloride salt obtained from the column
separation (it was shown by pmr analysis to contain an impurity of
the slow isomer of 5-10%). Anal. Caled for [CO(C10H25N4C12)] Cl04:
¢, 27.70; H, 6.51; N, 12.92. Found: C, 27.12; H, 6.37; N, 12.88.

14. trans-Dinitroethylenediamine ((R)-N,N’-dimethylpropylenediamine)-
cobalt (I11) Perchlorate, trans- [Co(en)(R-sdmpn)(NOz)JC10,

This complex was prepared and isolated in a manner analogous to

that described for trans-[Co(en)(sdmen)(NOz);]+ in section 6, method

I. The moles used of [bo(en)(NHg)(Nog)Q (7.4 g, 27 mmol) and diamine
(2.60 g, 26 mmol) were the same. The reaction mixture was eluted

from a similar sized column with NaClOy (0.075 M) over a period of 2
weeks at a rate of 0.6 ml/min. The band structure that resulted was
very similar to that found in section 6, and three major fast bands
were similar in color to those found in that section. However, in

this preparation, the fastest moving brownish-orange band (37 cm from
the origin, presumably ££§E§—[CD(R-Sdmpn)g(N02)2]+) was more completely
separated from the next brownish-yellow band (32.5 cm from the origin),

+
which contained the desired ’crans—[Co(en)(R-sdmpn)(NOg)g] . The mid-

dle band (of the three fast moving bands) was removed in two parts
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(1.25 cm furthest from the origin, IIA and the remaining 2.5 cm,
IIB), and the complex was isolated as the perchlorate salt as indi-
cated in section 6. ITA and IIB yielded 0.9 g and 2.65 g of solid,
respectively. Pmr and thin-layer chromatographic analyses indicated
that the material in IIA was essentially the desired trans-
[Co(en)(R-sdmpn)(NOz)gj Cl04 while IIB contained a small impurity of
M-[Co(en)g(NOZ)ZJ €104 in addition (about 5%). Portions of the
solids were combined (0.55 g of IIA and 1.65 g of 1IB) and twice re-
erystallized from ethanol (53 and 88 ml of 70%) by dissolution at 60°
and crystallization upon cooling to 6°. After two recrystallizations,
the solid (0.9 g, 2.2 mmol) showed no indication of trans-
[Co(en)g(N02)2]+ impurity. Anal. Caled for [Co(O7H221\1604)](1104:

¢, 20.%7; H, 5.373 N, 20.36. Found: C, 20.05; H, 5.34; N, 20.39.

15. trans-Dichloroethylenediamine ((R)—N,N’-dimethylpropylenediamine)-
cobalt (IIT) Perchlorate, trans-[Co(en)(R-sdmpn)Clg] C10y

This was prepared by a method analogous to that described in
section 10 for (+)D-w-[Co(en)(sdmen)ClQ Cl04. Anal. Caled for
[00(071122N4c12)] C104: C, 2L.L47; H, 5.66; N, 14.31; €1, 27.16. Found:
C, 21.79; H, 5.59; N, 14.16; Cl, 27.2k.

’
16. trans-Dinitro ((R)-propylenediamine)((R)-N,N -dimethylpropylene-
diamine Jcobalt(I1I) Perchlorate, trans-[Co(R-pn)(R-sdmpn)(NOz) C104

This complex was prepared and chromatographed by the method for

the preparation of trans—[Co(en)(sﬁ.men)(NOz)gl] * (section 6, method TI).

CoCla'6 Hz0 (5.5 g, 25 mmol), (R)-propylenediamine (1L.73 g, 25 mmol),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30
(R)-N,N -dimethylpropylenediamine (2.37 g, 23 mmol), NaNOz (3.53 g,
50 mmol) and HCl (1.9 ml of 12.3 N) were reacted, and the reaction
residue was put on two columns (diameter, 5 cm). After thirteen days
of elution with NaCl0s (0.075 M) at a rate of 0.8 ml/min, the fastest
band had moved 49 cm from the origin. The band structure was com-
parable to the three major bands found in section 6 except that there
was not a distinct color separation between what was in section 6 the
two slower bands. In subsequent discussions, this region is desig-
nated in total as band II. The fastest band, designated I, which
was brownish orange, was about 2 cm thick and was distinguished from
band II, which was 15 cm thick, by the difference in color: band II
ranged in color from brownish-yellow at the interface with band I to
yellow at the top. The only other bands were minor bands at 5 and
10 cm from the origin (presumably cis dinitrobis(diamine) complexes)
and a red band at the origin. Band I was removed in one part, and
band II was removed in six parts from the column (designated IIA-IIF
with ITA the fastest fraction). Each fraction was 2.5 cm thick. The
product was eluted from each fraction with NaCl as described in sec-
tion 12 for M-[Co(R—sdmpn )2 (Noz)zj +. The final residues of the
chloride salts of the complex resulted from the evaporation of 100 ml
ethanol extracts. The residues from I and ITA-TIF weighed 0.55 g and
1.5 g, 1.2 g, 1.05 g, 0.7 g, 0.45 g and 0.25 g, respectively. On the
basis of pmr analysis of the N-methyl peaks, band I contained trans-
[Co(R—sdmpn)g(NOE)é] * (about 30%, both isomers) and ‘trans-
[(_Jo(lit-pn)(R—sdmpn)(1\102)%]Jr (fast isomer). Band IIA was exclusively

trans- [Co(R-pn)(R-sdmpn)(NOz)é * (fast isomer). Band IIB appeared
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to be fast isomer with a small impurity of the slow isomer. Band IIC
appeared to be a mixture of the fast and slow isomers and bands IID-
IIF contained predominantly the slow isomer. However, tlc analysis

showed a small impurity of trans-[Co(R-pn)g(N02)2]+ in band IIF.

In order to obtain the pure perchlorate salt of trans-
[Co(R—pn)(R—sdmpn)(NOZ)Z]+ (fast isomer), solid from band IIA (1.45 g)
was dissolved in ethanol (25 ml), and a LiCl0, solution (0.5 g in
6 ml of ethanol) was added dropwise with stirring to the solution
The resulting yellow solid was filtered, washed with ethanol (5 ml)
and dried (1.23 g). Part of this solid (0.8 g) was recrystallized
once from ethanol (53 ml of 96%) by dissolution at U3° and cooling to
6°. The small yellow crystals were collected; washed with ethanol
and ether; and dried under vacuum. Anal. Calcd for [bo(CSH24N504j
Clos: C, 22.50; H, 5.67; N, 19.67. Found: C, 22.40; H, 5.67;

N, 19.67. Tound: C, 22.40; H, 5.51; N, 19.4T.

The slower isomer was obtained by chromatographing 1.6 g of bands
IID and IIE on a column (diameter, 4 cm) in a manner similar to the
first separation. The resulting band was eluted to 45 cm from the
origin where it was 15 cm wide. The slower 1l cm of the band was
removed, and the solid was obtained as above. It contained 0.7h g
of extracted solid while the faster 4 cm contained 0.5 g. The slow
fraction also contained a small amount of green impurity, presumably
Ezggg-[bo(R—pn)(R-sdmpn)Clé]+. This was almost completely removed
when the residue, dissolved in ethanol (15 ml), was treated with a
LiCl04 solution (0.2 g in 2 ml of ethanol). The green solid preci-

pitated first. The solution was decanted after a few minutes, and
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the yellow solid, which then crystallized, was free of green impurity.
After cooling to 6°, this solid was collected; washed with ethanol
(1 ml) and ether; and dried under vacuum (0.5 g). The fast isomer
was not detected by pmr analysis as an impurity in this fraction,

and it wac assumed to be pure trans—[CD(R-pn)(R-sdmpn)(Nog)zj €104

(slow isomer). A sample for elemental analysis was not prepared for

this solid because of the limited quantity available.

/
17. trans-Dichloro ((R)-propylenediamine)((R)-N,N -dimethyl-propylene-
diamine )cobalt(III) Perchlorate, trans-[Co(R-pn)(R-sdmpn)] Clz C10,

Fast isomer: This was prepared in a manner analogous to that of
(+)D.M—[Co(en)(R—sdmpn)Cla:] Cl0, described in section 6. Anal.
Caled for [Co(CsH24N4ClZ):lClO4: C, 25.60; H, 5.97; N, 13.82. Found:
¢, 23.60; H, 5.94; N, 13.853.

Slow isomer: This was prepared similar to the fast isomer.
Anal. Calcd for [@o(cBH24N4c1zﬂ Cl0,: C, 23.60; H, 5.97; N, 13.82;
Cl, 26.20. Found: C, 23.34; H, 5.90; N, 13.98; C1, 26.10.

/
18. trans-Dinitro ((S)-propylenediamine)((R)-N,N -dimethylpropylene-
diamine)cobalt(I11) Chloride, trans- @o(S—pn)(R-sdmpn)(NOg)pJ cl

CoClz 6 Hz0 (8.32 g, 35 mmol), (S)-propylenediamine (2.59 g,
35 mmol), NaNOz (5.31 g, 77 mmol) and HCL (2.85 ml of 12.3 N) were
reacted following the method of preparation for trans- [Co(en)(sdmen)
(N02)2] €104, and the reaction mixture was chromatographed on a column
(diameter, 6.75 cm) as described in section 6. After thirteen days

of elution at a rate of 1.2 ml/min, three major bands with colors
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similar to those found in section 6 were formed (also, a band at the
origin and three slow minor bands, presumably three 315—[b0(daimine)
(Nog)éa+ complexes, were found). The leading edge of the three major
bands was 41.5 cm from the origin and their total thickness was 21 cm.
The two faster bands were considerably overlapped. Superimposed on
the slow band and the trailing edge of the middle band was an ad-
ditional band. Because of the considerable overlapping of the major
bands, this part of the column was taken in five fractions (designa-
ted I-V, starting at the front). The complexes were isolated from
these fractions as the chloride salts following the method outlined
in section 16. The solids isolated from bands I-V weighed 1.95 g,

2.0 g, 1.35 g, 2.05 g and 1.0 g, respectively. Band I (3.5 cm thick),
which was about 70% of the fastest brownish orange band, contained
exclusively ££§g§-[Co(R-sdmpn)2(Noz)é]+ (both isomers). Band IT

(4.5 cm thick) contained the rest of the brownish orange band and
about 50% of the next band (brownish yellow), and it consisted of
Egggg-[Co(R—sdmpn)g(NOZ)é]+ (slow isomer) and the fast isomer of
t_raﬁ-[co(s-pn)(R~sdmpn)(N02)2] (about 60%). Band III (k.2 cm),

which was almost all of the remaining brownish yellow band, contained

principally the slow isomer of trans-[bo(s-pn)(R-sdmpn)(NOa)é]+ as
well as some EEEEE-[CO(R—Sdmpn)z(NOz)% (slow isomer, 20%). Band IV
(3.7 cm) consisted of the band that had not been found in the prepara-~
tions of the other dinitro complex of two diamines (in sections 6, 12

and 16). This band contained much trans-[Co(S—pn )2(N02)2]+ (accord-

ing to tlc analysis) as well as some other compounds giving faster

tle spots. Pmr analysis of this band was not too informative. Band V
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(3.7 cm) was essentially trans—[Co(S-pn)z(NOg)g *,

Band IV was rechromatographed on a column. After two weeks of
elution, significant sized slow and fast bands developed as were
found in the initial separation, suggesting that the initial band had
decomposed to a large extent upon work-up as the chloride salt.

Bands II and III were rechromatographed in order to obtain pure
fast and slow isomers, re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>