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A Double-bridged Binuclear Chromium(III) Complex with
1,6-Bis(2'-pyridyl)-2,5-diazahexane. Preparation, Resolution

and Stereochemistry of the Di-x-hydroxobis[{1,6-bis-
(2'-pyridyl)-2,5-diazahexane|chromium(III)] Ion

KIRSTEN MICHELSEN

Chemistry Department I (Inorganic Chemistry), University of Copenhagen, H. C. @rsted Institute,
Universitetsparken 5, DK-21000, Copenhagen &, Denmark

A new binuclear chromium(III) complex of
the double-bridged type [(C,,H,:N,)Cr(OH),-
Cr(C,H,N,)]*+, where the tetramine ligand
C, H,;N,=1,6-bis(2’-pyridyl)-2,5-diazahexane
(IV,N’-bis-{2-methylpyridyl}-1,2-ethanediamine,
abbrev. bispicen), has been prepared and
resolved into its catoptric forms. As this di-u-
hydroxo complex reacts with hydrochloric acid
to  a-c18-[Cr(C, H,;;N,)Cl,]t, this type of
compounds was included in the study. Both
the symmetrical «-cis and the unsymmetrical
B-cis-dichloro complex were prepared for the
first time and compared with the earlier
described cobalt(III) complexes of the same
types. The stereochemistry of the complexes
was deduced from electronic spectra, CD-
spectra, TH NMR spectra and X-ray powder
photographs.

Binuclear chromium(III) complexes with two
hydroxo groups as bridging ligands, the so-
called diols, have recently attracted much
attention because of their kinetic.!»® spec-
troscopic,®>® structural and magnetic prop-
erties.™1°

In a previous work by the present author,!
the synthesis, resolution and properties of the
binuclear ion

[(C¢HN,),Cr(OH),Cr(C4H N,),]*+,

where the bidentate ligand CgH N,= 2-amino-
methylpyridine, were reported. This work
concerns di-y-hydroxo- and cés-dichloro com-
plexes of chromium(ITI) with the related
tetradentate  ligand  C, H N =1,6-bis(2’-
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pyridyl)-2,5-diazahexane  (N,N’-bis{2-methyl-
pyridyl}-1,2-ethanediamine, abbrev. bispicen),
Fig. 1. .

Gibson and McKenzie 12 prepared both the
symmetrical «-cis and the unsymmetrical -
cis-dichloro complexes of cobalt(III) and
bispicen and based the structural assignment
of the isomers on PMR-spectra. As X-ray
powder photographs showed isomorphism
between these compounds and the new cis-
dichloro complexes of chromium(III), an as-
signment of the configuration of the latter was
possible.

EXPERIMENTAL
Reagents. Pyridine-2-carboxaldehyde was
purchagsed from Merck-Schuchardt. trans-

[CrpyCL]I and trans-[Copy,Cl,]JCl.6H,0 were
prepared by methods developed by Glerup and
Schaffer 1* and Werner and Feenstra,!* respec-
tively. All other chemicals were of chemical
grade and were wused without further
purification.

Analyses. The chromium and cobalt analyses
were performed on a Perkin Elmer 403 Atomic
Absorption Spectrophotometer. The micro-
analytical laboratory of this institute carried
out the carbon, nitrogen, hydrogen and halogen
analyses by standard methods.

)
Cl"‘z—N‘l"Cl“lz-CHZ"NH—CHZ’(Nj

Fig. 1. 1,6-Bis(2'-pyridyl)-2,5-diazahexane,

CiH,6No.
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Physical measurements. Absorption spectra
were recorded on a Cary Model 14 spectro-
photometer. The spectra are characterized by
their maxima and minima (g4), where the
molar extinction coefficient ¢ is in units of
1 mol™ em™ and 4 is in nm. Circular dichroism
was measured on a Roussel-Jouan Dicrographe
I. The maxima are given below as (4de,A)=
[(&1— &),A]. Optical rotation was measured on
a Perkin Elmer Model 141 polarimeter. In all
cases the solvent was 0.1 M hydrochloric acid.
The X-ray powder photographs were obtained
on a camera of the Guinier type with CuKu
radiation. Silicium was used as standard.
TH NMR spectra were obtained on a Varian
Model A-60 spectrometer using (CD;),SO as
solvent and tetramethylsilane as standard.

Preparations

1. 1,6-Bis(2’-pyridyl)-2,5-diazahexane  (ab-
brev. bispicen), C,H,N,. The ligand was
prepared from  pyridine-2-carboxaldehyde
(79 g~0.74 mol) and 1,2-ethanediamine (15 g,
0.25 mol) following mainly the method de-
scribed by Goodwin and Lions,' but with the
modification that the crude amine was purified
before the final distillation. The purification
(via the hydrochloride) was performed as
follows: The crude amine was dissolved in the
fivefold amount of ethanol (99 9,); the solution
was cooled on ice, and the hydrochloride was
precipitated by the addition of conc. hydro-
chloric acid. Filtering and washing with
ethanol. 41 g. The compound was recrystallized
by dissolving in 4 M hydrochloric acid (100 ml)
and adding of ethanol (600 ml, 99 9,). Yield:
31 g (29 %). Anal. C,,H,,N,.4HC].2H,O: C, N,
H, Cl. From the pure hy(irochloride the amine
was liberated with base and isolated and
distiled as described before.!® Yield: ~10 g
(16—17 9%).

2a. a-ci8-Dichloro{1,6-bis(2’-pyridyl)-2,5-
diazahexane}cobalt(III) chloride, a-Cts-
[Co(C,H,N,)CL,]Cl. 1.33 H,0. 4.00 g trans-
[Copy.Cl,]CL.6H,0 (6.78 mmol) was dissolved
in pyridine (80 ml). Heating and stirring.
2.0 ml of bispicen (>7 mmol) were added
dropwise, and a violet precipitate soon ap-
peared. Cooling, filtering and washing with
pyridine and acetone. The crude product was
dissolved in the necessary amount of hot
(80°C) 4 M hydrochloric acid (10—12 ml).
After filtering and cooling of the filtrate on
ice, ethanol (500 ml, 99 9%) and ether (10 ml)
were added to precipitate 2.01 g of blue-
violet crystals (69 9%). The crystals were
recrystallized again with a loss of 10 9.
Anal. [Co(C,H,N,)C],]Cl. 1.33 H,0: Co, C,
N, H, Cl. The content of crystal-water was
confirmed by thermogravimetry. (&,4)pax: (128,
541.5), (131, 392.5). (&,A)min: (19, 454), (129,
382). Half-width &: 3789 cm—! (1. band).

2b. The perchlorate, a-cis-[Co(C,H,,N,)Cl,]-
ClO,, was prepared from the chloride (0.60 g
1.39 mmol) by dissolving in 0.1 M hydrochloric
acid (6 ml) and adding 2 ml of a 1 M solution
of sodium perchlorate. Cooling on ice and
filtering. Washing with icewater. Yield: 0.57 g
(86 %). Anal. [Co(C,H,N,)C],]JClO0,: Co, C,
N, H, CL (eA)pay: (128, 541.5), (132, 392).
(&,A)min: (19, 454), (130, 382).

3.  B-cis-Dinitro{l,6-bis(2'-pyridyl)-2,5-diaza-
hexane}cobalt(III) nitrate, f-cis-[Co(C,,H, N,)-
(NO,),]NO;.H,0. The principle in the method,
aerial oxidation of Co(II) in the presence of
amine and sodium nitrite, was taken from
Holtzclaw et al.,'® and was earlier used by the
author in the preparation of a similar com-
pound.!” 4.24 g bispic.4HClL.2H,0 (10 mmol)
was dissolved in 15 ml 2 M sodium hydroxide
(30 mmol). Cobalt nitrate, hexahydrate (2.91 g,
10 mmol) and sodium nitrite (1.40 g, 20 mmol)
were added, and the solution was oxidized,
air being drawn through it for 3 h. Cooling on
ice, filtering and washing with ice-water. The
yellow compound was recrystallized from boiling
water. Washing as above. Yield: 1.3 g (28 9%,).
Anal. [Co(C,,H,,N,)(NO,),]NO;H,0: Co, C, N,
H. (6M)pay: (334, 446). (&,A)min: (196, 405).

The mother liquor and all the filtrates from
washings and recrystallizations were kept
and wused for the preparation of g-cis-
[Co(CuHstc)C_la]NOa (4a). X . .

4a. B-cis-Dichloro{l,6-bis(2’-pyridyl)-2,5-di-
azahexane}cobalt(III) nitrate, -cis-[Co(Cy H,,-
N,)CLINO,.34H,0. Solid lithium chloride (~ 10 g)
was added to the mixed filtrates from the
preparation of 3. After 3 days a brick-red
precipitate, presumably [Co(C, H,;N,)CI(NO,)]Cl
was filtered. Washing with ethanol. Yield: 2.2
g. A slurry of this compound and cone. hyd-
rochloric acid (15 ml) was evaporated to nearly
dryness on a boiling water-bath. Cooling on
ice and washing on a filter with acetone.
The new crude product was dissolved in 1 M
hydrochloric acid (15 ml, 35°C, a few ml of conc.
nitric acid was added, and a red compound
precipitated. Yield: 1.90 g (43 9%, based on Co-
(NO,),.6H;0). Anal. [Co(C, H,,N,)CL,]NO,.$H,0:
Co, C, N, H, Cl. The content of crystal-water
was found by thermogravimetry to be 0.45.
(e:A)max: (168, 532). (£,A)min: (35, 454.5). Half-
width J: 3278 em™.

4b. The dithionate, B-cis-[Co(C,H,sN,)Cl,],-
S;0,.13H,0, was prepared from the nitrate
(0.20 g, 0.45 mmol) by dissolving in water
(26 ml) and adding a saturated solution of
sodium dithionate, dihydrate (0.20 g). Cooling
on ice. The red precipitate was filtered and
washed with ice-water and ethanol. Yield:
0.088 g (42 9%). Anal. [Co(C,HN,)Cl],-
8,04.13H,0: Co, C, N, H, Cl. The content of
crystal-water was found by thermogravimetry
to be 1.40. In other experiments the compound
crystallized with different contents of crystal-
water (for instance 2.50). (&/2, A)mayx: (158, 532).
(&/2, A)pmin: (37, 452.5).
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ba.  a-cis-Dichloro(l,6-bis(2'pyridyl)-2,5-di-

azahexane}chromium (III) chloride, o-C18-
[Cr(C,H,:N,)CL,]C1.3H,0. 1.60 g anhydrous
chromium(III) chloride (10 mmol) was

suspended in 20 ml dimethyl sulfoxide. During
heating and stirring bispicen (2.0 ml~ 10 mmol)
was added slowly causing a violet solid to
form. Cooling and filtering. The solid was
washed with ethanol and extracted with 1 M
hydrochloric acid (35 ml, 90°C). Cooling of
the filtrate on ice gave needle-shaped blue-
violet crystals, which were washed as above.
Yield: 0.97 g of a practically pure product
(21 %). By a repeated recrystallization
50 9% of the material was lost. Anal.
[Cr(C,H,(N,)CI,]CL.3H,0: Cr, C, N, H, CL
The content of crystal-water was checked by
thermogravimetry. (&A)mqx: (104, 545), (99,
407.5).  (&A)min: (25, 464), (5, 354). Half-
width &: 3334 cm™. The mother liquor
was kept and used for the isolation of
B-cis-[Cr(C,H,N,)CL,]CL

5b. The perchlorate, «-cis-[Cr(C,;H N ,)Cl,]-
Cl0,, was prepared from the chloride (0,25 g,
0.55 mmol) by dissolving in about 20 ml water
(40°C) and adding 1 M sodium perchlorate
solution (5 ml). Cooling on ice and filtering.
Washing with ice-water. Yield: 0.21 g (82 %).
Anal. [Cr(C, H,N,)CL]CIO.;: Cr, C, N, H, CL
(&:sA)maxt (105, 545), (101, 407.5). (&,A)min: (27,
464), (11, 354)."

6a. p-cis-Dichloro{l,6-bis(2’-pyridyl)-2,5-di-
azahexane}chromium (I1T) nitrate, B-cis-
[Cr(C,H;N()CI,]NO;.4H,0. The mother liquor
from the synthesis of the corresponding «-
compound (see 5a) was cooled on ice, and ether
was added to precipitate a sticky product.
This was dissolved in ethanol and reprecipitated
with ether. Finally the product was dissolved
in water (12 ml, slightly acid, 42 °C), and cone.
nitric acid was added to the filtrate pre-
cipitating a red_crystalline nitrate. Washing
with ethanol. Yield: 0.20 g (4.5 9%). Anal.
[Cr(C, H,eN,)C1;]NO,4.4H,0: Cr, C, N, H, CL
The content of crystal-water was confirmed by
thermogravimetry. (&A4)ma,: (131, 538), (100,
407). (&,A)min: (47, 464.5), (13, 354). Halfwidth,
J: 3698 cm™1.

6b. The dithionate, B-cis-[Cr(C,H,;N,)Cl,],-
8;04-2H,0, could be prepared from the nitrate
and sodium dithionate, but was also obtained by
an alternative method. 2.50 g trans-[Crpy,Cl,]I
(4.42 mmol) was suspended in 10—15 ml 2-
methoxyethanol. While heating and stirring
bispicen (1.0 ml, ~4.4 mmol) was added. After
a period of complete dissolution a dark-violet
solid (presumably a mixture of «- and g-
[Cr(C,.H,sN,)C1,]I) precipitated. Cooling on ice,
filtering and washing with ethanol. 1.15 g. The
crude product was treated with freshly prepared
gilver chloride, and finely pulverized sodium
dithionate, dihydrate (0.5 g) was added to the
filtrate (~ 10 ml). Cooling on ice, filtering and
washing with ice-water and ethanol. Yield:
0.26 g (13 %). Anal. [Cr(C,,H;:N,)ClL,],S,0,.
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2H,0: Cr, C, N, H, Cl. By thermogravimetry the
content of crystal water was found to be 1.85.
(8/2, A)max: (134, 538), (101, 407). (&/2, A)min:
(47, 464.5), (19, 355).

7. Di-u-hydroxobis[{1,8-bis(2’-pyridyl)-2,5-
diazahexane} chromium(III)]iodide, [(C,.H,N,)-
Cr(OH),Cr(C,H,(N,))1,.3H,0. 1.00 g [CrBr,-
(H;0),]Br.2H,0 (2.50 mmol) was dissolved
in 8—10 ml pX methoxyethanol, and a spatula
of zinc powder and 1.0 ml bispic (~4.4
mmol) were stirred in. A red precipitate
was filtered after 10 min. Washing with 2-
methoxyethanol. The crude product was dis-
solved in boiling water (~15 ml), and sodium
iodide (2 g) and ethanol (15 ml, 99 9%,) were
added. Cooling on ice. Filtering and washing
with ethanol. Yield: 1.36 g (92 9). The prac-
tically pure compound was recrystallized from
boiling water (15 ml) to give 0.91 g shining,
flaky crystals directly and 0.41 g further by
addition of sodium iodide (1 g) to the filtrate.
Anal. [Cr(C,H,N,)(0OH)],I,.3H,0: Cr, C, N,
H, I. (&A)max: (197, 534), (150, 385). (&4)mint
(35, 437), (84, 350).

8a. (— )p-Di-u-hydroxobis[{1,6-bis(2’-pyridyl)-
2,5-diazahexane} chromium(III)] diantimonyl
(+ )p-tartrate diiodide, (-~ )p-[(C,.H,sN,)Cr-
(OH),Cr(C, H, N )J{ ( + )p-SbOCH,O4},1,.11H,0.
[Cr(C, H,sN,)(OH)],I,. 3H,0 (1.78 g, 1.50 mmol)
wasg dissolved in 20 ml hot water (70°C). Sodium
antimonyl (+ )p-tartrate (1.88 g, 6.09 mmol)
was dissolved in 10 ml hot water (70°C).
The solutions were mixed, gently heated for
a moment and then cooled on ice for an hour.
By then shining, red crystals had deposited.
Filtering and washing, first with a mixture of
ethanol and water (50 %), finally with ethanol
(99 %). The compound was recrystallized from
boiling water (10 ml). Yield: 1.15 g (47 %). Anal.
[Cr(C,,H,sN)(OH)],(SbOC,H,O,),1,.11H,0: Cr,
C, N, H, I. In other experiments the com-
plex crystallized with 6, 7, or 12 mol of crystal-
water. (&4)may: (196, 534), (151, 385). (&,4)mint
(35, 437), (80, 350). (de&,A)max: (—5.35, 520),
(+0.48, 443) (+1.16, 382). The mother liquor
was kept and used for the isolation of the
(+ )p-form.

8b. (+ )p-Di-u-hydroxobis[{1,8-bis(2’-pyridyl)-

2,5-diazahexane} chromium(III)] antimonyl
(+ )p-tartrate, (+)p-[(C14H;eN,)Cr(OH),Cr(Cy,-
H,,N,)J{(+ )p-SbOC,H,04},. 14H,0.  Ethanol

(99 9%) was added to the mother liquor from 8a
to double the volume. The resulting fine precip-
itate was filtered and washed with a mixture
of ethanol and water (50 9,) and with ethanol
(99 %). Recrystallization from boiling water
(8—9 ml) gave fine, violet crystals, which were
washed as above. Yield: 1.12 g (37 9%). Anal.
[Cr(C,H ;N,)(OH)],(SbOC,H,0,),.12H,0: Cr, C,
N, H. (&A)mag: (196, 534), (151, 385). (2,A)min:
(36, 437), (82, 350). (de,A)pax: (+5.32, 520),
(—0.48, 443), (—1.15, 383).

9a. (- )p-Di-u-hydroxobis[{1,6-bis-(2’-pyrid-
yl)-2,5-diazahexane}chromium (111)] iodide,
(—=)p-[(C1H,eN,)Cr(OH),Cr(C,,H,,N,)]1,.3H,0.
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(—)p-[Cr(C, H,eN,) (OH)]4{(+ )p-SbOCH Op},-
I,,11H,0 (0.83 g, 0.50 mmol) was dissolved
in 1 M sodium hydroxide solution (4 ml). Ethanol
(100 ml, 99 9,) was added dropwise while stirring
and cooling to precipitate sodium antimonyl
(+ )p-tartrate. Filtering. Then 4 M hydrochloric
acid was added to recreate the originally red-
violet colour of the diol, and at last sodium 1odide
(3 g) and a small amount of ascorbic acid were
added to precipitate the optically active diol as
an iodide. Recrystallization from boiling water
(5 ml) with the addition of sodium iodide (1 g)
to the filtrate. Washing with ethanol Yield:
0.447 g (75 %). Anal. [Cr(C, H,N,) (OH)],I,.
3H,0: Cr, C, N, H, L. (&,A)max: (195,534), (147,
385). (&,A)min: (35, 437), (82, 350). (de&)A)max:
(—5.30, 520), (+0.43, 443), (+1.10, 382).

9b. (+ )p-Di-u-hydroxobis[{1,6-bis(2’-pyridyl)-
2,5-diazahexane}chromium(III)]  perchlorate,
‘(&_'I)B'[(CquaNA)CT(OH)zCT(CuHstd)](ClOA)v'

,0.

( + )D'[Cr(C1AH18N4)(OH)]x{( + )D'SbOCLHIOG}"
.14H,0 was dissolved in hot water (8 ml,
70 °C). Sodium perchlorate (1 g) dissolved
in water (1 ml) was added. A fluffy precipitate,
presumed to be a mixed perchlorate-antimonyl
tartrate, immediately appeared. Filtering and
washing with ice-water. The compound was
dissolved on the filter in boiling water (25 ml).
Sodium perchlorate (5 g) was added, and
coarse well-shaped crystals appeared on cooling.
Recrystallization from boiling water (10 ml)
with the addition of sodium perchlorate (1 g)
dissolved in water (1 ml). Cooling. Filtering.
Washing with ethanol. Yield: 0.197 g (72 %).
Anal. [Cr(C,H,N,) (OH)],(C10,),.4H,0: Cr, C,
N, H, CL (&,A)pax: (197, 534), (150, 385). (&4)min:
(36, 437), (78, 350). (de,A)pax: (+5.42, 520),
(—0.47, 443), (—1.13, 383).

10. (+ )p-a-cis-Dichloro{1,6-bis-(2’-pyridyl)-
diazahexane}chromium(III) perchlorate, (+ )p-
a-ci8-[Cr(C, ,H,,N,)Cl,]CIO,.

(+)p-LOr(C1 H,,N,) (OH)]4(C10,),.4H,0(0.245
g, 0.224 mmol) was kept in a stoppered flask
with cone. hydrochloric acid (2 ml) for 4 days. By
then large violet crystals had formed. They were
filtered and washed, first with 1 M sodium
perchlorate solution, then with ethanol. Yield:
0.147 g (71 %). (&,A)max: (103, 545), (98, 407).
(& A)min: (26, 464), (8,353). (de,A)max: (—1.06,
583), (+1.10, 511), (—0.12, 395).

RESULTS AND DISCUSSION

Synthesis and resolution. Gibson and McKen-
zie 1? gynthesized «-cis-[Co(C,,H,;N,)Cl,]*+ using
the so-called sodium triscarbonatocobaltate(III)
as an initial material. We developed another
method starting from (¢rans-[Copy,Cl,]Cl.6H,0,
which reacted with the amine in an organic
medium. g-cis-[Co(C,,H,N,)Cl,]+ was evident-
ly prepared by the same conventional method

in both cases,'»'*'% namely by an oxidation
with air of the cobalt(II) ion in the presence of
amine and sodium nitrite and a subsequent
substitution of the nitro groups in the g-cis-
dinitro complex formed.

Anhydrous chromium (III) chloride and trans-
[CrpyCl,]1 react with 2-aminomethylpyridine
forming «- and B-cis[Cr(C¢H,N,),Cl,]*, respec-
tively.!® In the case of 1,6-bis-(2’-pyridyl)-2,5-
diazahexane the same starting materials both
gave mixtures of the a- and B-compounds.
Differences in solubilities enabled us to separate
the compounds, but the final yields were
accordingly small.

We have earlier found!' that the di-u-
hydroxobis[bis(2-aminomethylpyridine)chro-
mium(III)] ion could be obtained by the
reaction of chromium(III) bromide, hexa-
hydrate and 2-aminomethylpyridine in the
presence of chromium(II) or zinc dust. In the
present case the method worked equally well,
zine dust being preferred because it was more
easily available.

Like the corresponding diols with 2-amino-
methylpyridine, 1,10-phenanthroline and 2,2’-
bipyridine, the diol with 1,6-bis-(2’-pyridyl)-2,5-
diazahexane could be resolved with sodium
antimonyl (+ )p-tartrate as a resolving agent.!,
In all cases the (—)p-isomer formed the less
soluble diastereoisomer. The reaction between
the perchlorate of the (+ )p-isomer and conc.
hydrochloric acid gave (4 )p-[Cr(C,H,sN,)
Cl,]C10,, identified as belonging to the a-type
of cis-complexes by means of the absorption
spectrum.

Stereochemistry of the cis-dichloro 1,6-bis-(2’-
pyridyl)-2,5-diazahexane-chromium(I1I)  ions.
The general formula cis-[M(C,HN,)Cl,]t,
where M is Co(III) or Cr(III) and C,H,,N,=
1,6-bis-(2’-pyridyl)-2,5-diazahexane, theoreti-
cally includes two types of geometrical isomers,
namely isomers with the symmetrical a-cis
configuration (Fig. 2a, b) and isomers with the

Py p Py Py
Cl Cl, Cl Cl
Py Py
a b c d

Fig. 2. a- and pB-cis-[M(C,,H,N,)CL;]+. M=
Cr(III) or Co(III). Py symbolizes the pyridine
nitrogen. a, 4 («). b, 4 (). ¢, A (). d, 4 (B).
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Table 1. Data from X-ray powder photographs.

Compound

d-Spacings (A)

a-6is[Co(C1,H,eN,)CL,]CI0,

a-cis-[Or(C1H,N,)CL,]CIO,

B-cis-[Co(CH, N,)C1;]:8,0,.13H,0

B-¢is-[Cr(C1H,N,)Cl5],8,0,.2H,0

.19 6.69 w, 6.39 s, 5.66 8, 5.62 m,
.08 w, 4.87 8, 4.60 w, 4.40 w, 4.36 w,
86m,379m,369m,363s,357m,
8.

.03m, 7.658, 7.198, 6.66 w, 6.47 s, 5.67 8, 5.63 8, 5.55 m,
.258,5.09w,4.908, 4.61 w, 4.44w, 443w, 4.31 m, 3.84s,
.83 m, 3.66 s, 3.62 8, 3.59 w, 3.50 m, 3.38 m, 3.33 m.

.30 m, 7.54 s, 6.87 m, 6.756 s, 6.52 w, 6.04 8, 5.39 s,
21 m, 5.11 m, 4.87 m, 4.77 w, 4.25 w, 4.21 w, 4.08 m,
72 8, 3.49 w.

.22m, 7.578,7.038,6.90m, 6.49 w, 6.04s, 5418, 5.32w,
.23 m, 4.90 m, 4.80 w, 4.25 w, 4.20 w, 4.14 8, 3.82 m,
.50 s.

r.ocngo mmm wmw porlsclsn

?JIM

Table 2. Electronic spectral parameters from cis-dichloro complexes of chromium(IIT) and cobalt
(III) with 2-aminomethylpyridine and 1,6-bis(2’-pyridyl)-2,5-diazahexane.

Compound

Amax DI (1) &max (1) Amax D (2) emax (2)

«-cis-[Cr(C,H,N,),C1,]JCLH,0 ¢
a-0is-{Cr(C} N )C1,ICL3H,0
B-cis-[Cr(C,H,N,),Cl,]1 4
B-cis-[Cr(CyH,oNy)CI,]NO,.$H,0
a-ct8-[Co(C,H,N,),C1,]CLH,0 ®
a-ci8-[Co(C' H,,N,)CL,]CL.13H,0
B-cis-[Co(CeH,N,),Cl,]C1.2H,0 b
B-cis-[Co(C, H,N,)CLINO,. %Hzo

540.5 97 402 89.5
545 104 407.5 99
534 78 405 95
538 131 407 100
538.5 136

541.5 128 392.5 131
534 113

532 158

4 Ref. 19. ® Ref. 17.

Table 3. CD-spectral parameters for some complexes of chromium(III) with 1,6-bis(2’-pyridyl)-2,5-diaza-
hexane (C,H,,N,), 2-aminomethylpyridine (C,HgN,), 1,10-phenanthroline (C,,H,N,), 2,2’-bipyridine

(C,oHgN,) and 1,2-ethanediamine (C,HN,).

Compound Ligand=1L

Aex(1)  Adeex(l)  Aex(2)  deex(2)  Aex(3) deex(3) Ref.

(=)o -[LCr(OH),CrL}*+  C,H,N,

(+ )D [LCr(OH),CrL]“*’ C H (N,

(—)p-[LyCr(OH),CrLy)*+ C H,N,
44-(— )p-[LyCr(Ox):CrL,]*+ C,,HQN,
A44-(— )p-[LyCr(OH),CrL,]*+ C, HyN,

(+)p-[CrLCL]+ CHigNg
(+)p-[OrL,Cl]+ C,H, N,
A-(+ )p-[CrL,Cly)+ CaH N,

nm nm nm
520 -5.30 382 +1.10
520 +5.42 383 -113
588 +0.37 6508 —6.66 376 +1.62 11
~b520 ~—6.2 ~400 ~+2.6 5
615 +0.18 518 —6.62 402 +0.79 20
583 —1.06 511 +1.10 396 —0.12
576 —0.66 513 +0.88 409 —0.17 11
590 - 0.5 520 + 0.6 426 +0.256 22
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Py Py Py Py Py Py
Py Py Py Py Py Py
a b c
Fig. 3. [(CqusNA)CI'(OI'_I)aC"(C14H19N4)]‘+- a,
b and ¢ are the three isomers that can be

constructed from two «-cis-skeletons. a, A ()
A (). b, 4 (a) 4 (x). ¢, A (a) 4 ().
Py Py

Py Py Py
| —— | Py ||
Py! Py Py Py
[} b c
Py Py P
Py/ /- — Py ] Py//—]
Py Py Py
Py Py Py
.d e f

Fag. 4. [(C1H,,N,)Cr(OH),Cr(C,H,,N,)]*+. a,b,
c,d,e and f are the six isomers that can be
constructed from two p-cis-skeletons. a, A (B)
A (B). b, 4 (B) 4 (B).c, A(B)d(B).d,4(B)A
(B).e, 4 (B) 4 (B).-£. A (B) 4(B).

Py Py py Py
__Py ]
py
py
a b
- Py Py Py Py
—N7PY
Py
Py Py
c d

Fig: 5. [(C1H,eN,)Cr(OH),Cr(C, HN,)]*+. a,
b, ¢ and d are the four isomers that can be
constructed from one a-cis-skeleton and one
p-cis-skeleton. a, A (x) A (). b, 4 («) 4 (B). ¢,
A (x) 4 (B). d, 4 (x) 4 (B).

unsymmetrical B-cis configuration (Fig. 2c,
d). It was possible to isolate racemates of
all the predicted compounds and the optically
active forms of «-cis-[Cr(C,,H,N,)CL,]*+ (Fig.
2a and b). Gibson and McKenzie !* assigned
the configurations of the cobalt complexes by
means of 'H MNR spectra. As we prepared

the a-complex by a totally different method
and the B-complex by a slightly different
method, we had to repeat the measurements
to identify our compounds. Qur measurements
confirmed the previously found results.

To assign the configurations of the chromium
complexes we compared their X-ray powder
diffraction patterns with those of the corre-
sponding cobalt complexes. We found strong
evidence for isomorphism between blue-violet
cis-[Cr(C,,H,,N,)C1,]C1O, and blue-violet a-cis-
[Co(C,H,N,)CL]ICIO, and a reasonable evidence
for isomorphism between red-violet cis-[Cr
(C14H N )CL,],8;,0,.2H,0 and red-violet g-cis-
[Co(C, H,N,)C1,],8,04.13H,0 (Table 1).

Table 2 shows a comparison between the
absorption spectra of c¢is-[M(C,H,N,)Cl,]+
and cis-[M(CH,N,),Cl,]*+ ions, where again
M =Co(III) or Cr(III) and C,H N,=2-amino-
methylpyridine. We notice the similarity
especially regarding the position of the ab-
sorption maxima of related compounds.

Stereochemistry of the di-u-hydroxobis[{1,6-(2’-
pyridyl)-2,5-diazahexaneichromium (I111)] ion.
The binuclear ion [(C,.H,N,)Cr(OH),Cr-
(C1H,¢N)]*+ in principle exists in several
isomeric forms. From an «-cis-skeleton for
instance (Fig. 2 a and b), we can build up a total
of three different isomers (Fig. 3 a, b, ¢). From
a p-cis-skeleton we can build six different
isomers (Fig. 4 a,b,c,d,e,g), and by the combina-
tion of an «-cis-skeleton and a g-cis-skeleton
we can build four different isomers (Fig. 5a,
b, ¢). Molecular models indicate, however, that
eleven of these thirteen isomers would be
grossly hindered sterically. We are thus left
with the probability of finding two isomers
only, namely the catoptromers shown in Fig.
3a and b.

Our experiments agreed nicely with that. We
found one kind of di-y-hydroxo complex,
a racemate that could be resolved, the (—)p-
isomer accounting for 47 %, of the starting
material.

On the assumption that the acid cleavage
reaction of the di-u-hydroxobis[{1,6-bis-(2’-
pyridyl)-2,5-diazahexane}chromium(III)] ion
proceeds with retention of configuration as
experienced for diols with 2-.aminomethyl-
pyridine,'* 1,10-phenanthroline and 2,2’-bi-
pyridine,®® the catoptromers (Fig. 3a and b)
should react with conc. hydrochloric acid to
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Fig. 6. The absorption spectrum (top) and the
circular dichroism spectrum (bottom) of (—)p-
[(C14HeN)Cr(OH),Cr(C, H (N, )]+

form cis-dichloro complexes of the symmetrical
type shown in Fig. 2a, b. In fact (+ )-p[(C,HsN,)
Cr(OH),Cr(C,H,N,)](C10,),.4H,0 did react
solely forming ( + )p-a-cis-[Cr(C,,H,sN,)Cl,]C10,,
confirming that our assignments have been
correct.

Configuration and optical activity. The absorp-
tion and CD spectra of (—)p-[(C,sH;N,)Cr
(OH),Cr(C,,H,,N,)]**+ are shown in Fig. 6,and a
comparison with spectral data for corresponding
compounds appears in Table 3. If the chirality
can be related to the sign of the dominant
CD-band in the region of the cubic 44, = 47,
d—d absorption of the chromium(III) ion,? the
configurations of (—)p- and (+ )p-[(C,H,sN,)Cr
(OH),Cr(C, H,;(N,)]*+ should be 44 and A4,
respectively. Consequently the configuration
of (+ )p-a-cis-[Cr(C, H(N,)Cl ]+ is 4.

The absorption and CD-spectra of (+)p-a-
cis[Cr(C, H (N,)Cl;]+ are shown in Fig. 7,
and a comparison with the spectral data for
analogous compounds appears in Table 3. The
CD-spectrum has the same main features as
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Fig. 7. The absorption spectra (top) of «-cis-
[Cr(C,,H,sN,)Cl,)+ and  B-cis-[Cr-
(Cy HgN,)Cl]*  (———) and the circular

dichroism spectrum (bottom) of (+ )p-a-cis-
[Cr(C1H,sN,)CL]+.

the CD-spectra of A-( + )p-cis-dichloro complexes
of chromium (ITT) with 2-aminomethylpyridine 11
and 1,2-ethanediamine 22 with a positive, but
in this case not dominant, band in the region
510 — 520 nm.
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