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Mono N-ethylethanediamine and N-benzylethanediamine complexes of Co(III), Fe(II), and Fe(III) with
four cyano or ammine groups were prepared. Their 'HNMR spectra were measured to determine the con-

formation of N-ethyl and N-benzyl groups.

These N-alkyl groups take pseudo-equatorial orientation at

the coordinated secondary amine. The most preferred conformation is that the methyl and phenyl groups
are anti with respect to the central metal ions. The crystal structure parameters of [Co(NHgz)4(N-benzyl-
ethanediamine)](NO3)3:1.5H20 were determined: P2;, Z=2, a=8.639(3), b=21.240(3), ¢=10.897(2) A,
B$=94.11(1)°. The crystallographically independent Co complex cations had opposite absolute configuration
around coordinated secondary amine sites and the benzyl groups are anti to the cobalt atom.

The stereochemistry of bidentate chelate rings has
been studied by various methods. The NMR meth-
ods have provided strong clues about molecular ge-
ometry through the dihedral angle dependence of the
three-bond vicinal coupling constant, 3Jy—p, in the
H-C-C-H fragment." The conformations of five-mem-
bered chelate rings in metal complexes in solutions are
now predictable on the assumption that an ethanedi-
amine chelate ring with substituent bonded to the car-
bon atoms prefers the substituent groups in equato-
rial dispositions. The dispositions of the substituents
bonded to the nitrogen donor atoms are less clear,
due to the smaller difference in energy between ax-
ial and equatorial dispositions. These substituents will
take predominantly an equatorial position in octahedral
complexes.?) But isomers with equatorial and axial dis-
positions have nearly the same energy in square-copla-
nar complexes and two forms have been isolated and
analyzed for [Pt(Me-S-pn)Cly], where Me-S-pn repre-
sents S-2-methyl-1,4-diazapentane.? The substitution
of both chloro ligands with 2,2'-bipyridyl (bpy) or 1,10-
phenanthroline (phen) in square-coplanar complexes
forces the substituents at the nitrogen atom to take an
axial disposition through interligand non-bonding inter-
action between 6,6’-hydrogens of bpy or 2,9-hydrogens
of phen and the substituents.®

The analysis of the stereochemistry of N-alkylethane-
diamines, however, has been done with an N-methyl
as the N-alkyl group, such as N-methylethanediamine
(Meen) and N,N’-dimethylethanediamine (s-Megen),*
but not often with an N-alkyl group higher than meth-
yl.»

Using a 100 MHz spectrometer we found that
N-ethylethanediamine (Eten) exhibits a complicated
'HNMR spectrum due to severe overlapping signals
when coordinated to tetracyanoferrate(Il), in spite of
the rather simple structure of the complex. To elu-
cidate the structure of the chelate ring formed by
Eten especially of its ethyl group, we prepared three
mono(Eten) metal complexes: [Co(CN)4(Eten)] ™, [Fe-
(CN)4(Eten)]?~, and [Co(NHj3)4(Eten)]*>*. Two cobalt-
(III) complexes of N-benzylethanediamine (Been) were
also prepared and the stereochemistry of the chelate
ring was analyzed by taking advantage of the mag-
netic effect of the phenyl ring on protons in proxim-
ity. The molecular structure of [Co(NHj)s(Been)]3+
has been examined by X-ray crystallography on [Co-
(NH3)4(Been)](N03)3-1.5H20.

Experimental

Materials. The following metal complexes for prepar-
ing the Eten and Been complexes were prepared according to
the references: K3[CoCl(CN)s], K3[CoBr(CN)s],” and [Co-
(NO3)2(NH3)4]NO3.®) Eten and Been were purchased from
Tokyo Kasei, and Fe(ClO4)2:6H20 from Alpha; they were
used without further purification. Other reagents were pur-
chased with the highest purity available and were used with-
out further purification. ’

Preparation of Metal Complexes. Na[Co-
(CN)4(Eten)]: A mixture of K3[CoCl(CN)s] (5 g, 0.0146
mol), Eten (5 g, 0.0567 mol), and water (20 mL) was stirred
at 65 °C for 7 h. The resultant mixture was poured into a
450 mL portion of methanol; then separated white precip-
itates were removed by filtration. The filtrate was concen-
trated with a rotatory evaporator. The residue was again
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mixed with 200 mL of methanol and the undissolved white

solid was removed by filtration. The filtrate was concen-

trated and dissolved in 30 mL of water. The yellow aqueous
solution was applied to a Dowex 1X8 anion exchange col-
umn (¢3x10 cm). The absorbed mixture was eluted with
water (2 L), 0.01 M HCI (1 M=1 moldm~3, 2 L), 0.1 M HCl
(2 L), and 0.2 M HCI (2 L) successively. The pale yellow
band eluted with 0.2 M HCI was collected and concentrated
to near dryness and then was dissolved in 15 mL portion
of water. The residue after neutralization with 1 M NaOH
was dissolved in a mixture of water (2 mL), ethanol (22 mL),
and ether (8 mL). To this solution, isopropy! ether (20 mL)
was added. Separated yellow precipitates were collected on
a filter and stored in vacuo. Yield, 488 mg. Anal. Calcd
for Na[Co(CN)4(C4H12N2)]: C, 35.05; H, 4.41; N, 30.66%.
Found: C, 34.71; H, 4.86; N, 30.79%.

Na[Co(CN)4(Been)]-2H;0: A mixture of K3[CoBr-
(CN)s] (3.86 g, 0.01 mol) and Been (1.50 g, 0.01 mol) in
10 mL water was heated at 80 °C for 16 h. The resultant
orange solution was concentrated to dryness with a rotatory
evaporator. The yellow-orange residue was extracted with a
30 mL portion of methanol twice under reflux. The meth-
anol extract was concentrated to near drymess; ether (30
mL) was added to the residue and ether-soluble materials
were discarded by decantation. The mixture was taken into
a 20 mL portion of water and the mixture was filtered. The
yellow filtrate was placed on the top of a Dowex 1X8 col-
umn (¢3x10 cm) and washed with 500 mL of water and 0.4
M hydrochloric acid successively. The pale yellow fraction
which was eluted with 2 M hydrochloric acid was combined
and concentrated to dryness. The residue was dissolved into
about 2 mL of water after neutralization with 1 M NaOH,
filtered, and chromatographed with a Sephadex G15 col-
umn (¢1.8x86 cm), using water as the eluant. The fractions
which have an absorption maximum at 358 nm were pooled
and concentrated with a rotatory evaporator. The remain-
ing yellow solid was dissolved into 2 mL of methanol and 1
mL of acetonitrile; 4 mL of ether was added to the mixture
and the mixture was left to stand in a refrigerator overnight.
Separated pale yellow crystals were collected on a filter and
washed with ether. Yield, 160 mg. Anal. Calcd for Na-
[Co(CN)4(CoH14N2)]-2H20: C, 41.95; H, 4.87; N, 22.58%.
Found: C, 41.66; H, 4.96; N, 22.58%.

Naz[Fe(CN)4(Eten)]-0.5(CH3OH)-0.5(NaClOy4)-
3(H20): Into a three-necked flask, Fe(ClO4)2-6H20 (14.51
g, 0.04 mol) was placed; methanol (40 mL) was added to dis-
solve the solid material under nitrogen at 0 °C. Three equiv-
alents of Eten (10. 60 g, 0.12 mol) in methanol (20 mL) and
four equivalents of NaCN (7.85 g, 0.16 mol) in water (20
mL) were added successively to the Fe(II) solution under
vigorous stirring. The resultant mixture was stirred for 1 h
at 0 °C; then ethanol (100 mL) was added to precipitate the
Fe(1I) complex. The mixture was allowed to stand overnight
at 0 °C. Separated yellow precipitates were collected on a
filter and washed with ethanol (40 mL) and ether (10 mL)
successively and then stored in vacuo.

The crude product was dissolved in 15 mL of water;
undissolved materials were filtered off using Wako No. 5a
filtration paper. To the filtrate, methanol (50 mL) and
ethanol (100 mL) were added successively and the mix-
ture was left to stand at room temperature overnight.
Separated yellow crystals were collected on a filter and
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washed with ethanol (40 mL) and ether (10 mL) suc-
cessively and then stored in vacuo. Yield. 992 g
(58.3%). Anal. Caled for Nay[Fe(CN)4(CsHi2N2)]-
0.5(CH30H)-0.5(NaCl04)-3(H20): C, 24.00; H, 4.74; N,
19.76%. Found: C, 24.35; H, 5.13; N, 20.07%.

[Co(INHj3)4(Eten)](Cl04)2(NO2): A mixture of [Co-
(NO3)2(NH;3)4](NO3)-H20 (3.31 g, 0.01 mol) and Eten (0.88
g, 0.01 mol) in 30 mL of dimethylsulfoxide (DMSO) was
stirred for 3 h at 65 °C. The mixture was poured into 200
mL of absolute ethanol. The separated orange-brown pre-
cipitates were collected on a filter. These precipitates (2.84
g) were dissolved in a mixture of water (12 mL) and two
drops of acetic acid. This mixture was reduced in volume
by heating on a hot plate and then cooled. Separated crys-
talline materials were collected on a filter; then their infrared
spectrum was examined. After 3 cycles of these procedures,
orange precipitates which showed sharp absorptions in the
range between 1000 and 1200 cm™* were obtained (the total
volume: 1 mL). Yield, 921 mg. ,

This crude product was dissolved in water (4 mL) at 60
°C; then a mixture of NaClO4 (1.22 g) and NaNO3 (350 mg)
in 10 mL of water was added. After the volume of this mix-
ture was reduced to ca. 4 mL, the mixture was kept at room
temperature. Separated crystals were collected on a filter;
these were recrystallized from 2 mL of water and two drops
of acetic acid. Anal. Caled for [Co(NHs)4(C14H12N2)]-
(Cl04)2(NO2): C, 10.44; H, 5.26; N, 21.31%. Found: C,
10.45; H, 4.91; N, 21.46%.

[Co(NH3)4(Been)](NO3)3-1.5H20: A mixture of
[Co(NO3)2(NHs)4](NO3)-H20 (2.95 g, 8.9 mmol) and Been
(1.65 g, 10.8 mmol) in 5 mL of DMSO solution was gen-
tly stirred for 6 h at 60 °C. The mixture turned to a dark
orange solution; then 40 mL of ethanol were added. Sepa-
rated orange precipitates were collected on a filter, washed
with ether and dried in vacuo (4.14 g). From the filtrate,
pale pink precipitates were formed on addition of 60 mL of
ethanol and these were also collected on a filter. Successive
careful crystallization of these precipitates from water and a
few drops of acetic acid by slow evaporation afforded plate
crystals, which showed absorptions at 3190, 1626, 1389(v.s.),
828, and 705 cm ™! with KBr pellets. yield, 800 mg. Anal.
Calcd for [CO(NH3)4(CQH14N2)](NO3)3-1.5H20: C, 22.05;
H, 5.96; N, 25.71%. Found: C, 22.45; H, 5.37; N, 26.29%.

Physical Measurements. "HNMR, spectra of [Fe-
(CN)4(Eten)]”. Several attempts to isolate this com-
plex ion from the mixture of oxidized products of Nag[Fe-
(CN)4(Eten)]0.5CH3OH-0.5NaClO4-3H20 were not success-
ful, due to the high solubility of this compound. The
'HNMR of [Fe(CN)4(Eten)]™ were recorded, therefore, with
samples prepared in situ by addition of Na2S20Og. The Fe(II)
complex (63.6 mg) was dissolved into 430 mg of D20, fol-
lowed by successive addition of DCI (37.5 mg) and Na2S20s
(116 mg). The resultant solution was transferred to an NMR
sample tube and 'H NMR spectrum was recorded on a JEOL
FX-100 spectrometer within 10 min.

Before we assigned each signal, the Fe(II) complex was
dissolved in pD 2.0 DCI-D20. As the oxidizing agent, vari-
ous amounts of K3[Fe(CN)g] were mixed; the 'H NMR spec-
tra were recorded within 10 min. The molar ratios of K3[Fe-
(CN)s] to the Fe(II) complex were 0.001, 0.025, 0.042, and
0.093.

UV and visible absorption spectra were recorded with a
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Shimadzu UV-210 spectrophotometer. Infrared spectra were
recorded on a JASCO IRA2 spectrophotometer using Nujol
mulls. 'HNMR spectra were recorded on a JEOL GSX-
400 spectrometer using sodium trimethylsilylpropionate-ds
(TSP) as an internal standard. '3CNMR spectra were
recorded on a JEOL FX-100 spectrometer using dioxane as
an internal standard.

X-Ray Crystallography. Crystals of [Co-
(NH3)4(Been)](NO3)3+1.5H20 were grown by slow evapo-
ration of the aqueous solution of the compound. Crystallo-
graphic data were collected as is summarized in Table 1.
The unit cell parameters and the intensity data were mea-
sured on an Enraf-Nonius CAD-4 single-crystal diffractome-
ter using graphite-monochromated Mo K« radiation. Unit
cell parameters were obtained by a least-squres refinement
of the values in the range between 3—50° of 25 carefully
centered reflections chosen from different regions of the re-
ciprocal space. Data were collected at 201 °C. The struc-
tures were solved and refined by the Enraf-Nonius SDP
crystallgraphic computing package.”) The structure ampli-
tudes were obtained after the usual Lorentz and polariza-
tion reductions.” An empirical correction for absorption ef-
fects was applied.”) The structure was solved by using con-
ventional Patterson and Fourier techniques and refined by
full-matrix least squares. In the last cycles of refinement,
anisotropic thermal parameters were used for all the non-
hydrogen atoms. The hydrogen atoms were clearly located
in the final difference Fourier map, but not refined; those
were placed at their geometrically calculated positions and
included in the final structure calculation with their param-
eters fixed. The scattering factors were taken from Ref. 10

Table 1. Experimental Data for the X-Ray Diffrac-
tion Study of [Co(NH3)4(Been)](NOs)3-1.5H20
Formula Ci18H58N18021Cox
Mol wt 980.631
Crystal system Monoclinic
Space group P2,
a/A 8.639(3)
b/A 21.240(3)
c/A 10.897(3)
B/° 94.11(1)
V/A3 1993.9(8)
zZ 2
dcalcd/gcm_3 1.63
dobsd /g cm™3 1.63
Crystal size/mm 0.42, 0.35, 0.04
Color Orange
Habit Plate
Scan type w—260
Radiation (A) Mo Ka (0.71073)
Scan range 26/° 3.0—50

Temp/K 293

Data. colled h,k,+xl
No. of reflecns 3848
No. of reflecns used in calc 2738
R® 0.045
% 0.047

a) R=3 || Fol=|Fell/Z|Fol- b) Rw={Zw(|Fo|—|Fc|)?
/S wFI/2, w=1.
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with the exceptions of those of the hydrogen atoms, which
were taken from Ref. 11. Corrections for the real and imag-
inary components of anomalous dispersions were made. Fi-
nal atomic coordinates are listed in Table 2. Selected bond
distances and angles are reported in Tables 3 and 4. Lists of
anisotropic thermal factors for nonhydrogen atoms, coordi-
nates for hydrogen atoms, and F,— F. tables were deposited
as Document No. 68008 at the Office of the Editor of Bull.
Chem. Soc. Jpn.

Results and Discussion

The structure of an N-alkyl-1,2-diamine chelate is
described by a combination of the configuration of the
asymmetric nitrogen center and the conformation of the
five-membered chelate ring. In Fig. 1A, the possible
structures with R-configuration at the nitrogen center
are drawn schematically: The five-membered chelate
ring takes either a § or a A gauche conformation with the
N-alkyl group in the axial and equatorial disposition, re-
spectively. The former arrangement (R,4) is expected to
be more stable than the latter (R,\) for octahedral com-
plexes, because the repulsion between the alkyl group
and an apical ligand (Y) is weaker for the former.V
For square-coplanar complexes, the apical ligand (Y)
is absent and the energy difference between (R,§) and
(R,)\) arrangements is smaller than for octahedral com-
plexes; both isomers are populated and isolated with
N-methylpropanediamine when X is C1=.% But when
X=1/2(bipy) or 1/2(phen), the interligand interaction
between the conjugated diimine and the methyl group
forced the methyl group to take an axial disposition.®

If the alkyl group is denoted as —CHo—R, the ori-
entation of R must be taken into account in order to
specify the structure of the alkyl group unless R=H.
The Newman projection looking down the CHo—N bond
reveals that there are three different staggered confor-
mations defined by the torsion angle of M-N-C-R for
each gauche form, as shown in Fig. 1B.

The stereochemistry of the coordinated N-alkyl-
diamine was investigated using metal complexes
bearing one molecule of Eten or Been as Ili-
gand which shows resonances in the magnetic
field higher than 5 ppm other than phenyl pro-
tons. The mono (Eten) and (Been) complexes were
prepared as [Co(NHj)s(Eten)]3, [Co(CN)4(Eten)]™,
[Fe(CN)4(Eten)]?~, [Co(NH3)s(Been))*t, and [Co-
(CN)4(Been)]~ by employing the methods for prepara-
tion of the corresponding ethanediamine complexes.'V
The tetracyanocobaltate(III) complex was purified by
anion exchange column chromatography. Several at-
tempts to crystallize [Fe(CN)4(Eten)]” with several
cations were not successful, due to its high solubility.
The 'HNMR spectrum of tetracyano( N-ethylethanedi-
amine)ferrate(I11) was recorded on a sample of the cor-
responding Fe(II) complexes oxidized by NayS,Og or
[Fe(CN)g)~.

The visible spectra of these complexes were typical
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Table 2.

Positional Parameters and Thermal Param-

eters (A?) of Non H Atoms of [Co(NHj3)4(Been)]-

(NO3)3-1.5H20 with esd’s in Parentheses

N-Alkylated Ethanediamine Metal Complexes

Atom T Y z Beq
Co(1) 0.5014(1)  0.096(0) 0.4774(1)  2.12(2)
N(1) 0.4544(8)  0.0933(4) 0.2971(6)  3.4(2)
N(2) 0.3759(7)  0.1761(3) 0.4737(6)  2.2(1)
N(3) 0.5528(7) 0.0979(4) 0.6562(6)  3.1(1)
N(4) 0.6208(8) 0.0173(4) 0.4648(7)  3.3(2)
N(5) 0.6905(8)  0.1461(3) 0.4599(7)  2.8(1)
N(6) 0.3186(8)  0.0444(4) 0.5001(7)  3.1(2)
C(1) 0.379(1) 0.1539(4) 0.2557(7)  3.3(2)
C(2) 0.283(1) 0.1762(3) 0.3548(7)  3.5(2)
C(3) 0.283(1) 0.1900(5) 0.5798(8) 2.8(2)
C(4) 0.197(1) 0.2519(5) 0.567(1) 2.3(2)
C(5) 0.271(1) 0.3080(5) 0.5888(9) 3.5(2)
C(6) 0.196(1) 0.3648(5) 0.5772(9) 4.6(2)
C(7) 0.038(1) 0.3663(5) 0.540(1) 4.4(2)
C(8) —0.036(1) 0.3104(5) 0.5171(8) 4.0(2)
C(9) 0.038(1) 0.2534(5) 0.5283(9) 4.1(2)
Co(2) 0.0114(1)  0.40470(6) 0.0207(1) 2.32(2)
N(11) 0.0422(8) 0.3967(3) 0.1986(6) 2.6(1)
N(12) 0.139(1) 0.3264(3) 0.0147(7)  3.7(2)
N(13) -0.021(1) 0.4107(4) —0.1593(6) 3.9(2)
N(14) —0.1199(8) 0.4790(3) 0.0384(6) 2.7(1)
N(15) 0.1963(9)  0.4606(4) 0.0170(8) 4.0(2)
N(16) —0.1749(9) 0.3506(4) 0.0202(7)  3.2(2)
C(11) 0.144(1) 0.3436(5) 0.2356(8)  5.0(2)
C(12) 0.231(1) 0.3212(5) 0.1320(8) 4.0(2)
C(13) 0.208(1) 0.3069(5) —0.0972(8) 3.6(2)
C(14) 0.297(1) 0.2458(4) —0.0851(9) 3.3(2)
C(15) 0.220(1) 0.1896(5) —0.1041(9) 3.5(2)
C(16) 0.306(1) 0.1333(6) —0.0920(9) 4.3(2)
C(17) 0.461(1) 0.1341(4) —0.0613(8) 4.4(2)
C(18) 0.535(1) 0.1894(6) —0.047(1) 4.7(3)
C(19) 0.454(1) 0.2461(5) —0.0566(8) 3.0(2)
N(1A) 0.4760(9) 0.9477(4) 0.1414(8) 4.1(2)
O(1A) 0.5973(8)  0.9540(6) 0.2013(7)  7.9(3)
O(2A) 0.3570(8) 0.9716(4) 0.1721(8) 5.5(2)
O(3A) 0.4773(8) 0.9164(4) 0.0436(7)  5.0(2)
N(1B) 0.156(1) 0.7089(4) 0.8200(7)  3.9(2)
O(1B) 0.192(1) 0.7569(4) 0.7660(8) 6.5(2)
O(2B) 0.0622(9) 0.7106(4) 0.8987(7) 5.7(2)
O(3B)  0.220(1) 0.6569(4) 0.7977(7)  6.4(2)
N(1C) 0.9758(9) 0.0475(4) 0.3081(8) 4.1(2)
O(1C) 0.8534(8) 0.0236(4) 0.2683(8) 6.1(2)
O(2C) 0.9816(8) 0.0752(4) 0.4076(6)  5.6(2)
O(3C) 1.0910(8) 0.0446(4) 0.2465(7)  5.7(2)
N(1D) 0.043(1) 0.5512(4) 0.3164(7) 4.2(2)
O(1D) -0.0873(9) 0.5285(4) 0.3071(8)  7.3(2)
O(2D) 0.1589(8) 0.5170(4) 0.3044(7) 4.9(2)
O(3D) 0.068(1) 0.6087(4) 0.3326(8) 6.1(2)
N(1E) 0.421(1) 0.9394(4) 0.7506(9) 4.9(2)
O(1E) 0.403(1) 0.9917(4) 0.7895(9) 7.8(3)
O(2E) 0.3148(9) 0.9001(4) 0.7572(8) 6.7(2)
O(3E)  0.536(1) 0.9261(6) 0.701(1) 10.6(3)
N(1F)  0.269(1) 0.7685(4) 0.2605(9) 4.4(2)
O(1F)  0.3451(9) 0.7381(4) 0.3385(7)  5.9(2)
O(2F) 0.168(1) 0.7444(5) 0.1907(8) 7.3(2)
O(3F)  0.290(1) 0.8260(4) 0.2533(8) 6.6(2)
0(91) 0.382(1) 0.9110(5) 0.4441(8) 7.0(2)
0(92) 0.1042(9)  0.5954(4) 0.0471(7)  5.3(2)
0(93) 0.457(1) 0.7881(4) 0.6386(8) 6.2(2)

Table 3.  Selected Bond Distances (A) of [Co-
(NH3)4(Been)](NO3)3-1.5H20
Molecule 1 Molecule 2
Co(1)-N(1)  1.978(7)  Co(2)-N(11)  1.945(6)
Co(1)-N(2)  2.016(7)  Co(2)-N(12)  1.998(8)
Co(1)-N(3)  1.967(6) Co(2)-N(13) 1.966(7)
Co(1)-N(4) 1.974(8) Co(2)-N(14) 1.960(7)
Co(1)-N(5)  1.969(7)  Co(2)-N(15)  1.992(8)
Co(1)-N(6)  1.952(7)  Co(2)-N(16)  1.975(8)
N(1)-C(1) 1.50(1) N(11)-C(11) 1.47(1)
N(2)-C(2) 1.472(9)  N(12)-C(12)  1.46(1)
N(2)-C(3) 1.48(1)  N(12)-C(13)  1.46(1)
C(1)-C(2) 1.48(1) C(11)-C(12) 1.48(1)
C(3)-C(4) 1.51(1)  C(13)-C(14)  1.51(1)
C(4)-C(5) 1.36(1)  C(14)-C(15)  1.38(1)
C(4)-C(9) 1.41(1)  C(14)-C(19)  1.36(2)
C(5)-C(6) 1.37(1)  C(15)-C(16)  1.41(2)
C(6)-C(7) 1.39(1) C(16)-C(17) 1.36(1)
C(7)-C(8) 1.36(1)  C(17)-C(18)  1.34(2)
C(8)-C(9) 1.37(1)  C(18)-C(19)  1.39(2)
Table 4. Bond Angles (°) of [Co(NHs)s(Been)]-

(NO3)3-1.5H,0

Molecule 1

Molecule 2

N(1)-Co(1)-N(2) 86.2(3)
N(1)-Co(1)-N(3) 178.7(3)
N(1)-Co(1)-N(4) 88.7(3)
N(1)-Co(1)-N(5) 91.8(4)
N(1)-Co(1)-N(6) 90.0(3)
N(2)-Co(1)-N(3) 94.9(3)
N(2)-Co(1)-N(4) 174.8(2)
N(2)-Co(1)-N(5) 89.4(3)
N(2)-Co(1)-N(6) 92.2(2)
N(3)-Co(1)-N(4) 90.3(3)
N(3)-Co(1)-N(5) 87.5(3)
N(3)-Co(1)-N(6) 90.7(3)
N(4)-Co(1)-N(5) 90.6(3)
N(4)-Co(1)-N(6) 87.9(3)
N(5)-Co(1)-N(6) 177.7(3)
Co(1)-N(1)-C(1) 109.1(5)
Co(1)-N(2)-C(2) 106.0(5)
Co(1)-N(2)-C(3) 118.1(5)
C(2)-N(2)-C(3) 113.3(6)
N(1)-C(1)-C(2) 108.0(6)
N(2)-C(2)-C(1) 110.2(7)
N(2)-C(3)-C(4) 113.1(8)
C(3)-C(4)-C(5) 122(1)
C(3)-C(4)-C(9) 120.5(9)
C(5)-C(4)-C(9) 117.9(9)
C(4)-C(5)-C(6) 123(1)
C(5)-C(6)-C(7) 120(1)
C(6)-C(7)-C(8) 118(1)
C(7)-C(8)-C(9) 122.9(9)
C(4)-C(9)-C(8) 119.0(9)

PPN

N(11)-Co(2)-N(12) 85.7(3)
N(11)-Co(2)-N(13) 178.7(3)
N(11)-Co(2)-N(14) 90.6(3)
N(11)-Co(2)-N(15) 91.2(3)
N(11)-Co(2)-N(16) 90.3(3)
N(12)-Co(2)-N(13) 93.4(3)
N(12)-Co(2)-N(14) 175.5(4)
N(12)-Co(2)-N(15) 92.9(3)
N(12)-Co(2)-N(16) 88.1(4)
N(13)-Co(2)-N(14) 90.3(4)
N(13)-Co(2)-N(15) 89.8(3)
N(13)-Co(2)-N(16) 88.7(3)
N(14)-Co(2)-N(15) 89.5(3)
N(14)-Co(2)-N(16) 89.5(3)
N(15)-Co(2)-N(16) 178.3(3)
Co(2)-N(11)-C(11) 112.1(5)
Co(2)-N(12)-C(12) 107.5(6)
Co(2)-N(12)-C(13) 121.7(6)
C(12)-N(12)-C(13) 118.8(8)
N(11)-C(11)-C(12) 111.3(7)
N(12)-C(12)-C(11) 111.9(7)
N(12)-C(13)-C(14) 114.2(8)
C(13)-C(14)-C(15) 119.5(9)
C(13)-C(14)-C(19) 120.4(9)
C(15)-C(14)-C(19) 120(1)

C(14)-C(15)-C(16) 118(1)

C(15)-C(16)-C(17) 121(1)

C(16)-C(17)-C(18) 119(1)

C(17)-C(18)-C(19) 121(1)

C(14)-C(19)-C(18) 120(1)

Fractional coordinates.

of 1,2-diamine complexes of these transition metal ion
complexes,'® but both the Been complexes show strong
absorptions in the ultraviolet region due to the phenyl
ring.

The methylene region of the 400 MHz 'H NMR spec-
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Fig. 1.

tra of [Co(CN)4(Eten)]™ in 0.03 M NaOD-D.O (N-D
conditions) and in D,O (N-H conditions) are repro-
duced in Figs. 2 and 3, respectively.!¥ A pair of appar-
ent sextets at 3.23 and 2.87 ppm under N-D conditions
was reduced to an AB quartet on irradiation at the
methyl region (1.24 ppm) of the N-ethyl group. These
signals were, therefore, assigned to H,, and H,, with 2J
of —13.6 Hz. Moreover, each peak split into a doublet
by coupling with Hy: *Jucncr of 1.2 and 0.5 Hz were
observed for the signals at 3.23 and 2.87 ppm, respec-
tively. Under the NH conditions, H,, and H, signal
splits into a double doublet by coupling with NH, as

34 32 30 28 26 24
Chemical Shift /ppm

Fig. 2. Methylene region of 400 MHz 'H NMR spectra
of [Co(CN)4(Eten)]” under N-D conditions. A, non
irradiated, B, irradiated at methyl signal.

Stereochemical scheme of coordinated N-alkylethanediamine.

s e

MMM

Chemical Shift/ppm

Fig. 3. Methylene region of 400 MHz 'H NMR spectra
of [Co(CN)4(Eten)]” under N-H conditions. A, non
irradiated; B, irradiated at methyl signal.

shown in Fig. 3. The upfield and downfield signals have
3 Jucnu of 9.8 and ca. 2 Hz, respectively. The differ-
ence in 3 Jyong can be accounted for by either the anti
or the syn conformations, but the difference in 4 JucNcH
suggests that the proton which appeared at lower field
has a larger coupling constant than that which appeared
at higher field. These differences indicate the predomi-
nant population of the anti conformation for the N-ethyl
group in Fig. 1B. A LAOCN simulation'® assuming a
4 spin system for the ethane segment of ethanediamine
has led to values of chemical shifts and coupling con-
stants similar to those for [Co(CN)4(Meen)]~.3?)

The methylene regions of the 400 MHz 'H NMR spec-
tra of [Co(CN)4(Been)]™ in D,O (N-H conditions) and
0.03 M NaOD-D,0O (N-D conditions) are reproduced
in Fig. 4. The benzyl protons, H,, and H,,, appeared
as an AB quartet under the N-D conditions. The up-
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Benzyl (4.6—3.8 ppm) and methylene (3.1—2.3 ppm) of 400 MHz *H NMR spectra of [Co(CN)4(Been)]™: A

under N-H conditions; B, under N-D conditions; C, simulated spectrum for the methylene region by LAOCN.

field and lowfield signals appeared as a triplet and a
doublet under N-H conditions. The % Jycnu of benzyl
protons (H,, and H,,) were 10.7 and about 2 Hz respec-
tively. Thus the conformation of the benzyl group takes
a particular preferred conformation. This is supported
by the analysis of the ethane segment of ethanediamine
of the five-membered chelate ring. The four protons of
the ethane segment of ethanediamine resonate as two
groups: one single proton resonate at lower field and
three protons resonate at a higher field. The simulation
showed that the equatorial proton, Hy4, resonated at the
field higher by 0.6 ppm than the equivalent proton of
[Co(CN)4(Eten)]~. This upfield shift must be caused by
the presence of the phenyl group. If the phenyl group
takes the anti conformation, the phenyl group will take
a position near to Hy in the chelate ring with fixed con-
formation.

The methylene region of the 'HNMR spectrum of
[Co(NHj3)4(Eten)]3* and its simulated spectrum are re-
produced in Fig. 5. The irradiation at the methyl signal
reduced the multiplets of CHy of N-ethyl group to an
AB quartet. The spectrum is rather complicated, but
the values listed in Table 5 gave the satisfactory simu-
lated spectrum shown in Fig. 5(B). Thus H,, and H,
resonated at different magnetic fields, though the differ-
ence in chemical shift was small (0.071 ppm) compared
to that of tetracyano chelate.

The 400 MHz 'H NMR spectrum of a D,O solution of

[Co(NH3)4(Been)]3* is shown in Fig. 6, along with the
simulation trace of the ethane segment. The chemical
shift and coupling constants are listed in Table 5. One
of the equatorial chelate ring protons shifts upfield as
the corresponding tetracyano complexes. The LAOCN
simulation shows that the upfield shifted proton is Hy.
The benzyl methylene resonated at 3.99 and 3.57 ppm.

The results of 'H NMR measurements of DMSO solu-
tions of [Co(NHz)4(Eten)]** and [Co(NH3)s(Been)]3+
are also listed in Table 5. The methylene protons of the
Eten complex appear as a quartet and the difference
in chemical shift between the two benzyl protons de-
creased compared with that in D,O solution. Solvents
influence the rotational barrier of N-CH, bond. A plau-
sible cause is the difference in ability of formation of the
hydrogen bond for N-H and for the solvents.

The entire signal pattern for the Fe(II) complex, [Fe-
(CN)4(Eten)]?~, is similar to that for the correspond-
ing Co(IIT) complex. Irradiation at the methyl signal
reduced the H,, and H,, signals to an AB quartet with
2] of —13.3 Hz, which is close to that for the Co(III)
complex. The couplings of H,, and H,, with NH ob-
served under NH conditions were also similar as the
corresponding Co(III) complex. The ethyl group of
the Fe(II) complex therefore takes an anti conformatlon
predominately.

The 'HNMR spectrum of the [Fe(CN)s(Eten)]™ is
shown in Fig. 7. The 'H resonances of Ho, H;, CHs, Hy,
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A. Similated spectrum for —CH—CH, part
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B. Similated spectrum for -CH,~CH, part
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C. Composite of A and B
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D. Observed spectrum
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Chemical shift / oom

Fig. 5. Methylene region of 400 MHz 'H NMR spectrum of [Co(NHz)4(Eten)]** in D20 (A) and its simulated spectrum
for CH,—CH3 and ethane segment.

Table 5. Chemical Shifts and Coupling Constants for the Ethylenediamine Segment of [M(L2)4(L1)]™t in D2O

M Li L 61 62 63 64 Jiz Jiz  Jua Joz Jaa Jzsa Sm On Jnn  JMe  OR
Co Eten CN 244 273 2.85 3.01 10.1 4.3 -122 -129 4.1 49 3.23 283 -—-136 7.2 124
Co Eten NHj 2.60 277 3.00 3.08 11.7 45 -136 -—-12.6 4.4 4.0 271 263 -129 71 135
Fe Eten CN 2.09 243 2.75 2.75 91 36 -134 -13.1 40 39 3.09 265 -133 7.1 1.15
Co Been CN 244 265 293 258 106 3.9 -—-122 -12.7 39 40 4.37 385 -—-13.8

Co Been NHj 261 267 295 256 12.1 46 -10.0 -10.8 4.5 24 399 3,57 -13.0

Co Meen CN? 246 2.69 293 296 105 4.7 -—-13.3 -13.1 45 4.0

Co Meen NHj a) 9267 277 294 296 122 46 —131 =132 46 25

Chemical Shifts of DMSO Solution
NH; NH; or NH CH; (ethanediamine) CH; - CHs

Co Eten NHj 3.61, 3.31, 3.22, 3.19 5.08, 5.03, 4.88 2.78, 2.74, 2.56, 2.46 2.47 1.20
Co Been NH3 3.86, 3.65, 3.40, 3.39 5.33, 5.16, 4.97 2.70, 2.52, 2.42, 2.19 3.70, 3.50

a) Ref. 3b.
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Fig. 6. Methylene region of 400 MHz 'HNMR spec-
trum of [Co(NH;z)4(Been)]®t in D20. A, observed.
B, simulated by the data listed in Table 5.
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Fig. 7. '"HNMR spectrum of [Fe(CN)4(Eten)]” gen-
erated in situ by oxidation of the corresponding Fe-
(IT) complex with NazS20sg in 0.01 M DCIL. s, solvent
(methanol or ethanol); x, probably due to the tetra-
cyanoferrate(IIl) of dehydrogenated Eten.

Hs, H,,,, and H,, appeared at 14.69, 9.63, —1.61, —3.20,
—6.86, —14.02, and —21.79 ppm with an area ratio of
1:1:3:1:1:1:1, respectively. The assignment was car-
ried out based on the linear relation between the time-
averaged chemical shift and the mole fraction of the
Fe(IIT) complex for the mixture of the Fe(Il) and Fe-
(IT) complexes,'® prepared by adding known amounts
of K3[Fe(CN)g] to [Fe(CN)4(Eten)]?~. The large differ-
ence in chemical shift between Hs and Hsz shows that
these protons locate mainly at axial and equatorial posi-

N-Alkylated Ethanediamine Metal Complexes

tion, but the difference between H; and Hy is small. The
large difference in chemical shift of 7.77 ppm between
H,, and H,, shows that these protons are located in
different environments. The CHj3 resonance was found
at —1.61 ppm, while [Fe(CN)4(N,N'-dimethylethanedi-
amine)]~ resonated at —17.4 ppm.'”

To confirm the structure of [Co(NHj3)4(Been)]3*, the
crystal structure of [Co(NHj)s(Been)](NO3)3-1.5H20
has been determined. The monoclinic crystal contained
two independent stereoisomers of the Co complex ions,
1 and 2. The benzylethanediamine is coordinated as a
bidentate ligand to the cobalt(III), which forms a reg-
ular octahedral structure. ORTEP drawings of the two
complex cations are shown in Fig. 8; they are almost
mirror images of each other, but are different in the
rotation angles about the C(3)-C(4) axis. The dis-
tances between Co and the primary amine nitrogens
are 1.978(7) and 1.945(6) A, while those between Co
and secondary amine nitrogen atoms are 2.016(7) and
1.998(8) A. The distances between Co and the am-
mine nitrogens are in the range between 1.952(7) and
1.992(8) A. The bite angles of N(1)-Co—N(2) are 86.2(3)
and 85.7(3)° for cations 1 and 2, respectively. On
the other hand, the bond angles of the N(2)-Co—N-
(3), where the benzyl substituent extends, are widened
to 94.9 and 93.4°. The presence of the substituent
causes a slight widening of the bond angles around N(2):
N(6)-Co-N(2), 92.2° for 1 and N(5)-Co-N(2), 92.2° for
2. The bond angles of Co—-N(2)-C(3) are close to 120° :
118.1(5)° and 121.7(6)° for 1 and 2, respectively, while
the Co—N(2)-C(2) take angles narrower than the tetra-
hedral value: 106.0(5) and 107.5(6) for 1 and 2, while
the remaining C(2)-N(2)-C(3) angles have intermediate
angles: 113.3(6) and 118.8(8)°.

The planes of the phenyl rings tilted by 23.6° and
15.9° from the plane defined by four nitrogen atoms,
consequently the ethane segments extend from N(2) to
N(1), in the direction nearly perpendicular to the phen-
yl ring plane. The Co-N(2)-C(3)-C(4) torsion angles
are 178.7(6) and —178.7(6)°; thus the benzyl groups
take anti conformation, as was drawn in Fig. 1. The
two benzyl hydrogens (H(8) and H(9)) have equivalent
positions with respect to the phenyl ring, but H(8) of
1 and H(29) of 2 have characteristics of anti to the
N-H hydrogens of the secondary amine and axial with
respect to the five-membered chelate ring. Thus the
two hydrogens resonate in different magnetic fields and
the upper field protons have a large coupling constant
with the N-H protons. The torsion angles for N(1)-C-
(1)-C(2)-C(3) are 50.4(8)° and —35(1)° for 1 and 2,
respectively.

This work has been supported by a Grant-in-Aid for
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