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X-ray crystal structures of trans-(10-amino-3,7-
diazadecanoato)dinitrocobalt(III) hydrate,
mer(N)-(9-amino-3,7-diazanonato)
dinitrocobalt(III) sesquihydrate, mer(N)-{ V-
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dinitrocobalt(IIl) hydrate and mer-(1,6-diamino-3-
azahexane)trinitrocobalt(I11I)
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Abstract—X-ray structure analyses have been made on single crystals of trans-[Co(3,3-ma)(NO,),] - H,O (1),
mer(N)-[Co(2,3-ma)(NO,),] - 1.5H,0 (2), mer(N)-[Co(i-2,3-ma)(NO,),} - H,O (3) and mer-[Co(NO,), (2,3-tri)]
(4) ; where H(3,3-ma) stands for 10-amino-3,7-diazadecanoic acid H,NCH,CH,CH,.NHCH, CH,CH,NHCH,
COOH, H(2,3-ma) for 9-amino-3,7-diazanonanoic acid H,NCH,CH,NHCH,CH,CH,NHCH,COOH, H(-
2,3-ma) for N-(2-aminoethyl)-N-(3-aminopropyl)glycine (H,NCH,CH,)N(CH,CH,CH,NH,)CH,COOH and
2,3-tri for 1,6-diamino-3-azahexane. 1, 3 and 4 crystallize as a racemate in a monoclinic space group P2,/n, 2
as a racemate in a triclinic space group P1. In 1, the two nitro ligands coordinate to cobalt(II) at the zrans
position of the octahedron. In 2, 3 and 4, the polydentates coordinate to cobalt(III) with their three amino
nitrogen atoms on a meridian of the octahedron. In these complexes, the trimethylenediamine rings assume
the chair structure and the nitro ligand planes are anchored by intermolecular and intramolecular hydrogen
bonds to amine protons or to protons of the water of crystallization. © 1997 Elsevier Science Ltd

Keywords: crystal structure ; dinitrocobalt(II1) complex ; 9-amino-3,7-diazanonatocobalt(III) ; 10-amino-3,7-
diazadecanoatocobalt(IIl) ; N-(2-aminoethyl)- N-(3-aminopropyl)glycinatocobalt(IIT).

Cobalt(III) complexes have been extensively studied
this century with variation of ligands occupying the
coordination octahedron. However, cobalt(IIl) com-
plexes with uninegative quadridentate ligands have
not been studied as much. Only those with 1-dtma, i-
dtma, 1-dtmp and 4-dtmp have been studied ; where
we abbreviate 8-amino-3,6-diazaoctanoic acid as H(1-
dtma) [1], N,N-bis(2-aminoethyl)glycine as H(i-dtma)
[2], 9-amino-4,7-diazanonanoic acid as H(1-dtmp),
and N,N-bis(2-aminoethyl)-#-alanine as H(4-dtmp)
[3]. From this viewpoint, we have projected to study
cobalt(I1T) complexes with further variation of ligands
of this type. We have recently described the prep-

* Author to whom correspondence should be addressed.

arations and the X-ray structure analyses for cobalt-
(III) complexes bearing uninegative tripod
quadridentate 5-dptma, where we abbreviate N,N-
bis(3-aminopropyl)glycine as H(5-dptma) [4,5]. In the
present report, we describe the preparations and the
X-ray structure analyses for dinitrocobalt(III) com-
plexes bearing uninegative quadridentate ligand ; lin-
ear 10-amino-3,7-diazadecanoate H,NCH,CH,CH,
NHCH,CH,CH,NHCH,COO~ (3,3-ma), linear 9-
amino-3,7-diazanonanoate H,NCH,CH,NHCH,CH,
CH,NHCH,COO~ (2,3-ma) or tripod N-(2-amino-
ethyl)-N-(3-aminopropyl)glycinate (H,NCH,CH,)N
(CH,CH,CH,NH,)CH,COO~  (i-2,3-ma): trans-
[Co(3,3-ma)(NO,),]- H,O (1), mer(N)-[Co(2,3-ma)
(NO,);]*1.5H,0 (2) and mer(N)-[Co(i-2,3-ma)
(NO,),] - H,O (3). In the preparative trial for 2, we
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Cobalt(IIT) complexes with uninegative quadridentate ligands

have obtained unexpectedly mer-[Co(NO,);(2,3-
tri)] (4), where we abbreviate 1,6-diamino-3-aza-
hexane as 2,3-tri. We also describe the X-ray structure
analysis for 4, since it has not been reported hitherto.
We are interested in the molecular structures of 1, 2
and 3 with new quadridentate ligands. We are also
interested in the crystallization behaviours of these
complexes from the viewpoint that a dinitro-
cobalt(III} complex often crystallizes as a con-
glomerate (homochiral crystals) [6].

EXPERIMENTAL
Trans-[Co(3,3-ma)}(NO,),] - H,0 (1)

A mixture of chloroacetic acid (41.4 g, 0.44 mol),
NaOH (35.2 g, 0.88 mol) and water (100 cm®) was
combined with a mixture of 3,3-tri (52.5 g, 0.4 mol)
and water (100 cm®), where we abbreviate 1,7-diam-
ino-4-azaoctane as 3,3-tri. In these procedures, the
temperature was kept below 20°C using an ice bath.
The solution was refluxed at 140°C for 8 days. A
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mixture of CoCl,-6H,0 (96 g, 0.4 mol), NaNQ, (69
g, 1 mol) and water (100 cm®) was oxidized by air-
bubbling, while the above-mentioned solution and
acetic acid (24 g, 0.4 mol) were added alternatively
little by little to the mixture. It was oxidized by air-
bubbling for additional 4 h. The resultant orange-
yellow solid (48 g) was separated and washed with
ethanol and ether. This powder substance (5 g) was
dispersed in boiling water (100 cm®) and the dispersion
was stirred for 10 min. Insoluble yellow solid was
removed and the filtrate was kept in a refrigerator for
2 days. A red—orange solid (1.7 g) was obtained and
recrystallized from water in a refrigerator. Found : C,
27.2; H, 5.7; N, 198. Calc.: C, 269; H, 57; N,
19.6%. A portion of this batch was recrystallized
again from water in a refrigerator. One crystal was
picked out therefrom and used for the X-ray analysis.

Mer(N)-[Co(2,3-ma)(NO,),] - 1.5H,0 (2)

This red—orange solid substance was prepared anal-
ogously to 1, where 2,3-tri (46.8 g, 0.4 mol) was used

02
Fig. 1. Molecular structure of trans-[Co(3,3-ma)(NO,),]H,O (1) and the atomic numbering system.
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Fig. 2. Molecular structure of mer(N)-[Co(2,3-ma)(NO,),] - 1.5H,0 (2) and the atomic numbering system.

07

@'l@xz

H18

Fig. 3. Molecular structure of mer(N)-[Co(i-2,3-ma)(NO,),] - H,O (3) and the atomic numbering system.
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Fig. 4. Molecular structure of mer-[Co(NO,);(2,3-tri)] (4) and the atomic numbering system.
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instead of 3,3-tri. Found: C, 23.9; H, 4.6; N, 19.5.
Calc.: C,239;H,4.5; N, 19.9%.

Mer(N)-[Co(i-2,3-ma){NO,),]JH,O (3)

This brown solid substance (42 g, 0.12 mol) was
prepared analogously to mer(N)-[Co(5-dptma)
(NO,),] (5) using 2,3-tri (100 g, 0.85 mol) instead
of 3,3-tri [4]. It was recrystallized from water in a
refrigerator. Found: C, 24.5; H, 5.3; N, 19.7. Calc.:
C,24.5;H,5.3; N, 20.4%.

Mer-[Co(NO,);(2,3-tri)] (4)

This yellow solid substance was obtained in the
preparative trial for 2, where the reflux was carried
out at 140°C for 5 h. It was recrystallized from boiling
water in a refrigerator.

CAUTION! Although we have experienced no
difficulty with the cobalt(IIT) complexes reported here,
these should be regarded as potentially explosive and
handled accordingly.

Structure determinations were carried out as
described elsewhere [2]. The refinement details are
shown in Table 1. In the case of 2, the temperature
factor for O(8) is larger (9.0). We interpret this value
as an indication that this water of crystallization is
partly lacking, which is consistent with the analytical
result of sesquihydrate.

RESULTS AND DISCUSSION

The preparative courses for 1 and 2 are analogous
to that for [Co(l-dtma)(NO,),] [7]. Although we
could not isolate the quadridentate ligand acid H(3,3-
ma), H(2,3-ma) nor H(i-2,3-ma) the dinitro com-
plexes 1, 2 and 3 were obtained owing to their sparse
solubility in water. The reaction velocity between chlo-
racetic acid and 3,3-tri or 2,3-tri is slow. The ligand
3,3-ma or 2,3-ma is formed after reflux at 140°C for 8
days. Thus, in the preparative trial for 2, insufficient
reflux led to the formation of 4. The yellow by-product
in the procedure for 1 may consist of [Co(NO,);(3,3-
tri)] and that in the procedure for 2 may consist of 4.
These impurities were removed owing to their sparse
solubility in boiling water.

The molecular structures of 1, 2, 3 and 4 are shown
in Figs 1, 2, 3 and 4 respectively with atomic num-
bering systems. The bond lengths and angles are tabu-
lated in Tables 2 and 3. The hydrogen bonds are listed
in Table 4. In 1, and 3,3-ma quadridentate coordinates
to cobalt(Ill) with its four coordinating atoms
approximately on one plane. In 2, 3 and 4, the poly-
dentate coordinates to cobalt(IIl) with the three
amine nitrogen atoms on a meridian of the octa-
hedron.
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Table 2. Bond lengths (A) and angles (°) for 1,2 and 3

1 2 3
Co—O0(1) 1.912(2) 1.927(2) 1.912(2)
Co—N(1) 1.972(2) 1.968(3) 2.011(3)
Co—N(2) 1.999(2) 1.970(3) 1.966(3)
Co—N(3) 1.969(2) 1.942(3) 1.960(3)
Co—N(4) 1.934(2) 1.906(3) 1.938(3)
Co—N(5) 1.987(2) 1.928(3) 1.930(3)
o(H)—C(1) 1.292(3) 1.284(4) 1.285(4)
0(2)—C(1) 1.216(3) 1.233(4) 1.226(4)
N(1)—C(2) 1.482(3) 1.481(4) 1.491(4)
N(1)—C(3) 1.484(3) 1.494(4) 1.505(4)
N(1)—C(5) 1.494(4)
NQ)—C4) 1.479(4)
N(2)—C(5) 1.491(3) 1.489(4)
N(2)—C(6) 1.498(3) 1.485(4)
N(3)—C(7) 1.480(5) 1.486(4)
N(3)—C(@®) 1.480(3)
C(1)—CQ) 1.581(4) 1.516(5) 1.516(5)
C(3)—C@) 1.506(4) 1.503(5) 1.514(5)
C@—C(5) 1.513(4) 1.505(6)
C(5)—C(6) 1.511(5)
C(6)—C(7) 1.505(4) 1.500(5) 1.510(5)
C(NH—C(®) 1.499(4)
0(3)—N(@@) 1.232(3) 1.231(4) 1.237(4)
0(4)—N(4) 1.228(3) 1.235(4) 1.228(3)
O(5)—N(5) 1.233(3) 1.238(4) 1.212(4)
O(6)—N(5) 1.2293) 1.227(4) 1.227(4)
O(1)—Co—N(1)  85.1(8) 86.3(1) 86.1(1)
O()—Co—N(2)  174.6(8) 90.1(1) 89.2(1)
O(1)—Co—N(3)  842(8) 88.2(1) 89.2(1)
O(H)—Co—N(4)  91.4(9) 175.6(1) 175.7(1)
O()—Co—N(5)  85.7(8) 87.6(1) 86.5(1)
N(1)—Co—N(Q)  93.5(9) 92.3(1) 85.8(1)
N(1)—Co—N(3)  169.0(9) 174.1(1) 93.3(1)
N()—Co—N@#)  92.7(9) 94.0(1) 98.0(1)
N(I)—Co—N(5)  87.9(9) 91.11) 171.9(1)
N(2)—Co—N@3)  96.9(9) 85.8(1) 178.3(1)
N(2)—Co—N{#)  93.9(9) 94.3(1) 90.1(1)
N(2)—Co—N(5)  89.0(1) 175.8(1) 90.7(1)
N(3)—Co—N(4)  90.8(9) 91.7(1) 91.5(1)
N(3)—Co—N(5)  88.5(9) 90.6(1) 90.0(1)
N(#)—Co—N(5)  176.9(9) 88.0(1) 89.3(1)
Co—O()—C(1)  116.9(2) 114.6(2) 116.8(2)
Co—N(1)—C(2)  108.8(2) 108.9(2) 107.4(2)
Co—N()—C(3)  120.3(2) 118.7(2) 105.4(2)
Co—N(1)—C(5) 115.9(2)
CQ)—N1)—C@3) 112.0Q2) 112.3(3) 109.0(2)
C(2)—N(1)—C(5) 110.3(2)
C3)—N(1)—C(5) 108.5(3)
Co—N(2)—C(4) 111.2(2)
Co—N@2)—C(5)  116.8(2) 118.5(2)
Co—N(2)—C(6)  118.6(2) 109.3(2)
C(5)—N(@2)—C(6) 107.1(2) 111.5(3)
Co—N(3)—C(7) 109.6(2) 122.4(2)
Co—N(3)—C(8)  123.9(2)
Co—N#)—O0(3)  120.02) 121.6(2) 120.7(2)
Co—N(#—O04)  120.7(2) 119.0(2) 120.4(2)
0(3)—N(#)—0#) 119.3(2) 119.5(3) 118.8(3)
Co—N(5)—O0(5)  120.3(2) 121.2(2) 120.1(3)
Co—N(5)—O0(6) 121.8(2) 119.8(2) 121.5(2)
O(35)—N(5)—O0(6) 117.8(2) 119.0(3) 118.4(3)
O(1)—C(1)—0(2) 123.9(2) 124.3(3) 124.4(3)
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Table 2.—Continued
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Table 3. Bond lengths (A) and angles (°) for 4

0(1)—C(1)—C(2) 115.1(2) 116.2(3) 116.1(3)
0(2)—C(1)—C(2) 121.0(3) 119.5(3) 119.5(3)
N()—C(@2)—C(1) 111.3(2) 111.5(3) 113.13)
N(1)—C(3)—C(4) 110.0(2) 113.8(3) 107.8(3)
N(2)—C(4)—C(3) 108.1(3)
N(1)—C(5)—C(6) 114.4(3)
C(5)—C(6)—C(7) 113.8(3)
C(3)—C(4)—CG) 113.6(2) 114.7(3)
NQ2)—C(5)—C(4) 114.02) 111.9(3)
N@)—C(6)—C(7) 114.7(2) 107.1(3)
C(6)—C(H—C(8) 112.8(3)

N(3)—C(7)—C(6) 107.6(3) 112.3(3)
NG3)—C(8)—C(7) 111.8(2)

1, 2, 3 and 4 crystallize in space groups with a center
of symmetry as racemates. For the positively charged
dinitrotetraamine cobalt(III) complexes, it has been
pointed out that intramolecular hydrogen bonds
between the nitro ligands and the adjacent amine pro-
ton lead to conglomerate formation, whereas blocking
of such hydrogen bonds by counter anions leads to
racemate formation [6]. The complexes 1, 2, 3 and 4
are nonelectrolyte and therefore lacks counter anion.
In these, the nitro ligand planes are anchored by inter-
molecular or intramolecular hydrogen bonds to amine
protons or to proton of the water of crystallization
(Table 4). Thus, among seven hitherto known non-
electrolyte cobalt(ILl) complexes with dinitro and tri-
nitro ligands 1, 2, 3, 4, 5, mer-[Co(NO,),(dien)} (6)
and mer-[Co(NO,);(NH,);], only the last one crys-
tallizes as a conglomerate, where we abbreviate 1,5-
diamino-3-azapentane as dien [5,8,9].

The coordination octahedrons of 1, 2, 3 and 4 are
deformed more or less. The Co—amine bond dis-
tances in these complexes are distributed in the range
1.9-2.0 A and are normal or within the experimentally
found values for Co—amine bonds in analogous
cobalt(IIT) complexes [ 1,2,3,5,6,8,9,10]. In 1, the
Co—N(1) distance is approximately equal to the
Co—N(3) distance and is shorter than the Co—N(2)
distance: Co—N(1)=Co—N(3) < Co—N(2). In 2,
Co—N(@3) < Co—N(1)=Co—N(2): in 3, Co—N-
(2)=Co—N(3) < Co—N(1) and in 4, Co—N-
(2) < Co—N(3) < Co—N(1). The Co—N(O,) bond
distances are distributed in the range 1.9-2.0 A and
are normal [5,6,8,9,10]. In 1 and 2, Co—N-
(4) < Co—N(5); in 3, Co—N(4)=Co—N(5). In 4,
Co—N(5) < Co—N(6) < Co—N(4). The short
Co—N(0,) distance trans to the secondary amine has
been also observed in 6 [8]. The Co—O (car-
boxymethyl) bond distances about 1.9 A in 1, 2 and
3 are normal [1,2,3,5]. All the trimethylenediamine
chelate rings in these complexes assume the chair con-
formation with normal N—Co—N angle 93-97°
[5,10]. The N—Co—N angle about 85° for the ethy-
lenediamine chelate rings in 2, 3 and 4 are also normal
[1,2,3,6,8,10]. Thus, the N(2)—Co—N(3) angle

Co—N(1) 1.998(3)
Co—N(2) 1.943(4)
Co—N(3) 1.965(4)
Co—N(4) 1.951(4)
Co—N(5) 1.926(4)
Co—N(6) 1.934(4)
N()—C(1) 1.493(5)
N()—C(3) 1.472(6)
N(2)—C(2) 1.471(5)
NG3)—C(5) 1.486(6)
C(H—CQ) 1.510(7)
C3)—C(4) 1.504(7)
C(4)—C(5) 1.499(7)
O(1)—N(4) 1.239(5)
0(2)—N(4) 1.228(5)
O(3)—N(5) 1.202(5)
O(4)—N(5) 1.200(5)
O(5)—N(6) 1.228(5)
0(6)—N(6) 1.224(5)
N(1)-~Co-~N(2) 84.6(2)
N(1)—Co—N(3) 92.5(1)
N(1)—Co—N(4) 89.9(1)
N(1)—Co—N(5) 174.6(2)
N(1)—Co—N(6) 95.0(2)
N(2)—Co—N(3) 176.7(2)
N(2)——Co—-N(4) 88.9(2)
N(2)—Co—N(5) 90.8(2)
N(2)—Co—N(6) 90.7(2)
N(3)—Co—N(4) 89.5(2)
N(3)—Co—N(5) 92.1(2)
N(3)—Co—N(6) 91.1(2)
N(4)—Co—N(5) 87.3(2)
N(4)—Co—N(6) 175.0(2)
N(5)—Co—N(6) 87.7(2)
Co—N(1)—C(1) 109.1(3)
Co—N(1)—C(3) 118.8(3)
C(H—N(1)—C(3) 111.9(4)
Co—N(2)—C(2) 111.7(3)
Co—N(3)—C(5) 121.13)
Co—N4)—0(1) 120.3(3)
Co—N(4)—0(2) 121.6(3)
O(1)—N(#)—O0(2) 118.1(8)
Co—N(5)—0(3) 119.6(4)
Co—N(5)—0(4) 122.3(4)
0(3)—N(5)—0(4) 118.1(5)
Co—N(6)—0(5) 121.5(3)
Co—N(6)—O(6) 120.3(3)
0O(5)—N(6)—O(6) 118.1(4)
N(1)—C(DH—C(2) 107.1(3)
N(@2)—C(2)—C(1) 106.9(4)
N(1)—C(3)—C(4) 111.3(4)
C(3)—C#)—C(5) 114.3(4)

N@3)—C(5)—C&) 111.1(4)

(177°) in 4 contrasts with the corresponding angle
(170°) in 6 [8]. The O(1)—Co—N(1) angle about 86°
of the glycinato chelate rings in 1, 2 and 3 are normal
[1,2,5]. The water molecule of crystallization forms
two strong hydrogen bonds in 1 and 2, and weak
hydrogen bond in 3.
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Table 4. Hydrogen bond distance (A)

. Shibata, A., Kitamura, Y. and Tanabe, Y., Poly-
hedron, 1996, 15, 1225.

1 2 3 4
Intermolecular
0(5)--- H(4)—N(3) 2.98* 0(2)---H(17)—0(7) 2.80° O(2)-- H(18)—0O(7) 2.87¢ O(6) - - - H(6)—N(2) 3.23¢
0(2) - - H(19)—0(7) 2.79°  0(2)---H(19)—O(8) 2.82¢ O(7) - - - H(3)—N(3) 3.06“
O(3) - - -H(1)—N(1) 3.52* O(4)---H(3)—N(1) 2.99
0(6) - - H(19)—O(8) 2.96
Intramolecular
O(1)---H(20)—0O(7) 2.83* 0O(3)---H({15)—N(3) 2.87 0O(@3)---H(2)—N(2) 2.77 O(1)---H(14)—N(3) 2.78
O(5)---H(1)—N(1) 2.73 0O(4)---HB)—N(1) 2.93 O(5)---H(1)—N(2) 2.72 0O(2)--- H(7)—N(2) 2.80
O(6) - -- H(3)—N(3) 2.75 O(5)---H(3)—N(1) 2.83 0O(6) - --H(3)—N(3) 2.73 O(3) --H(NH—N(2) 2.711
0O(6) - - - H(16)—N(3) 2.80 O(6) - -- H(17)—O(7) 3.10¢ O(4)---H(15—N(3) 2.81
O(7) - - - H(10)—N(2) 2.86 0O(5) - -H(6)—N(2) 2.82
0(8) - - H(18)—O(7) 2.71¢
“The three atoms align approximately on one line.
REFERENCES 5. Kitamura, Y., Azuma, N. and Ozawa, T., Poly-
hedron, 1997, 16, 1739.
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