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(1,8-N-Disalicylidene-3,6-diazaoctane-1,8-diamine)cobalt(III) chloride hydrate (la; x,y,z: 2,2,2),

CH=N(CH,),NH(CH,),NH(CH,),N=-HC
[Co ("/\I/ ( ) ( )yNH(CH,) \"/\)J Cl.H,0,
N\ O (074 \/

(1,9-N-disalicylidene-3,7-diazanonane-1,9-diamine)cobalt(III) chloride (2a; x,y,z: 2,3,2), (1,10-N-disalicylidene-
4,7-diazadecane-1,10-diamine)cobalt(III) chloride (3a; x,y,z: 3,2,3), and (1,11-N-disalicylidene-4,8-diazaundecane-
1,11-diamine)cobalt(III) chloride hydrate (4a; x,y,z: 3,3,3) have been isolated from a reaction mixture of [CoClzL]-
Cl-nHz0 (L: quadridentate amine), AgOH, and salicylaldehyde or from one of quadridentate amine, salicylal-
dehyde, CoClz-6H20 and air, and characterized. The 'H and !3C chemical shifts of their amine protons, meth-
ylene protons, and methylene carbons have been assigned. The configurations of la and 2a are the trans,cis-
(mfam) configuration for the two CH=N- and two phenoxyl groups of the coordinated N,N’-disalicylidene-
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substituted quadridentate amine ligands.
configuration.

Previously, we have been concerned with the pre-
paration and properties of isomers of the mixed
ligand complexes of the [CoNe-nOnx] type, e.g., the
diamminebis(salicylideneaminato)cobalt(III) com-
plexes,D

HN-=-H
[CO( C\“/\|)2 (NHa)z]X -nH,0,
o\

and salicylato(quadridentate amine)cobalt(III) com-
plexes,2=® [Co(sal-R)L]X.-nH20 (R: H, Me; L: 2,2,2-
tet, 2,3,2-tet, 3,2,3-tet, and 3,3,3-tet). Three isomers of
the former complexes have been isolated; their con-
figurations are the trans,trans,trans-, trans,cis,cis-,
and cis,trans,cis-positions for the two ammine
ligands, two CH=NH, and two phenoxyl groups of
the coordinated salicylideneaminato ligands respec-
tively. In the latter complexes, the cis-B8; and B2 iso-
mers have been isolated, and the H and 3C chemical
shifts of their amine protons,® center methylene, and
NH3z- and NH-side methylene protons and carbons®
have previously been assigned. The assignments of
the =N-side methylene protons and carbons have,
however, so far remained unsolved.

Many investigations of metal complexes (metal:
Cull, Coll, Nill, Alll, Ga!ll, Mn!11, Felll, Coll) with
the N,N’-disalicylidene-substituted quadridentate
amine ligand,

/\/CH=N(CH,),NH(CH,) yNH(CHz)zN=HC\"/\
|

Lo oA

On the other hand, complexes 3a and 4a have the cis,trans(fmaf)

(x,9,z: 2,2,2), have been reported, especially with re-
gard to their preparation,®® IR spectra,5® magnetic
susceptibility,8® and geometrical isomerism,? but the
NMR spectra have never been reported. These metal
complexes have a trans,cis(mfam)10.1) configuration
for the two CH=N and two phenoxyl groups, but com-
plexes with a trans,cis(fs), cis,trans(fmaf) or cis,cis-
(famf or fmf2)10:1) configuration have never been
described except for iron complexes!? with the N,N’-
disalicylidene-substituted quadridentate amine li-
gand (x,y,zz 3,2,3 and 3,3,3), which has the cis,-
trans(fmaf) configuration. Even now, the metal
complexes with the N,N’-disalicylidene-substituted
quadridentate amine ligand (x,y,z: 2,3,2) have not yet
been reported. In addition, very little is known of the
properties and general chemistry of the metal com-
plexes with the ligands of x,y,z: 2,3,2; 3,2,3 and 3,3,3,
in contrast with the large amount of information
available on the complexes with the ligand of x,y,z:
2,2,2. The present paper deals with the preparation
and properties of the cobalt(III) complexes with the
N,N’-disalicylidene-substituted quadridentate amine
ligand (x,y,z: 2,2,2; 2,3,2; 3,2,3 and 3,3,3); it also deals
with the assignments of the configurations of the
isomers and of the 'H and 13C chemical shifts of the
=N-side methylene protons and carbons.

Results and Discussion

The (N,N’-disalicylidene-substituted quadridentate
amine)cobalt(III) chloride hydrates, 1a, 2a, 3a, and 4a
(Scheme 1), have been isolated from a reaction mix-
ture of [CoCl2L]Cl-nHz0 (L: quadridentate amine),
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CH=-N(CH,),NH(CH,),NH(CH,),N-H
[ II/\I/ (CHy) (CH,),NH(CH,) C\|/\u):|01.nH,O

Ix, I z

\x, ) 2z

1a
2a

2 2 2
2 3 2

Scheme

AgOH, and salicylaldehyde or from one of quadri-
dentate amine, salicylaldehyde, CoClz.6H20, and
air. The corresponding nitrates (1b, 2b, 3b, 4b)
and picrates (lc, 2c, 3c, 4c) have been prepared from
a reaction mixture of silver nitrate or picric acid and
la, 2a, 3a, or 4a, respectively.

The electric conductivities of 1a, 2a, 3a, and 4a in
aqueous solutions were 97—103 S cm2 equiv-!. The
IR spectra of these complexes showed a strong peak
for CH=N stretching8:? at ca. 1620 or ca. 1640 cm™!
and three strong peaks for C-N stretching®? in the
1126—1208 cm~! region. The absorption spectra of
la and 3a are closely similar to those of 2a and 4a
respectively, as is shown in Fig. 1 and Table 1. The
absorption bands at 388—403 nm and at about 590
nm or 628nm are assigned to the charge-transfer
band!®-1® and the first absorption band (1Ti«!Aj,
in an O, approximation) respectively.

The 'H NMR spectra of all the complexes were
measured in dimethyl sulfoxide (DMSO-ds) or
MeOH-d4, while the 13C NMR spectra of la, 2a, 3a,
and 4a were measured in D:O. Their spectra sug-
gested a Cz symmetry, as is shown in Fig. 2. The
1H NMR spectra of 1c and 3c aré similar to those of
2c and 4c respectively. The signals at 6 1.3—4.3 are
assigned to the methylene protons of the coordinated
N,N’-disalicylidene-substituted quadridentate amine
ligand (abbreviation: sexidentate ligand). The sig-
nals at 8 4.6—6.0 are assigned to the NH protons.
The multiplet signals at 8 6.2—7.4 are assigned to the
ring protons. The signals at § 7.6—8.4 are assigned
to the CH=N protons. The lowest signals are
assigned to the picrate protons. The methylene-
proton signals of 1c and 2c can be divided into three
or four groups at the é 1.7—2.1, 2.2—2.8, 2.8—3.1,
and 4.2—4.3 regions. The signal at § 1.7—2.1 of 2c is
assigned to the center methylene protons (NHCH2CHo-
CH:NH), while the signals at § 2.2—2.8 and
2.8—3.1 of 1c and 2c are assigned to the NH-side
methylene protons (=NCH2CH:NHCHz:-) of the
coordinated sexidentate ligands by comparison with
those of salicylato(quadridentate amine)cobalt(III)
chloride hydrate, [Co(sal)L]Cl-nH20 (5), (L: 2,2,2-tet;
2,3,2-tet; 3,2,3-tet and 3,3,3-tet), previously reported.?
Thus, the signals at 8§ 4.2—4.3 of 1c and 2c¢ have been
assigned to the =N-side methylene protons (=NCHz.-
CH:NH) of the coordinated sexidentate ligands. In
the NH-side methylene-proton signals of 2¢c, the

3a
4a

1.

3 2 3
3 33

log (¢/cm~! mol~! dm?)

20

)
«

A/nm

Fig. 1. The electronic absorption spectra of la, 2a, 3a,
and 4a complexes in methanol.
1a: [Co(sal,2,2,2-tet)]Cl- H,O, 2a: [Co(sal,2,3,2-tet)]-
Cl, 3a: [Co(sal3,2,3-tet)]Cl, 4a: [Co(sal,3,3,3-tet)]-
Cl-H,O0.

intensity ratio of two methylene-proton signals at 8
2.35 and 2.86 is 6:2; i.e., the two methylene protons
at 6 2.86 are overlapped with those at 8 2.35 because
of the influence of C-5 center methylene. Therefore,
the signals at 8 2.35 and 2.86 of 2c can be assigned to
the C-3, C-7 methylene protons (cf. Table 2) and the
C-4, C-6 methylene protons respectively. The signals
at 8 2.3—3.6 of 3c and 1.4—3.9 of 4c are difficult to
assign to the individual methylene protons. The
13C NMR spectra of la, 2a, 3a, and 4a showed 3—5
signals for the quadridentate amine carbons at § 20—
60 and 7 signals at 6 117—170 for the salicylidene
carbons, as is shown in Fig. 2. The chemical shifts
of the center methylene carbons at 6 20—31, the
NH-side methylene carbons at 45—54, and the ring
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TABLE 1. SOME PHYSICAL PROPERTIES OF COMPLEXES
IR spectra Absorption bands Electric conductivit
Z : Yy
OoI{Ir:)plex cm-! in methanol Doec;z%p of aqueous solutions
. m 2 iv-1
C=N:. C-Nir. A/nm (¢/cm—! mol~! dm3) S cm?® equiv
la 1642 1204 1150 1129 388(5200) 470sh{ 615) 590(155) 236—238 97
1b 1642 1198 1150 1128 388(4900) 470sh( 580) 590(145) 230—233
1c 1640 1202 1152 1128 590(158) 284—285
2a 1642 1199 1146 1128 388(5200) 470sh( 566)  590(208) 241—242 103
2b 1644 1200 1149 1129 388(5000) 470sh( 546)  590(200) 236—238
2¢ 1644 1198 1148 1128 590 (209) 226—228
3a 1621 1206 1146 1130 398(4610) 430sh(3270) 628(159) 289—291 103
3b 1620 1206 1144 1128 398(4590) 428sh(3230) 628(157) 303—305
3¢ 1621 1210 1148 1130 628 (160) 265—268
4a 1620 1208 1148 1126 403 (4600) 427 sh(3200) 627(135) 256—258 100
4b 1620 1208 1148 1125 403 (4550) 427 sh(3160) 628(132) 275—2717
4c 1620 1205 1142 1121 628 (136) 236—238
AN dioxane
s \ (lc) (la)
(2¢) @n (20)
Lo
_J | J U |
(3¢) (3a)
_ |~ [
(40) Ednac (4a)
/ -0
_J____JU W A N | 1,
$ & 7 3 5 4 3 % i ’ 740 10O €% 20
é é

Fig. 2. The 'H and ¥*C NMR spectra of complexes.

la: [Co(sal2,2,2-tet)]Cl- H,O, 1lc: [Co(saly2,2,2-tet)]pic, 2a: [Co(sal,2,3,2-tet)]Cl 2c: [Co(sal,2,3,2-tet)]pic,
3a: [Co(sal;3,2,3-tet)]Cl, 3c: [Co(saly3,2,3-tet)]pic, 4a: [Co(sal,3,3,3-tet)]Cl- H,O, 4c: [Co(sal,3,3,3-tet)]pic.

carbons were assigned on the basis of the results
of 59 and salicylato(tetraammine)cobalt(III) chloride
monohydrate,'® [Co(sal)(NH3)4]Cl-H20 (6), as is
shown in Table 2. Thus, the signals at ca. 6 60
have been assigned to the =N-side methylene car-
bons of the coordinated sexidentate ligands. The

chemical shifts of the =N-side methylene protons
and carbons are lower than those of the NH-side
methylene protons and carbons respectively. There-
fore, the order of the 'H and 8C chemical shifts
of the center, NH2-,® NH-, and =N-side meth-
ylene protons or carbons is as is shown in Scheme 2;
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=NCH,(CH,),CH,NH < NH,,CH,(CH,),CH,NH < NH,CH,CH,NH < NH,CH,CH,CH,NH

=N-side methylene
protons (or carbon)

<=NCH,CH,CH,NH < NHCH,CH,CH,NH < NH,CH,CH,CH,NH
center methylene protons (or carbon)

NH-side methylene
protons (or carbon)

NH,-side methylene protons (or carbon)

Scheme 2.

frans,Cis (mfam)

trans,cis (f4)

(m:O, 1 or 2
n:0orl
C D

cis,Cis (fomf or fmfy)

cis,trans (fmyf)

Fig. 3. The configurations of (N,N’-disalicylidene-substituted quadridentate

amine)cobalt(III) complexes.

Complexes la, 2a, 3a, and 4a have four isomers of
A, B, C, and D, as is shown in Fig. 3. The configura-
tions of A, B, and D have a Cz symmetry, while the
configuration of C has a C; symmetry. The IR, 'H,
and 3C NMR spectra of Complexes la, 2a, 3a, and
4a are suggestive of a Cz symmetry;!3:15.17.18 ;¢ the
isomers of these complexes can be assigned to the A,
B, or D configurations. A clear distinction between
one group of la, 2a complexes and the other group of
3a, 4a complexes was found in the color, solubility,
IR, electronic absorption, NMR spectra, and the
Dreiding stereo model. la and 2a are brown, while
3a and 4a are green. Complexes la and 2a are very
soluble in DMSO, though 3a and 4a are only slightly
soluble. The C=N stretching signals (at 1642 cm™! for
la and at 1620cm™! for 3a) in the IR spectra, the
electronic absorption bands (at 388, 470, and 590
nm for la and at 398, 430, and 628 nm for 3a),
and the methylene-proton signals, the CH=N proton
signals (at 6 84 for la and at & 7.6 for 3a),
and the ring-proton signals (multiplet, triplet,
and doublet signals for la and triplet, doublet,
and multiplet signals for 3a) of the 'H NMR
spectra of la and 3a are closely similar to those
of 2a and 4a respectively, as is shown in
Tables 1 and 2. In the Dreiding stereo model, the
methylene-loop rings of the coordinated sexidentate
ligands of former complexes show that the A
isomer® is not strained, though the other isomers, B
and D, are greatly strained. Thus, the com-
plexes of the former group are assigned to the
A isomer, which has a trans,cis(mfzm)9-19 config-
uration® for the two CH=N and two phenoxyl
groups. On the other hand, in the methylene-loop
rings of the latter complexes, the A, B, and D

isomers are not strained, though the methylene
protons of the methylene-loop ring of the A and B
isomers have a steric repulsion because of the non-
planar structure. It has been established that, in
iron8.9:12 and cobalt!® complexes of [FelSalz3,2,3-
tet]*, and [FellSal;2,2,2-tet]* and of [Co!!Cl:3,2,3-
tet]*, [CoMICl22,2,2-tet]*, the 3,2,3-tet ligand takes a
structure with four nitrogens in plane, while the 2,2,2-
tet ligand usually adopts a non-planar structure.
Thus, the complexes of the latter group are as-
signed to the D isomer, which has a cis,trans
(fmaf)10:10 configuration for the two CH=N and two
phenoxyl groups. The color, solubility, IR, elec-
tronic absorption, and NMR spectra of the latter
complexes are very different from those of the
former complexes. These differences are due to the
configuration of the complexes.

Experimental

Measurements. The NMR spectra were recorded
with an FX-60 spectrometer (JEOL) for 3C NMR and with
an R-40 apparatus (Hitachi) for 'TH NMR. The IR spectra
were recorded over potassium bromide disks with an
IR-27G spectrophotometer (Shimadzu). The visible ab-
sorption spectra were recorded with a Shimadzu MPS-
5000 recording spectrophotometer. The electric conduc-
tivities of the aqueous solution were determined by the use
of a conductometric meter, CM-30 (Shimadzu), at room
temperature.

Preparation of Complexes. (1,8-N-Disalicylidene-3,6-diaza-
octane-1,8-diamine)cobalt(III) Chloride (la): Method A: cis-a
or B-Dichloro(3,6-diazaoctane-1,8-diamine(trien))cobalt(III)
chloride?0:20 (3.0 g, 9.63 mmol) was added to moistened
fresh AgOH, which has been made from silver nitrate (3.27
g, 19.25mmol) and potassium hydroxide (1.08g, 19.25
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mmol). The mixture was stirred for several minutes at
room temperature and then stirred for about 40 min at 60
°C. The silver chloride thus precipitated was filtered
off. A methanol solution (20cm3) of salicylaldehyde
(2.36g, 19.33 mmol) was then added, drop by drop, to
the reddish violet filtrate. The solution was stirred at
50°C for 24h. The solution was concentrated on a
rotary evaporator, and the reaction mixture was dried
over silica gel. Complex la was extracted with dry
methanol or dry ethanol from the dried reaction mixture.
The purification of the complexes was achieved by
column chromatography on alumina. When the solvent
was then eluted with methanol or ethanol, the effluent of
the first brown band of Complex la was collected
and the solution was concentrated. Then, the precipi-
tated complex was recrystallized twice from ethanol-ether
(3:2). Yield: 2.41 g (53.8%).

No other isomer was isolated from the second red band
and third pink bands, which perhaps [CoCl(OH)trien]*
or [Co(OH)atrien]+.22

Method B: A methanol solution (10 cm3) of trien (1.46 g,
9.98 mmol) was added to a methanol solution (40 cm?) of
salicylaldehyde (2.44g, 19.98 mmol), and the mixture was
stirred 10 min at room temperature. Then, the solution
was added to a methanol solution (50 cm3) of CoClz.-6H20
(2.38 g, 10.0 mmol). Air was bubbled into the solution for
7h, and the solution was concentrated on a rotary evapora-
tor. The complex thus precipitated was recrystallized twice
from water-acetone or ethanol-ether. Yield: 2.34 g (50.4%).
Found: C, 51.41; H, 6.00; N, 12.04; Cl, 8.02%. Calcd for
CoC20H26N4O3Cl (MW 464.84) C, 51.68; H, 5.64; N, 12.05;
Cl, 7.63%. Color: brownish black.

(1,8-N-Disalicylidene-3,6-diazaoctane-1,8-diamine)cobalt(I1)
Nitrate Hydrate (1b): An aqueous solution of silver nitrate
(0.18 g, 1.06 mmol) was added to an aqueous solution of la
(0.48 g, 1.03 mmol). The mixture was stirred, and the silver
chloride thus precipitated was filtered. The filtrate was
concentrated on a rotary evaporator. Then, the precipi-
tated complex was recrystallized twice from methanol-
ether. Yield: 0.22 g (43.4%). Found: C, 48.56; H, 5.69; N,
14.22%. Calcd for CoCz20H26NsOes (MW 491.39) C, 48.89;
H, 5.33; N, 14.25%. Color: brown.

(1,8-N-Disalicylidene-3,6-diazaoctane-1,8-diamine )cobalt(11I)
Picrate (Ic): An aqueous solution of picric acid (0.10g,
0.436 mmol) was added to an aqueous solution of la
(0.20 g, 0.430 mmol). The mixture was stirred, and then the
precipitated complex was filtered, washed with water, and
dried. Yield: 0.26 g (94.5%). Found: C, 48.80; H, 4.28; N,
15.89%. Calcd for CoCasH26N70s (MW 639.47) C, 48.84; H,
4.10; N, 15.33%. Color: yellowish brown.

(1,9-N-Disalicylidene-3,7-diazanonane-1,9-diamine)cobal(I1I)
Chloride (2a): A methanol solution (10cm3) of 3,7-
diazanonane-1,9-diamine (2,3,2-tet) (1.60 g, 9.98 mmol) was
added to a methanol solution (40 cm3) of salicylaldehyde
(2.44 g, 19.98 mmol), after which the mixture was stirred
10 min at room temperature. Then the solution was added
to a methanol solution (50 cm3) of CoClz-6H20 (2.38 g,
10.0 mmol). Air was bubbled into the solution for 7 h, the
solution was concentrated in a rotary evaporator, and the
reaction mixture was dried over silica gel. Complex 2a was
extracted with dry methanol from the dried mixture. The
purification of the complexes was achieved by column
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chromatography on alumina. When the solvent was eluted
with methanol, the effluent of the first brown band of
Complex 2a was collected and the solution was concen-
trated. Then, the precipitated complex was recrystallized
twice from methanol-acetone-ether. Yield: 1.20 g (26.1%).
Found: C, 54.51; H, 6.01; N, 12.07; Cl, 7.93%. Calcd for
CoC21H2N4O2Cl (MW 460.85) C, 54.73; H, 5.69; N, 12.16;
Cl, 7.69%. Color: brownish black.
(1,9-N-Disalicylidene-3,7-diazanonane-1,9-diamine)cobalt(I1l)
Nitrate (2b): Complex 2b has been prepared from the re-
action mixture of silver nitrate (0.18g, 1.06 mmol) and
Complex 2a (0.46 g, 0.998 mmol) according to the method
used for 1b. Yield: 0.16 g (32.9%). Found: C, 51.11; H,
5.08; N, 14.60%. Calcd for CoCza1H26NsO0s (MW 487.40)
C, 51.75; H, 5.38; N, 14.37%. Color: brown.
(1,9-N-Disalicylidene-3,7-diazanonane-1,9-diamine)cobalt(111)
Picrate (2c): Complex 2c has been prepared from the re-
action mixture of 2a (0.2g, 0.434 mmol) and picric acid
(0.1 g, 0.436 mmol) according to the method used for lc.
Yield: 0.16 g (56.4%). Found: C, 49.28; H, 4.49; N, 15.04%.
Calcd for CoCz7H2sN709 (MW 653.49) C, 49.62; H,
4.32; N, 15.00%. Color: yellowish brown.
(1,10-N-Disalicylidene-4,7-diazadecane-1,10-diamine)cobalt-
(IIT) Chloride (3a): Complex 3a has been prepared from a
reaction mixture of trans-dichloro(4,7-diazadecane-1,10-
diamine)cobalt(III) chloride hydrate?® (3.0 g, 8.39 mmol),
AgOH (2.09 g, 16.74 mmol) which had been obtained from
silver nitrate, and potassium hydroxide and salicylaldehyde
(2.05 g, 16.79 mmol) according to the method used for A of
la. The green complex of 3a was recrystallized twice from
methanol-ether. Yield: 0.75 g (18.8%). Found: C, 55.49; H,
5.72; N, 12.09; Cl, 8.02%. Calcd for CoCz2H2sN4O2Cl (MW
474.88) C, 55.64; H, 5.94; N, 11.80; Cl, 7.47%. Color: green.
(1,10-N-Disalicylidene-4,7-diazadecane-1,10-diamine )cobalt-
(IIl) Nitrate (3b): Complex 3b was prepared from the
reaction mixture of Complex 3a (0.47 g, 0.99 mmol) and
silver nitrate (0.17 g, 1.00 mmol) according to the method
used for 1b. Yield: 0.22g (44.3%). Found: C, 52.70;
H, 5.78; N, 14.01%. Calcd for CoCa2H2sNs0s (MW 501.43)
C, 52.70; H, 5.63; N, 13.97%. Color: green.
(1,10-N-Disalicylidene-4,7-diazadecane-1,10-diamine)cobalt-
(IIl) Picrate (3c): This complex was prepared from the
reaction mixture of Complex 3a (0.16 g, 0.337 mmol) and
picric acid (0.08 g, 0.349 mmol) according to the method
used for 1c. Yield: 0.18 g (80.0%). Found: C, 50.64; H, 4.51;
N, 15.09%. Calcd for CoCesHsoN7O9 (MW 667.52) C, 50.38;
H, 4.53; N, 14.69%. Color: yellowish green.
(1,11-N-Disalicylidene-4,8-diazaundecane-1,11-diamine)cobalt-
(I11) Chloride Hydrate (4a): A methanol solution (10 cm3) of
4,8-diazaundecane-1,11-diamine (3,3,3-tet) (1.88g, 9.98
mmol) was added to a methanol solution (40 cm8) of salicyl-
aldehyde (2.44 g, 19.98 mmol), and the mixture was stirred
10 min at room temperature. Then, the solution was added
to a methanol solution (50 cm3) of CoClz-6H20 (2.38g,
10.0 mmol). Air was bubbled into the solution for 7 h, and
the solution was concentrated on a rotary evaporator. The
concentrated solution was submitted to a column chroma-
tography on alumina. On eluting the solvent with
methanol, the eluent of the first brown band was collected
and concentrated. The purification of the complex was
achieved by the use of a column of ion-exchange resin (SP-
Sephadex C-25 Na* form). After the mixture had been
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eluted with 0.2 mol dm—23 of NaCl the fourth green band of
Complex 4a was collected and concentrated on a rotary
evaporator, and the precipitated NaCl was removed by fil-
tration. The green complex was recrystallized twice from
methanol-ether. Yield: 0.43 g (8.5%). Found: C, 54.92; H,
6.55; N, 10.72; Cl, 7.31%. Calcd for CoCzsH32N4O3Cl (MW
506.92) C, 54.50; H, 6.36; N, 11.05; Cl, 6.99%. Color: green.

Attempts to isolate another isomer from this reaction
mixture were unsuccessful, because the other bands in
the column of the ion-exchange resin were small.

(1,11-N-Disalicylidene-4,8-diazaundecane-1,11-diamine)cobalt-
(III) Nitrate (4b): This complex was prepared from the
reaction mixture of Complex 4a (0.50 g, 0.986 mmol) and
silver nitrate (0.17 g, 1.00 mmol) according to the method
used for 1b. Yield: 0.26 g (51.1%). Found: C, 53.51; H, 5.59;
N, 13.28%. Calcd for CoC2sH30N50s (MW 515.45) C, 53.59;
H, 5.87; N, 13.59%. Color: green.

(1,11-N-Disalicylidene-4,8-diazaundecane-1,11-diamine)cobalt-
(IIl) Picrate (4c): This complex was prepared from the
reaction mixture of Complex 4a (0.19 g, 0.375 mmol) and
picric acid (0.09 g, 0.393 mmol) according to the method
used for Ic. Yield: 0.23 g (90.0%). Found: C, 51.29; H, 5.04;
N, 14.24%. Calcd for CoCasHazN709 (MW 681.55) C, 51.11;
H, 4.73; N, 14.39%. Color: yellowish green.

Solubility: Complexes la—c and 2a—c are very soluble
in DMSO, DMF, and methanol and are soluble in ethanol.
Complexes la—b and 2a—b are very soluble in water,
though 1c and 2c are insoluble in water. Complexes 3a
and 4a are soluble in methanol, though they are only
slightly soluble in water, DMSO, and DMF. Complexes
3b—c and 4b—c are soluble in DMSO, DMF and
methanol, though they are insoluble in water.
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