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Abstract

Nickel(II), manganese(I) and copper(Il) com-
plexes with ‘end-off’ compartmental ligands derived
from 2,6-diformyl-4-chlorophenol and « or f-amino-
sulphonic or aminophosphonic acids, have been pre-
pared.

The mono- and homobinuclear complexes,
obtained by template or step by step procedures,
have been characterized by IR, UV, scanning electron
microprobe analysis and magnetic susceptibility
measurements. The electrochemical behaviour of
some complexes has been also examined.

The crystal structure of {[Cuy(C,oHgCIN;0,S,)-
(OH)](DMSO)(H;0)}, has been determined by X-ray
crystallography. The compound is orthorhombic,
space group Pbca, with a=17.071(5),b = 11.751(5),
c=20.464(4) A, Z=4, The molecule of the com-
pound is centrosymmetric. One five-coordinate
square pyramidal and one four-coordinate square
planar copper atom are present in the asymmetric
unit, and the four coordinate copper also makes a
contact of 2.58 A with a DMSO molecule.

Selected bond distances are: Cu—O (bridging)
1.95 A (mean), Cu—O (base) 2.00 A, Cu—N (base)
196 A (mean), Cu—O (axial) 2.25 A. The organic
ligand is pentadentate; the hydroxo oxygen atom is
bridging two copper atoms of the same asymmetric
unit and is axially bonded to one copper atom of
the centrosymmetric unit. The clathrate water mole-
cules are hydrogen bonded to the compound.

Introduction

Compartmental ligands [1—3], mostly Schiff bases
derived. from 2,6-disubstituted phenols, 1,3,5-
triketones and f-ketophenols, can incorporate two
metal ions. Consequently they have value in studying

0020-1693/88/$3.50

the magnetic interactions between the metal ions, in
the preparation of potential homogeneous catalysts
capable of carrying out multi-step or different succes-
sive processes. Both of these aspects have relevance
in the application of homo- and heterobimetallic
complexes as models for certain metallobiomolecules
[4].

There are three types of these ligands: the macro-
cyclic form I, derived from a "2 +2' condensation
reaction, an ‘end-off’ acyclic form II in which one
donor bridge is removed, and a ‘side-off” acyclic form
HI, in which one non-donor bridge is removed.
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The end-off ligands provide only one endogenous
bridging donor atom whereas a further exogenous
bridge between the metal sites may be provided by
an anion.

These ligands have been obtained by condensation
of diformyl- or diacetyl-phenols with a wide range
of amines such as dialkylalkanediamines, amino-
acids, 2-aminoalkylpyridine, histamine, aminophenols
or aminothiophenols, and many metal complexes
have been prepared and their physico-chemical pro-
perties studied in detail [4].

Comparatively little attention has been devoted
to systems derived from 2,6-diformyl-4-chlorophenol
and a- or B-aminosulphonic or the analogous phos-
phonic acids, which can give rise, in principle, to
complexes comparable with those obtained by a-
and B-aminoacids. A recent paper [5], however, re-
ported a non-compartmental behaviour of the very
similar Schiff base N ,N4{2-hydroxy-5-methyl-1,3-
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dibenzylidene)-bis{4-methyl-2-sulphonic acid-
aniline). On the basis of electronic and infrared spec-
tra the structures IV and V were suggested for the
two series of prepared complexes.

A similar b&haviour was also proposed for the
analogous complexes containing naphthosulphonic
acids [5].

In order to elucidate the compartmental behaviour
of these and similar systems and with the aim of
obtaining water-soluble complexes of high paramag-
netic ions for their possible use in biological tests
we have synthesized and characterized manganese(1l),
nickel(II) and copper(Il) complexes with the Schiff
bases HyL o, H3Lg, HsLc and HsLp:
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prepared as trisodium (for sulphonates) and penta-
sodium (for phosphonates) salts by reaction of
2,6-diformyl-4-chlorophenol with the appropriate
amino acids (aminomethanesulphonic acid, 2-amino-
ethanesulphonic acid, (%)1-aminoethanephosphonic
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acid and 2-aminoethanephosphonic acid) in alcoholic
solution and in the presence of NaOH. The magnetic
and the electrochemical behaviour of the complexes
has been studied. Preliminary room temperature
susceptibility measurements [6] pointed to signi-
ficant interactions between Cu(II) ions via phenolic
and hydroxyl (or chlorine) bridges. We report here
on the variable temperature magnetic susceptibility
for the complexes Cu,L,Cl:MeOH, Cu,L,OH-Me-
OH, Cu,;LgOH and Na,;Cu,LpOH-2H,0-2MeOH.

The crystal structure of the binuclear hydroxo—
copper(Il) complex with the ligand H3L, was also
determined by X-ray diffraction.

Experimental

2,6-diformyl-4-chlorophenol was prepared ac-
cording to the literature [7]; aminomethanesulphon-
ic acid, 2-aminoethanesulphonic acid, (z)l-amino-
ethanephosphonic acid and 2-aminoethanephosphon-
ic acid were commercial products (Aldrich). Di-
methylsulphoxide (Burdick and Jackson) distilled
in glass, UV grade, was used as received. Tetraethyl-
ammonium perchlorate (Carbo Erba) supporting elec-
trolyte was dried and stored in a vacuum oven at
50 °C. Bis(n®-cyclopentadienyl)iron(II) (ferrocene)
(Alfa-Products) was used as an internal standard.
Ultrapure nitrogen was employed to remove oxygen
from the tested solutions.

Preparation of Ligand Salts

Na3L*3H,0 and NasLg2H,0-MeOH

To a pale yellow solution of 2,6-diformyl4-
chlorophenol (1.84 g, 10 mmol) in methanol (250
ml), aminomethanesulphonic acid (2.22 g, 20 mmol)
for NazL, or 2-aminoethanesulphonic acid (2.50 g,
20 mmol) for NazLg was added. NaOH (1.2 g, 30
mmol) was added to the refluxing suspension and,
after 1 h, a yellow--orange precipitate was obtained.
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The solvent was partially removed and the yellow—
orange product was filtered, washed with diethyl-
ether and dried in vacuo.

Nach'3H20’2M€0H and NasLD'3H20

To a pale yellow solution of 2,6-diformyl-4-
chlorophenol (1.84 g, 10 mmol) in methanol (250
ml), (*)1-aminoethanephosphonic acid (2.51 g,
20 mmol) for NasLs or 2-aminoethanephosphonic
acid (2.51 g, 20 mmol) for NasLp, was added. NaOH
(2 g, 50 mmol) was added to the refluxing suspension
and, after 1 h, a yellow—orange solution was ob-
tained. The solution was reduced in volume and
after cooling, the yellow—orange precipitate ob-
tained was filtered, washed with diethylether and
dried in vacuo.

Preparation of Mononuclear Complexes

NILE'2H20and NILF’25H2 (4]

To a pale yellow solution of 2,6-diformyl-4-
chlorophenol (184 mg, 1 mmol), in methanol (15
ml), aminomethanesulphonic acid (220 mg, 2 mmol)
for NiLg or 2-aminoethanesulphonic acid (250 mg,
2 mmol) for NiLgy in water (20 ml) was added.
Ni(OAc),°6H,0 (496 mg, 2 mmol) in methanol
(15 ml) was added to the refluxing solution. The
solution turned green and, after 1 h, a bright green
precipitate was formed. The solvent was partially
removed and the green product was collected by
filtration, washed with methanol, diethylether and
dried in vacuo.

Preparation of Binuclear Complexes

Cuy(L 4 JOH-MeOH, Cu,(Lg JOH, Cu,(L 4 )CI-

MeOH, Mn,(L 5 JOH-4H,0 and Mn,(Lg JOH -

H,0-MeOH

The preparation was carried out by the same
procedure used for the mononuclear nickel(Il)
complexes; Cu(OAc);°2H,0 (398 mg, 2 mmol),
CuCl,*2H,0 (341 mg, 2 mmol) and Mn(OAc),*
6H,0 (490 mg, 2 mmol) were used instead of Ni-
(OAc),*6H,0. The deep green (for copper) and
brown—yellow (for manganese) precipitates of the
binuclear complexes were collected by filtration,
washed with methanol/diethylether and dried in
vacuo.

The same complexes can be prepared by using
preformed ligands, instead of using template pro-
cedures.

Na2Cu2(LC}OH'MeOH, Nazan(Lcjoﬂ'

2MeOH, NayNiy(L ¢ JOH 3H, 0-2MeOH,

Na,Cu,(Lp )OH-2H, O+ 2MeOH

and Na,Mn,(Lp JOH-H, O-MeOH

To a methanolic solution of the ligand salt (Nas-
L¢ or NasLp) (1 mmol), the appropriate metal salt
(2 mmol), in water, was added. The solution became
immediately deep green for copper or brown for
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manganese derivatives. It was refluxed for 1 h, and
then reduced in volume. After cooling, the precipi-
tate obtained was filtered, washed with methanol,
diethylether and dried in vacuo.

The same complexes have been obtained by using
sodium salts of the ligands freshly prepared ‘in situ’.

Cuy(H,Lc)OH-H,0-MeOH

It was prepared by the same procedure used for
the binuclear complexes derived from sulphonate
ligands. (%)l-aminomethanephosphonic acid (2.51
mg, 2 mmol) was used instead of the corresponding
aminosulphonic acid. A bright green product was
obtained.

Elemental analysis for the prepared compounds
is given in Table 1.

X-ray Data

Crystals of {[Cu,(C,;,HsCIN20,S,) OH)](DMSO)-
(H,0)}, suitable for the X-ray analysis were obtained
by dissolving Cu,(L4)OH-MeOH in warm dimethyl-
sulphoxide and maintaining the solution, after the
addition of few drops of methanol, in an atmosphere
saturated with diethylether.

Owing to the fact that the crystals decompose
when isolated from the solution, a crystal fragment
of maximum dimension 0.2 mm was introduced with
the mother liquor into a glass capillary and well
fixed and closed using another capillary of smaller
dimension.

The X-ray work was performed on a Philips PW

1100 four-circle diffractometer using Mo Ko radia-
tion. Cell parameters were obtained by least-squares
refinement of 25 carefully determined angular
settings. Crystal data: {[Cu,(C,0HgCIN,04S, ) OH)]-
(DMSO)(H,0)},, formula weight 1215, orthorhom-
bic, space group Pbca general positions +(x ¥, z;
1+x 3 =Y, 25 X, +y,l—;2 X, ¥, > +z)
with 2= 17 071(S), b= 11.751(5), ¢ =20 464(4)
V =4105 A% D,=197 g cm 2 for Z = 4 (there are
four tetranuclear dimers in the unit cell which corre-
spond to eight asymmetric units); u(Mo Ka)=12.9
cm~

Intensities of 3620 reflexions were measured by
the 9/28 scan method up to 29 = 50° with a scan
rate of 2° min™!, All data were corrected for Lorentz
polarization and for absorption [8].

A total of 1723 intensities with I> 30(]) were
considered ‘observed’ and used in subsequent calcu-
lations.

The structure was solved by Patterson and Fourier
methods and refined to the final R of 8.1% when
the maximum shift on the refined parameters was
0.050. A final Fourier difference map showed no
significant residuals.

Scattering factors for neutral atoms were taken
from Cromer and Waber [9]. Ring carbon atoms
were refined as rigid bodies (C—C=1.395 A);
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TABLE L. Elemental Analysis for the Prepared Compounds

P. Guerriero et al.

Compounds Calculated (%) Found (%)
C H N C H N

NazL 5*3H,0 24.46 2.85 5.70 24.75 2.60 5.67
NajzlLg-2H20-MeOH 29.29 3.76 5.25 29.09 3.73 5.18
Nasl.c+3H,0-2MeOH 26.83 4,18 447 26.76 4.09 4,48
NasLp-3H,0 25.62 3.22 4.98 25.94 3.34 4.65
Cuz(L 5)OH+MeOH 24.29 2.41 5.15 24 .46 2.12 5.23
Cuz(L 5)C1-MeOH 23.48 2.13 4,98 23.64 2.14 4.80
Mny(L ,)OH 4H,0 21.19 3.02 4.94 20.92 3.11 4,66
Cu,(L.g)OH 26.70 2.43 5.19 26.43 2.66 4.97
Mnz(Lg)OH+H,0:MeOH 27.26 3,34 4.89 27.35 3.48 4.59
Cuz(H,L¢c)OH-H,0-MeOH 26.47 3.59 4.77 26.73 2.93 4.77
NagNi(Lc)OH«3H20+2MeOH 24,30 3.93 4.05 24.08 4,12 3.98
NasCu,(Lc)OH-H,0-MeOH 24.64 3.02 442 24.51 2,91 4,22
NazMn,(Lc)OH-2MeOH 26.67 3.36 4,44 26.91 3.55 4.26
Na;Cu,(Lp)OH«2H,0-2MeOH 24.59 3.69 4,10 24.00 2.83 3.88
NazMn2(Lp)OH+H,0+MeOH 25.33 3.11 4,54 25.29 2.94 4.53
Ni(Lg)-2HZ0 29.11 2.99 3.77 29.24 2.94 3.76
Ni(Lg) 2.5H,0 30.45 3.58 3.55 30.18 3,31 3.46

TABLE II. Atomic Parameters for {{Cuz(L 4)(OH)](DMSO)(H,0)},

Atom

x/a

yib

z/ec

Atomic coordinates

Cul
Cu2
01
03
N1
N2
Cll
S1
011
o12
013
S2
021
022
023
099
Cl
C2
C3
C4
CS5
C6
(oy}
C8
C9
C10
S3
031
Cl1
Cl12

0.51588(13)
0.62887(13)
0.55502(71)
0.58240(66)
0.65614(77)
0.46668(85)
0.54782(37)
0.75553(30)
0.70318(66)
0.76954(93)
0.82415(86)
0.48096(32)
0.48893(82)
0.55616(80)
0.43269(79)
0.67842(99)
0.55556(68)
0.51245(68)
0.51083(68)
0.55230(68)
0.59540(68)
0.59703(68)
0.64347(108)
0.69722(118)
0.47135(97)
0.42393(106)
0.31666(31)
0.27859(77)
0.25780(186)
0.29916(200)

0.55707(18)
0.62498(19)
0.69665(101)
0.48809(98)
0.77151(113)
0.64457(129)
1.16927(44)
0.63676(47)
0.55370(118)
0.60246(149)
0.66052(124)
0.44425(48)
0.41699(108)
0.46757(116)
0.36071(119)
0.30687(144)
0.80329(70)
0.83224(70)
0.94480(70)
1.02840(70)
0.99944(70)
0.88689(70)
0.86563(177)
0.76537(179)
0.75071(152)
0.57561(160)
0.41205(49)
0.35428(142)
0.52635(265)
0.32245(264)

—0.06858(10)
0.03260(11)
—0.02739(59)
—0.00026(56)
0.06941(70)
—0.14019(71)
-0.11766(31)
0.13074(23)
0.09640(61)
0.19700(81)
0.09288(71)
—0.19149(22)
—0.11994(61)
—0.22278(65)
—-0.22396(65)
—0.01311(82)
—0.04822(53)
~0.10370(53)
—0.12533(53)
-0.09149(53)
—0.03601(53)
—0.01438(53)
0.04631(091)
0.13101(104)
—0.14771(83)
—0.18838(89)
0.12431(26)
0.06630(73)
0.14706(123)
0.19466(140)

(continued)
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TABLE II. (continued)
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Atom Un Ui, Uss Uis Uss Up
Thermal parameters® (U;; X 107%)

Cul 264(11) 232(11) 206(10) 3(11) —29(10) —19(11)
Cu2 250(11) 261(11) 309(12) 16(12) —-103(11) —8(11)
01 324(71) 251(66) 297(72) —-63(61) ~-67(64) -3(59)
03 191(67) 206(63) 201(54) 8(52) 44(51) -75(49)
N1 258(76) 200(75) 203(75) 53(71) - 140(71) —65(60)
N2 287(89) 287(89) 280(84) 6(71) ~-29(67) 61(70)
cn 700(41) 271(28) 630(38) 82(28) -39(33) 3(28)
S1 299(25) 396(29) 302(25) 22(26) —-127(23) 4(23)
011 168(62) 396(79) 399(75) 53(68) —3(56) 73(62)
012 644(49)

013 477(40)

S2 366(28) 447(31) 212(23) —82(25) -28(22) -29(27)
021 535(89) 345(77) 280(68) —-48(61) 164(73) 17(71)
022 410(36)

023 412(35)

099 648(49)

Cl1 183(38)

C2 284(43)

C3 309(42)

C4 333(47)

C5 299(43)

Cé 270(42)

C7 346(48)

C8 391(50)

C9 229(40)

Cl10 297(44)

S3 382(29) 511(34) 306(26) —52(25) 40(25) —69(26)
031 350(80) 810(118) 446(85) —249(95) —-64(71) —189(80)
Cl1 942(215) 946(241) 561(165) —474(170) —274(164) 231(186)
C12 1273(275) 808(212) 562(175) 169(167) 27(185) —258(209)

8Anisotropic thermal parameters are in the form: T = exp —2x? (U;,-H,-HjA,-"Aj*).

hydrogen atoms were not introduced in the calcula-
tions. Calculations were performed using the SHELX
program system [10]. Final atomic parameters are
listed in Table II. Interatomic bond distances and
angles are given in Tables III and IV. Table V reports
the equations of mean planes through selected atomic
groupings.

Physical Measurements

IR spectra were carried out as KBr pellets on a
Perkin-Elmer 580B model Infrared Spectrophoto-
meter. Electronic spectra at room temperature were
carried out in dimethylsulphoxide for sulphonate
derivatives, and as nujol mulls for phosphonate
derivatives, on a Cary 17D model Spectrophotometer.
Magnetic susceptibilities were determined by the
Faraday method at room and at variable temper-
ature (Cu,L, Cl-MeOH, Cu,L,OH-MeOH, Cu,LgOH
and Na,Cu,LpOH-2H,0:2MeOH) over the 67—300
K temperature region (Oxford Instruments) the
apparatus being calibrated with HgCo(NCS), [11].
Diamagnetic corrections were carried out [12].

TABLE II]. Bond and Selected Contact Distances (&)

Cu(1)-0(1)
Cu(1)-0(3)
Cu(1)-0(21)
Cu(1)-N(2)
Cu(1)-0(3")
S(2)-0(21)
S(2)-0(22)
S(2)-0(23)
$(2)-C(10)
N(2)-C(10)
N(2)-C(9)
C(2)-C9)
C(1)-0(1)
5(3)-0(31)
S(3)-C(11)
S(3)-C(12)
Cl(1)-C(4)

1.96(1)
1.98(1)
2.01(1)
1.98(1)
2.25(1)
1.50(1)
1.46(1)
1.44(1)
1.83(2)
1.47(2)
1.26(2)
1.49(2)
1.32(1)
1.51(1)
1.74(3)
1.81(3)
1.742(9)

Cu(2)-0Q1)
Cu(2)-0(3)
Cu(2)-0(1D
Cu(2)-N(1)
Cu(2)...0(21)
S(1)-0(11)
S(1)-0(12)
S(1)-0(13)
S(1)-C(8)
N(1)—-C(8)
N(1)-C(7)
C6)-C(7)
Cu(2)...0(31")
Cu(1)...Cu(2)
Cu(1)...Cu(1")
0(1)...0(3)
0(99)...0(3)
0(99)...0(31)
0(99)...0(13)
0(1)...0(39)
0(3)...0(3")

1.95(1)
1.92(1)
2.00(1)
1.94(1)
2.74(1)
1.50(1)
1.44(1)
1.43(2)
1.81(2)
1.44(2)
1.22(2)
1.49(2)
2.58(1)
2.940(3)
3.158(3)
2.56(1)
2.70(1)
2.77(1)
2.77(1)
3.24(2)
2.83(2)

'=1-x,1-y,1—2.
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TABLE IV. Bond Angles (°)2

P. Guerriero et al.

0(1)-Cu(1)-0(3) 81.0(5)
O(1)—Cu(1)-N(2) 91.6(6)
0(3)—Cu(1)-0(21) 99.5(5)
0(21)-Cu(1)-N(2) 86.6(6)
0(3)~-Cu(1)-0(3") 83.6(5)
O(1)—Cu(2)—-0(3) 82.8(5)
0(1)-Cu(2)-N(1) 90.9(5)
0(3)-Cu(2)-0(11) 98.0(5)
O(11)-Cu(2)-N(1) 88.1(6)
Cu(1)-0(1)-Cu(2) 97.4(5)
Cu(1)-0(3)—Cu(2) 98.2(5)
Cu(1)-0(3)—Cu(1") 96.4(5)
Cu(2)-0(3)-Cu(1’) 106.6(5)
C(1)-0(1)-Cu(1) 131.0(9)
C(D-0(1)-Cu(2) 127.4(9)
C(DH-C(9)-NQ) 126(1)

C(H-N(2)-Cu(1) 125(1)

C(10)-N(2)—-Cu(1) 115(1)

N(2)-C(10)-8(2) 103(1)

C(10)-8(2)-0(21) 101.2(8)
C(10)-8(2)-0(22) 109.0(9)
C(10)-S(2)-0(23) 106.7(8)
0(21)-5(2)-0(22) 112.83(8)
0(21)-8(2)-0(23) 110.8(8)
0(22)-8(2)-0(23) 115.3(8)
$(2)-0(21)-Cu(1) 110.8(7)

C(6)-C(T)—N(1) 124(2)
C(7)-N(1)—Cu(2) 128(1)
C(8)-N(1)—Cu(2) 114(1)
N(1)-C(8)-S(1) 108(1)
C(8)-S(1)-0(11) 102.6(9)
C(8)-S(1)-0(12) 109(1)
C(8)-S(1)-0(13) 106.8(9)
O(11)-8(1)-0(12) 111.1(9)
0O(11)-8(1)-0(13) 111.2(8)
0(12)-8(1)-0(13) 115.5(9)
S(1)-0(11)-Cu(2) 114.3(8)
0O(31)-8(3)-C(11) 108(1)
0(31)-8(3)-C(12) 107(1)
C(1D)-8(3)-C(12) 98(2)
0O(1)-Cu(1)-0(3") 100.5(5)

3¢ 5.d.s. given in parentheses refer to the last significant digit.

TABLE V. Selected Planes, Lines and Distances (A) of Atoms
from the Planes?

Plane 1: O(1), O(3), O(11), N(1)
0.713X + 0.023Y - 0.700Z = 7.280
0(1), 0.06;0(3), —0.05;0(11), 0.05; N(1), —0.07;
Cu(2),0.081

Plane 2: O(1), O(3), O(21), N(2)
0.832X + 0.033Y - 0.553Z = 8.468
Cu(1), —0.145; the four atoms defining this plane are
exactly coplanar

Plane 3: Cu(1), O(3), Cu(1"),0(3")
0.090X + 0.892Y + 0.444Z = 6.011

Line 1: Cu(2), O(31)

X - 7.746 _ Y —5.754 . Z -1.012
0.878 0.467 0.101
Line 2: Cu(1), 0(3)
B X —7.968 _ Y - 6.281 . Z+0.699
0.744 0.235 0.625
Angles between planes and lines:
Planes Angle (°) Line—Plane Angle (°)
1-2 10.9 1-1 45.1
1-3 76.9 2-2 76.7
2-3 81.9

28X, Y and Z are orthogonal coordinates related to the frac-
tional coordinates x, ¥y and z by the matrix X = 17.071x;Y =
11.751y;Z = 20.464z.

Metal ratios were conveniently determined by the
integral counting of back-scattered X-ray fluorescence
radiation from a Philips SEM 505 model scanning
electron microscope equipped with an EDAX model
data station. Samples suitable for SEM analysis,
were prepared by suspending the microcrystalline
powders in petroleum ether 30—40°. Some drops of
the resulting suspension were placed on a graphite
plate and after evaporation of the solvent the samples
were metallized with gold or graphite by using an
Edward’s S150 model sputter coater [13].

The electrochemical apparatus has been described
elsewhere [14]. Potential values refer to an aqueous
calomel electrode (S.C.E.). The temperature was
controlled at 20 + 0.1 °C. Under the present experi-
mental conditions a potential value of +0.45 V is
assigned to the ferrocene/ferrocenium couple in
dimethylsulphoxide.

Results and Discussion

The ligands have been preparsd as trisodium (for
sulphonates) and pentasodium (for phosphonates)
salts by reaction of 2,6-diformyl-4-chlorophenol
with the appropriate amino acids (aminomethane-
sulphonic acid, 2-aminoethanesulphonic acid, (t)1-
aminoethanephosphonic acid and 2-aminoethane-
phosphonic acid) in alcoholic solution and in the



presence of NaOH. The use of base is often necessary
for these syntheses because the amino acids are in
the zwitterionic form, as confirmed by the IR
spectra.

Copper(1l), nickel(II) and manganese(II) com-
plexes have been synthesized following reaction
procedures as in Scheme 1.

Binuclear complexes can be obtained by reaction
of the preformed ligands with the appropriate metal
acetate or chloride*. For copper(Il) and manganese-
(II) a template synthesis (without addition of NaOH)
can be also used. Both procedures give the same
sulphonate derivatives while the phosphonate com-
plexes obtained by template synthesis contain two
hydrogens instead of sodium.

In these complexes the exogenous bridge X is
—OH or —Cl according to the type of metal sait
used; the hydroxo group was found when metal
acetate were employed.

*It must be noted that the isomeric complexes derived
from (#)1-aminoethanephosphonic acid have not been sep-
arated.

Compartmental Schiff Base Ligand Complexes 109
+ 2NH,-R-Y 4 NaOH + 2MZ,
I ( Onty for M = Mn™, Cu? ) 1
c ct c
+ 2 NH;-R-Y
2 I + M22
NaOH _ —
b om0 AR N oo N
R R R WIANAAN
/ R M M R
Y™ m-y \ FAANNVAAN /
~ Y x Y
4
X
N
F ]
< + 2 NH;-R-Y + 2MZ,
‘ _
~ ( Only for M= Mn®, Cu® )
E 4
N
~
X = OH" , C1™ ;
(Only for M= Ni™ and Y= SO,H,)
v 2 = €17, CH,C00™ 3
= - -S0_H
cl Y = -POH, , 3
M = NiZ* . Mn2* , Cul+ ;
R = -CH,- , —c‘!:- » “CH,=CH = ;
3
n =73 for Y=50_,H , 5 for ‘{=P03H2 H
N 0] (o] 3
/S m = 1 for SO,H , 2 for POH,
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Scheme 1.

Physico-chemical data suggest that nickel(IT)
gives, by the template procedure, the complexes
NiLg*2H,0 and NiLg+2.5H,0 and by reaction with
the preformed ligand NasLc-3H,0-2CH50H, the
complex Na,Ni, LoOH:3H,0-2CH;0H.

By integration of back-scattered X-ray using a
scanning electron microprobe, the metal, chlorine,
sulphur (or phosphorous) and sodium, when present,
ratios and the sample homogeneity were confirmed
[13]. As an example Figs. 1 and 2 report the X-ray
fluorescence spectra of the binuclear complexes of
nickel(IT) and manganese(Il) with HsLc.

Na, P, Cl, Ni or Mn ratios are qualitatively 2:2:1:2.
The quantitative electron microprobe analyses, which
take in account autoabsorption phenomena (ZAF
corrections), also give the same ratios inside the
standard error.

The IR data (Table VI) show for the ligands broad
bands in the range 1651—1522 c¢cm™}, for the bi-
nuclear complexes sharp bands in the range 1647—
1540 cm™!; for nickel(Il) mononuclear complexes
a band at ~1665 cm™! is attributable to p(C=0)
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Fig. 1. X-ray fluorescence spectra of the binuclear complex Na;NisLcOH-3H,0+2MeOH.

and a band at 1636 cm™! to »(C=N). Moreover
there are absorptions in the range 1167—959 cm™!
attributable to PO3*™ groups and in the range 1212
1037 cm™! due to SO;~ groups, respectively [15—
17].

These bands, strong and broad, are diagnostic
only of the presence of these groups and not of the
coordination mode.

On going from the sodium salts of the ligands to
the related complexes there is an increase in multi-
plicity of bands, associated for the phosphonate de-
rivatives with a significant shift to higher frequencies.

The complexes Cu,(H,Lc)OH-H,0-MeOH and
Na,Cuy(Lc)OH: H,0<MeOH have an almost identical

infrared spectrum also in the range of phosphonate
absorptions.

The electronic spectra (Table VII) for copper(Il)
complexes show d—d bands in the range 720-750
nm in dimethylsulphoxide and at 740 nm in nujol
mull which are in agreement, both in solution and
in the solid, with a non-square planar structure. For
manganese(I) complexes d—d bands in the range
890—-900 nm have been found; nickel(II) complexes
show bands or shoulders at 490, 485 and 435 nm.

Other bands or shoulders, in the~range 330~
250 nm in the electronic spectra of all the pre-
pared complexes, are due to transitions within
the ligands.
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Fig. 2. X-ray fluorescence spectra of the binuclear complex NayMn,LcOH-2MeOH.

TABLE VL. Infrared Data (cm™?) for the Prepared Compounds

Compounds IR frequencies in the range 1700—1500 cm™! Bands characteristic of —SO3
assignable to »(C=N), »(C=0) and »(C=C) and —P032_ groups
NazL*3H,0 16465, 15245 1212b, 1051s

Na3LB- 2H20'MCOH
NasLg+3H,0+ 2MeOH

NagLD' 3H20

CU2(LA)0H *MeOH

Cua(L 5)Cl-MeOH

Mny(L 4)OH-4H,0
Cu,(Lg)OH

Mn(Lg)OH H,0+MeOH

Cu 2(H 2Lc)OH . H20' MeOH
Na;Niy(Le)OH - 3H,0+ 2MeOH
NayCuy(Le)OH-H,0-MeOH
NaMny(Le)OH - 2MeOH
N82CU2(LD)OH . 2H20' 2MCOH
Nazan(LD)OH *H 20' MeOH
Ni(Lg)- 2H,0

Ni(Lg)*2.5H,0

1651b, 1522s
1646s, 1534s
1645s, 1526s
1647s, 1561s
1647s, 1558s

1647s, 1561s, 1542sh

1646s, 1565s
1635s, 1540s
1645s, 1557s
1652s, 1549s
1645s, 1559s
1643s, 1543s
1645s, 1565s
16455, 1545s

1665s, 16365, 1539s

1660b, 15465

1203b, 1054s

1078b, 976s

1068b, 984s

11925, 1161b, 1077s
11925, 1162s, 1077s
11965, 11665, 1060s
1181s, 11565, 1093s, 10365
1186s, 1161s, 1047s
1163s,1114s, 10315, 998s
1116s, 1054s, 964s

1132s, 1060s, 1028b, 959s
1115s, 1060s, 1037b, 9725
1155s, 1102s, 1051b, 970s
1167s, 1094s, 1063b, 989s
1209s, 1160s, 1037s
1187s, 1162s, 1040s

Magnetic Measurements

The room temperature magnetic moments (Table
VII) (egs) for binuclear complexes are: Cup(La)
OH-CH,0H (2.00 BM), Cu,(Lg)OH (2.17 BM),
Cu,(LA)C1-MeOH (1.88 BM), Na,Cu,(Lp)OH-2H,0
*2CH;0H (2.49 BM), Cu,(H,Lc)OH-H,0-CH;0H

(2.50 BM) (the magnetic moment per copper atom
is 1.33—1.77 BM, higher values for phosphonate
analogues than sulphonate ones), Mn,(L,)OH-4H,0
(7.19 BM), Mn,(Lg)OH-H,0-CH;0H (7.76 BM),
NazMﬂz(LD)OH'Hzo'CH3OH (770 BM), NazMﬂz-
(Lc)OH:2CH;0H (7.64 BM) (the magnetic moment
per manganese atom is 5.08—5.49 BM).
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TABLE VII, Electronic (nm) and Magnetic (BM) Data for the Prepared Compounds
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Compound Electronic data (nm) Magnetic moment (BM)
NasL 5 *3H,0% 453s, 348s, 290sh
NasLg:2H,0-MeOH? 460sh, 440s, 330sh, 270sh
Na_c,Lc-”a'Hgo-ZMeOHb 410s, 300sh, 260sh, 230sh
NasLp+3H,0P 455s, 325sh, 275sh, 250sh
Cugp(L 5)OH-MeOH? 720b, 425sh, 400s, 325sh 2.00
Cua(L 5)C1-MeOH? 735b, 400s 1.88
Mny(L )OH-4H,0? 890b, 41S5s, 295sh 7.19
Cuy(Lg)OH? 750b, 387s 2,17
Mny(Lg)OH +H,0-MeOH? 900b, 410s, 300sh 7.76
Cuy(H,L)OH-H,0-MeOH 2.50
Na;Nip(Lg)OH3H,0+2MeOH 4.26
Na,Cuy(L)OH-H,0-MeOH® 740b, 440sh, 398s
NasMn,(L¢)OH+2MeOH 7.64
NayCu,(Lp)OH-2H,0+2MeOH 2.49
NayMny(Lp)OH-H,0-MeOH® 445sh, 400s, 260s 7.70
Ni(Lg)-2H,0? 485sh, 435s, 315s, 300sh 297
Ni(Lp)+2.5H,02 490w, 43Ss, 300sh, 265sh 3.03
a[n dimethylsulphoxide.  PIn methanol.  As nujol mull,
201
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Fig. 3. Observed magnetic susceptibility (@) and effective magnetic moment (&) vs. temperature for CusL A C1-MeOH.

The magnetic moments for mononuclear nickel(II)
complexes show the usual values for isolated nickel-
(I) ions (tegs 2.97—3.03 BM). The binuclear com-
plex Na,Niy(Le)OH-3H,0-2CH,0H has a magnetic
moment (Uesg) of 426 BM (3.01 BM per nickel
atom).

The observed (Xons) susceptibility and magnetic
effective moments (uegr)* of the complexes Cu,L -
Cl-MeOH, Cu;L,OH-MeOH, Cu,; LgOH and Na,Cu,-
LpOH-2H,0°-2MeOH are reported in Figs. 3-6
(solid lines represent calculated susceptibilities) and
Tables VIII-XI.

*hefs = 2.828[(xym - xp)T1Y? BM; xp1 = 2xa; xp Tepre-
sents the diamagnetic correction (see ref, 11).

Magnetic parameters are derived from least-squares
fitting by . using the Bleaney-Bowers equation*
[19,20] corrected for the susceptibilities (Xparam)
of possible paramagnetic impurity [21] and taking

*XM = Xeale = (1 — 0)(6 X 0.1251g2)/[ T3 + ¢~ 2/ /kT)) +
TIP + pxparam- The parameters reported in Table XII are ob-
tained by minimizing the function F = Zn(xobs — Xeale)?»
where N is the number of measurements at different 7.
Although the structure of CusL A OH-MeOH could be tetra-
meric,_on the basis of X-ray data for {{Cu,L5OH |(DMSO)-
(H20)}2, the F/N value taken as a gauge of agreement be-
tween calculated and experimental values is small,when com-
pared with actual experimental errors. Therefore, it has been
possible to account for the magnetic properties of CusL 5-
OH-MeOH without any resort to ‘tetramer’ equation (see for
instance ref. 18).
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Fig. 4. Observed magnetic susceptibility (®) and effective magnetic moment (a) vs. temperature for CuaL  OH-MeOH.
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Fig. 6. Observed magnetic susceptibility (®) and effective magnetic moment (&) vs. temperature for NagCus LpOH-2H,0-2MeOH.
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TABLE VIII, Observed and Calculated Magnetic Susceptibil-
ity and Effective Magnetic Moment versus Temperature for
Cu,yL A Cl-MeOH (see Fig. 3)

P. Guerriero et al.

TABLE X. Observed and Calculated Magnetic Susceptibility
and Effective Magnetic Moment versus Temperature for
Cu,LgOH (see Fig. 5)

T Xobs Xcale Mess T Xobs Xeale Mess
67 7.86 8.18 0.65 70 5.18 5.51 0.65
75 7.57 7.51 0.67 80 5.92 6.68 0.73
80 7.08 7.21 0.67 90 8.09 8.13 0.87
90 6.87 6.81 0.70 100 10.00 9.69 1.00

100 6.62 6.66 0.73 120 13.74 12.69 1.25

110 6.69 6.72 0.77 140 15.75 15.10 1.43

120 6.87 6.94 0.81 150 16.38 16.04 1.50

130 7.21 7.29 0.87 160 16.82 16.79 1.57

140 7.65 7.72 0.93 180 17.62 17.85 1.70

150 8.13 8.21 1.14 200 18.13 18.42 1.81

170 9.25 9.23 1.27 220 18.36 18.64 1.91

190 10.57 10.21 1.42 250 18.44 18.53 2.04

210 11.36 11.08 1.53 270 18.09 18.27 2,11

230 11.93 11.73 1.64 294 17.64 17.85 2.17

250 12.26 12.24 1.73

270 1243 12.60 1.81

294 12.39 12.87 1.88

TABLE IX. Observed and Calculated Magnetic Susceptibility
and Effective Magnetic Moment versus Temperature for
Cu,L A OH+MeOH (see Fig. 4)

T Xobs Xeale Hetf
67 0.79 1.00 0.42
75 1.08 1.30 0.46
80 1.17 1.55 0.48
90 1.77 2.21 0.55

100 2,72 3.05 0.65

110 3.72 4.03 0.74

120 4.94 5.10 0.84

130 6.19 6.21 0.95

140 7.32 7.31 1.05

150 8.42 8.37 1.14

170 10.40 10.27 1.32

190 11.90 11.82 1.48

210 13.23 13.00 1.62

230 14.28 13.86 1.76

250 14.69 14.44 1.83

270 14.90 14.80 1.94

295 14.45 15.02 2.00

into account temperature-independent paramag-
netism (TIP).

The g and J (antiferromagnetic) values observed
in this series (Table XII) are in the usual range [22,
23] for complexes of analogous ligands and similar
geometry (with reference, in particular, to the angles
at the bridging atoms).

The absolute J value for Cu,L,OH-MeOH is
significantly higher than for Cu,LgOH. This is
certainly related to geometrical distortions intro-
duced by a longer side chain. Attempts to obtain

TABLE XI. Observed and Calculated Magnetic Susceptibility
and Effective Magnetic Moment versus Temperature for
Na,Cu,LpOH-2H,0+2MeOH (see Fig. 6)

T Xobs Xecale Heft
67 21.57 20.93 1.16
80 21.28 21.49 1.26

100 23.45 23.46 1.47

120 24,88 25.20 1.65

140 25.98 26.20 1.82

170 26.44 2645 2.02

200 26.06 25.79 2.17

220 25.55 25.10 2.26

250 24.12 23.91 2.35

295 22,76 22.06 249

good crystals of Cu,LgOH for an X-ray diffraction
analysis have failed so far. On the contrary, the —J
value for Cu,L,OH*MeOH is lower than that derived
by applying the equation (see footnote on p. 112) to
Cu,L,Cl-MeOH; however, some caution is needed
in this case, since a remarkable amount of paramag-
netic impurity is apparently present. The same is
true when dealing with Na;Cu, LpOH-2H,0-2MeOH.

X-ray Data

The crystal structure of the binuclear Cu,(L,)OH
complex, grown from dimethylsulphoxide solution,
has been determined by X-ray crystallography. As
shown in Fig. 7, the compound must be correctly
formulated as {[Cu;(LoXOH)](DMSOXH,0)};; the
centrosymmetric molecule being formed by two
binuclear units, one of which is the crystallographic
asymmetric unit. The two binuclear units are parallel
and form approximately planar moieties which are
inclined by ca. 100° with respect to the set of four
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TABLE XII. Magnetic Parameters of Cu,L ACl:*MeOH, Cu,L 5 OH-MeOH, Cu,LgOH and NazCu,LpOH-2H,0-2MeOH
Compound g J T X 104 Paramagnetic impurity (%) (FIN) X 108
CuyL 5 C1-MeOH 2.09 200.9 0.90 6.0 0.04

Cu,L , OH-MeOH 2.18 173.7 0.69 0.10