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Part 1.

The Synthesis and Properties of ' Capped ' Four-co-ordinate Metal Schiff-

base Complexes

By Alan R. Hendrickson, Janet M. Hope, and Raymond L. Martin,*-t Research School of Chemistry
Australian National University, Canberra, Australia 2600

The synthesis of several sterically hindered N,0, and N, ligands is described in which a quadridentate Schiff base
is ‘ capped * by condensation of salicylaldehyde or pyrrole-2-carbaldehyde with a series of bis(8-aminonaphthyl)

n-alkyl diethers.

A number of representative complexes have been prepared and characterized with the metal ions

Fell, Coll, Nill, Cull, and ZnIl. The n.m.r. spectrum of the neutral monomeric nickel(ll) derivative is consistent
with the proposed trans planar ‘' capped ° structure, a structure designed to provide for a study of the steric require-

ments of bonding to hindered metal-ion sites.

IT is well known that in metal-containing systems of
biological origin the active metal site is frequently
shielded from nucleophilic or electrophilic attack by a
protective and selective environment.! In these situ-
ations, a hydrophobic pocket around the metal ion is
often provided by the neighbouring organic matrix which
restricts access of undesirable entities and may also exert
subtle conformational influences on the system. In this
regard, the search for inorganic models which might
mimic myoglobin or haemoglobin has led directly to the
synthesis of sterically hindered ‘ picket fence ’ 2% and
‘ capped ’ 57 porphyrins in which the metal ion and its
bonded oxygen molecule in the biological porphyrin
environment are protected from further reaction to such
an extent that reversible oxygenation can be observed.
Unfortunately, detailed studies of the mechanisms of
binding of small reactive molecules to transition-metal
substrates is often inhibited by their aggregation to
bridged oligomers which rapidly follow the initial adduct
formation.® Accordingly, we have designed some multi-
dentate ligands which combine the synthetic and struc-
tural versatility of Schiff bases together with the pro-
tective features displayed by biological and model
porphyrin systems.
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In this paper, syntheses of several sterically hindered
Schiff bases and representative transition-metal com-

t Present address: Monash University, Clayton, Victoria,

Australia 3168.

plexes are described. The donor-atom set in the square-
planar complexes is frans-N,0, and a pronounced cavity
has been introduced on one side of the N,O, plane by
the incorporation of naphthyl groups at both N atoms
orthogonal to this plane. The cavity above the metal
atom is closed by a ‘fly-over’ bridge between the
naphthyl groups comprised of a polymethylene diether
link illustrated schematically in (I). The molecular and
crystal structure of a nickel(11) complex formed with one
of the new ‘ fly-over ’ ligands is described in the following
paper.®

EXPERIMENTAL
Syntheses.—N-Acetyl-8-aminonaphth-2-0l 10 Acetic
anhydride (9.0 g, 0.09 mol) was added dropwise and with
vigorous stirring to 8-aminonaphth-2-ol (T.C.I., Japan)
(4.8 g, 0.03 mol) and the mixture cooled in ice. After 10
min the solid was filtered off, washed with diethyl ether (100
cm?), and recrystallized (with decolourizing carbon) from
boiling water (300 cm?) yielding white crystals (3.5 g, m.p.
199—201 °C).
2,2"-Tetramethylenedioxydi(N-acetyl-8-aminonaphthalene).
—N-Acetyl-8-aminonaphth-2-0l (4.0 g, 0.02 mol) and
sodium (0.46 g, 0.02 mol) were dissolved in dry ethanol
(100 cm?®). 1,4-Dibromobutane (Eastman) (2.16 g, 0.01
mol) was added and the solution refluxed. After 1.5 h a
white solid appeared and refluxing was continued for
another 6 h. On cooling, the solid (m.p. 245 °C) was col-
lected (3.0 g) and washed well with ethanol.
2,2’-Tetramethylenedioxydi(8-aminonaphthalene).—  The
above compound (2.4 g, 0.005 5 mol) and K[OH] (3.36 g,
0.06 mol) were refluxed in ethylene glycol (75 cm3) for 4 h.
The product, precipitated by adding ice to the warm solu-
tion, was recrystallized from either chloroform or dichloro-
methane (with decolourizing carbon). The volume of the
solution was reduced and light petroleum (b.p. 60—80 °C)
added until the first sign of cloudiness. On cooling, white
light-sensitive needles separated (m.p. 99—104 °C).
2,2'-Tetramethylenedioxydi(8-N-salicylideneiminonaphth-
alene), H,.-.—A four-fold excess of salicylaldehyde was
added to the hot ethylene glycol solution described
above. After standing overnight, the product was pre-
cipitated by the addition of ice. The solid was dissolved in
dichloromethane and purified by column chromatography
with dichloromethane as eluant. The pure, vyellow,
crystalline Schiff base (m.p. 183—186 °C) was obtained on
reduction of volume and addition of light petroleum (b.p.
60—80 °C).
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An analogous series of compounds in which the C,H,
bridge is replaced by CgH,,, CgH,4, and C,oH,, respectively
were prepared similarly from the respective dibromo-
alkanes (Pfaltz and Bauer). The general preparative data
are presented in Table 1. The protonated Schiff-base
ligands are abbreviated to H,L%, H,L$, H,L% and H,L!¢
where the superscripts 4, 6, 8, and 10 define the number of
methylene groups in the * fly-over ’ linkage.

J.C.S. Dalton

with H,L* (0.58 g, 0.001 mol) for 1.5 h. Olive-green
needles separate on cooling. Pure [NilL4%], obtained by
chromatography on SiO, with CH,Cl,, was recrystallized
as green crystals (m.p. 310—315 °C) from CH,Cl, by addi-
tion of light petroleum.

[NiL4(bipy)].—2,2’-Bipyridyl (0.08 g, 0.5 mmol) was
added with stirring to a warm solution of [NiL4] (0.31 g,
0.05 mmol) in dichloromethane (30 cm3). The gold-brown

TABLE 1

Details of syntheses

Amount (g, mol) of reagent

s

OH

¢

—

Volume
Product O NH(OCMe) (cm?) of Amount Reflux
roduc Sodium ethanol (g, mol) of time
0 R ¢ 2 —_——— —_—— solvent  dibromoalkane (h) Colour
C‘H° 4.0, 0.02 0.46, 0.02 100 2.16, 0.01 7.5 White
Q 6712 4.1, 0.02 0.46, 0.02 100 2.5, 0.01 2 ‘White
zaﬁas 4.0, 0.02 0.46, 0.02 50 2.8, 0.01 2 White
Q NHoCHe)s e 4.0, 0.02 0.46, 0.02 50 3.0, 0.01 3 White
0 —— R
O Volume
(cm?) of
Q NH(OCMe)/[, ethylene
K[OH] glycol M.p.
R P -~ \ p A \ solvent ¢ Colour (8./°C)
0 R CiHg 2.4, 0.006 3.36, 0.06 75 ‘White 99—104
Q CeHiz 2.6, 0.005 3.0, 0.05 100 White 118—120
CaMys 2.8, 0.005 3.1, 0.06 30 Pinkish
O NH, CoMo 9.8, 0.02 9.6, 0.2 75 White 140
2
Purification ?
R Colour M.p. (6./°C) Recrystallization solvent
(s} R C.Hg Yellow 183—186 CH,Cl,-light petroleum
CsHi2 Yellow 146—148 CH,Cl,~EtOH
CgHyg Yellow 104—106 CH,Cl,-light petroleum
C1oHz20 Yellow 112 CH,Cl,~light petroleum

s All reactions refluxed for 4 h; the recrystallization solvent was CH,Cl,-light petroleum.

CH,Cl,.

2,2’-Tetramethylenedioxydi(8-N'-pyrrol-2-ylmethylene-
iminonaphthalene). — 2,2’-Tetramethylenedioxydi(8-amino-
naphthalene) (0.74 g) and pyrrole-2-carbaldehyde (0.84 g)
were dissolved in CH,Cl, (50 cm?®) and the solution stirred
over molecular sieves at room temperature for 24 h.
Following filtration and evaporation of the solvent, the
product (m.p. 85 °C) was recrystallized from CH,Cl,-light
petroleum. N.m.r. in CDCl,: OCH, [4.23(m)], CH,
[2.01(m)], pyrrole [5.84(br), 5.98(m), 6.58(m)], naphthyl
(7.0—7.8), CH [8.27(s)]; integration showed that ca. 2
mol of CH,Cl, are present in the lattice (Found: C, 60.3;
H, 4.9; N, 7.4. Calc. for C3,H,,N,0,2.3 CH,Cl,: C, 60.4;
N, 4.8; N, 7.8%). Mass spectrum: mfe 526 (M™), 447,
235, 115, and 80.

[2,2-Tetramethylenedioxydi(8-N-salicylideneiminonaphth-
alenato) (2—))nickel(11), [NiL*].—Nickel(11) acetate tetra-
hydrate (0.25 g, 0.001 mol) was refluxed in EtOH (50 cm3)

® By chromatography over SiO, in

solution was filtered and light petroleum (b.p. 30—40 °C)
added until the product precipitated. The yellowish solid
was collected and air dried (m.p. 250 °C).

[NiL*(phen)].—1,10-Phenanthroline (0.04 g, 0.02 mmol)
was added with stirring to a warm solution of [NiL.4] (0.13
g, 0.2 mmol) in dichloromethane (20 c¢m3). The yellow
solution was filtered, cooled in ice, and light petroleum (b.p.
30—40 °C, 40 cm3) was added with stirring. The yellow
solid was collected and air dried (m.p. 260 °C).

[Cull4].—(?) The Schiff base H,L* (0.58 g, 0.001 mol) was
refluxed with copper(i1) acetate monohydrate (0.19 g,
0.001 mol) in ethanol (50 cm?) for 1.5 h. The dark brown
crystals which separated from the hot solution were purified
and recrystallized (m.p. 285—288 °C) as described for the
nickel complex.

(%) 2,2'-Tetramethylenedioxydi(8-aminonaphthalene)
(0.5 g, 0.001 3 mol) was refluxed with bis(salicylaldehydato)-
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copper(11) for 1.5 h. The dark crystals which separated
were collected and purified by column chromatography
using a CH,Cl, eluant as described above.

{(ZnL4),}.—The Schiff base H,L4 (0.58 g, 0.001 mol) was
refluxed with Zn[O,CMe],*2H,0O (0.21 g, 0.001 mol) in
ethanol (75 cm?) for 1.5 h. The yellow solid was collected
and washed with hot CHCI,; (100 cm3).

[(Col#),].-—Cobalt(11) acetate tetrahydrate (0.25 g,
0.001 mol) and H,L* (0.58 g, 0.001 mol) were refluxed in
ethanol (50 ¢cm3) for 2 h. The resulting red solid was
collected and washed with ethanol. The crystals (m.p.
330 °C) were relatively insoluble in CHCl;, CH,Cl,, benzene,
and dimethyl sulphoxide (dmso).

[CoL*).—The polymer [(ColL?%),] was dissolved in a
minimum volume of boiling pyridine. The solution was
filtered and the product precipitated with ice, collected,
and dried. This complex was recrystallized (m.p. 315—
318 °C) from CH,Cl,-light petroleum (b.p. 80—100 °C).

[FeL4].—The Schiff base H,L* (0.58 g, 0.001 mol) was
refluxed in ethanol (75 cm?) under N, for 15 min; FeCl,
4H,0 (0.198 g, 0.001 mol) was added to the refluxing
solution followed by piperidine (1 cm3). The solution
turned deep red and refluxing was continued for 7 h under
N,. Thered solid that formed was filtered off and extracted
into dichloromethane. The volume of the solution was
reduced and ethanol added. The red crystals were collected
and dried in air.

Physical Measurements.—The following instruments were
used: Cary 14 spectrophotometer for electronic transmis-
sion spectra, Beckman DK-2 instrument for diffuse-reflect-
ance spectra on powdered solid samples; Varian HA-100
(100 MHz) for 'H n.m.r. spectra; A.E.I. MS902 mass
spectrometer; Perkin-Elmer 457 i.r. spectrophotometer,
samples being supported in KBr discs.

RESULTS AND DISCUSSION

To date, the constructions of a non-co-ordinating
protecting group across a co-ordination site of a metal
ion have been based on a porphyrin ring and, of necessity,
had their foundations attached well out on the periphery

CH3 CH,
CH, CH,
CH, CH,
CH, . CHy
N
? =
N—"—,

() ret.5

(M) refs. 6 and 7
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of the molecule [¢f. (II)]. In order to restrict the dimen-
sions of the cavity, we have designed the ‘ fly-over ’ in
such a manner that the take-off point is actually at the
ligating atoms. To avoid the ‘floppy’ nature of a
saturated carbon chain, we have employed rigid, planar,
a-naphthyl groups to support the polymethylene ether
capping unit above the metal ion. Furthermore,
examination of models and the crystallographic evi-
dence I available for complexes of aryl-substituted
Schiff bases suggested that the «-naphthyl units would
stand perpendicular to the salicyl basal plane. These
features were incorporated in the Schiff-base ligand
shown in (I). A degree of flexibility in the dimensions of
the cavity is attainable through the choice of R with (z)
the length of R dictating the maximum separation of the
two linked naphthyl groups, and (#7) the possibility of
branched alkyl chains or substituted aromatic groups
providing a variable degree of protection over the cavity
perpendicular to the -O-R-O~- direction but parallel to
the MN,O, basal plane.

Some previous complexes of Schiff bases have incor-
porated a variable-length alkyl link between the two
nitrogens ranging from the ethylenediamine link (C,) to
C,s, compared with the 14—20 atoms in the present
ligands. In the former examples, of those complexes
which are monomeric, it is not clear whether the longer-
chain non-polymeric complexes have cis or ¢rans nitro-
gen atoms.>13 By design, the contrasting feature with
the present species is that the nitrogen donors must be
trans if the co-ordination geometry is square planar. A
further example of a cis-Cy, link is provided by the
cobaloxime (IV) 4 and as confirmed by X-ray crystal-
lography 15 the bridge lies to the side of the Cl-Co—py
axis.

[cHa)i,

(o)

Synthesis of the new quadridentate ligand based on
salicylaldehyde, as illustrated schematically in the
Scheme, is relatively conventional but requires protec-
tion of the amino-group prior to alkylation and linking of
the two naphthol units. A series of ligands has been
synthesized via this general scheme in which R represents
the straight-chain alkyl groups C,Hg, CeH,;,, CgHy4, and
CioHyy. The deprotonated quadridentate Schiff-base
ligands are abbreviated for convenience to [L4]%-,
[L8]2-, [L#)%-, and [L9]%~ respectively, with the numeri-
cal superscript indicating the number of carbon atoms in
the alkyl ‘fly-over’. Analytical, mass spectral, and
n.m.r. spectral data are provided in Table 2.
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TABLE 2

Analytical data, n.m.r. spectra, and mass spectra for bases

Analysis (%) ¢ Chemical shift (§ = 0 for SiMe,) Parent
G d rc——"ﬁ - A —,.  peak
ompoun H N OCH, CH;——CH,;—CH,—CH,— aromatic OH NH Solvent (m/e)
OH
Q 6.5—7.7 9.42 (br) 5.22(s) S(CD,),0
T
oH 71.2 56 6.7 [CH,, 2.14 (s)] 7.0—7.8 9.72 (br) ? S(CD,),0 201
Q (71.6) (5.5) (7.0) e
Q NH(OCMe)
[o]
O (CH),
728 6.3 58 4.22(m) 2.03 (m) [CH,, 2.18 (s 7.1—17.9 ?  S(CD
Q (13.7) (6.2) (6.1) ) [CH, (s)] (CD,);0 456
NH{OCMe)
Z
2]
cHy®
O 73.2 64 67 4.14(m) 2.06(q) [0.33 CH,CI,, 6.7—7.8 3.91 CDCl, 372
(72.9) (6.2) (7.0) 5.23]
o
2
+0°33 CHyCt,
Amine 6°¢ 77.6 7.0 6.5 4.08(t) 1.90(m) 1.66 (m) 6.7—7.8 ca. 3.8 CDCl,
(78.0) (7.0) (7.0) —
Amine 8 784 7.7 6.4 4.07(t) 1.86(m) 1.48 (br) 6.7—17.8 3.9 cDCl,
(78.5) (7.5) (6.5) —
Amine 10 78.5 7.7 5.8 4.07(t) 1.85(m) 1.40 (m) 6.7—7.8 3.9 CDCl,; 456
(78.9) (7.9) (6.1)
CH
H,L44 77.2 53 46 4.20(m) 2.08 (m) 6.8—7.8 13.39 (s) 8.68 (s) CDCl, 580
(78.6) (5.6) (4.8)
H,Ls 79.1 5.9 43 409(t) 188 (m) 1.62(m) 6.8—7.8 13.33 (s) 8.66 (s) CDCl, 608
(78.9) (6.0) (4.6) —n
H,Ls 787 6.3 3.9 4.08(t) 183 (m) 1.45 (m) 6.8—7.8 13.34 (s) 8.69 (s) CDCl, 636
(79.2) (6.3) (4.4) PR
H,Lw 79.2 67 4.0 4.08(t) 1.83 (m) 1.37 (m) 6.8—7.8 13.34 (s) 8.66 (s) CDCl, 664
(79.5) (6.7) (4.2)
s Calculated values are given in parentheses. ® Amine 4. ¢ Asamine 4 with (CH,), instead of (CH,),. ¢ Solution molecular weight

(vapour-pressure osmometry in CHCl,, 37 °C) 594; calc. 581.

Representative complexes of [L%]2~ have been pre-
pared with the metal ions Fel, Co!l, Nill, Cull, and Znl!
(Table 3).

The red cobalt(11) complex isolated from the reaction
mixture analyzes for the 1:1 compound, CoL%. It is
insoluble and presumably polymeric with the attachment
of the ligand to more than one metal ion. However, the
polymer can be converted into a monomer by dissolution
of the polymer in pyridine and subsequent isolation of an
orange complex by dilution of the pyridine solution with
water. The resulting cobalt(r1) complex, [CoL%], is air
stable, soluble, and monomeric as shown by mass spectro-
metry.

The green copper(11) complex, [CuL%], has been syn-
thesized from Cu[O,CMe], and the protonated ligand as
well as from bis(salicylaldehydato)copper(11) and 2,2'-
tetramethylenedioxydi(8-aminonaphthalene). The com-
plex is monomeric and presumably square planar. We

have been unable to isolate pyridine adducts of this
complex.

Due to its insoluble nature, the zinc(u) complex,
ZnL4, is considered to be polymeric. An attempt to
convert the complex into a monomer, by the pyridine
procedure which proved effective for [CoL*], resulted in
displacement of the zinc(i) ion and recovery of the
protonated ligand H,L*.

With Ni'%, no evidence was obtained for polymeric
species and all the spectroscopic evidence suggested that
the complex is monomeric and square-planar as
designed (I). The n.m.r. spectrum of [NiL%] possesses
some unusual and interesting features (Figure). First,
the OCH, resonance at & ca. 4.5 appears as an AB quartet
coupled to the adjoining CH, unit. Raising the temper-
ature from —40 to +55 °C decreases the chemical-
shift difference between the protons although the AB
quartet does not collapse. Decoupling of the adjacent
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CH, unit (219 Hz) shows the AB quartet (J = 9 Hz)
with a superimposed beat on one resonance (Figure).
The unusually large upfield shift on complexation for
two of the aromatic protons apparently arises from the
proximity of He and, to a lesser extent, H® to the per-

OH OH
(Y w9
e ynocm

(H)
0—R—O0

NH(OCte‘
MeCO)HN

(/u)
0—R—0

8-, 3

(lv)

0O—R—0

t%!

(IK)

ScHEME (i) Acetic anhydride; (¢%) (@) Na(OEt), (b) BrRBr;
(#3d) K[OH]—ethylene glycol; (v) salicylaldehyde
pendicular = system of the adjacent naphthyl group (X).
This interaction leads to an unusually well spread n.m.r.

spectrum and allows assignment of all the salicyl protons
in CDCl, at 55 °C: CH,CH, (2.21); OCH, (4.56); H=

NAPHTHYL

NAPHTHYL
(X)

1501

(5.22); Hr (6.28); He (6.75); H2 (6.92); He (8.83);
naphthyl (7.1—7.8). In spin-decoupling experiments
irradiation at H® (629 Hz) furnishes the H* resonance as
a singlet and irradiation at He (693 Hz) affords the He
resonance also as a singlet. Further decoupling was
uninformative due to beats.

The possibility of disrupting the NiN,O, plane by co-
ordination to aromatic nitrogenous chelating bases was
confirmed by the formation of phenanthrolene (phen)
and bipyridyl (bipy) adducts of [NiL%]. These com-
plexes are presumably six-co-ordinate as evidenced by
the electronic transitions at 950 nm (¢ = 19 dm?® mol™?
cm) for [NiL4(bipy)] and 945 nm (¢ = 21 dm? mol?

m™) for [NiL%(phen)] in CH,Cl, solution.

The cis configuration imposed by these chelating bases
suggests that the NiN,O, core is stereochemically flexible.
With the unidentate base 1-methylimidazole (mim) the
adduct isolated is the six-co-ordinate bis-adduct with
spectral features similar to the phen and bipy adducts,
i.e. [NiL%(mim),] remains six-co-ordinate in CH,yCl,
solution. In the presence of pyridine, the only adduct
isolated from solution was the five-co-ordinate mono
adduct [NiL%(py)], although in pure pyridine an addi-

TABLE 3

Analytical, molecular-weight, and mass-spectral data
for complexes

Parent
peak ¢
in
Analysis (%) ¢ mass
p A —, spectrum
Complex C H N (mle)
[NiL4j ¢ 71.1 (71.6) 4.8 (4.7) 4.1 (4.4) 636
[NiL4(phen)] 72.9 (73.5) 4.9 (4.7) 6.7 (6.9) §3€"]’
[Ni
[NiL4(bipy)] 72.1 (72.6) 4.9 (4.8) 6.9 (7.1) 636 ¢
[NiL4]
[NiL4(mim),] 69.3 (68.9) 5.3 (5.3) 10.1(10.5)
[NiL4(py)] 72.1 (72.1) 5.1(4.9) 5.4 (5.9)
[CuL#] e 1.1(71.1) 4.8 (4.7) 4.1 (4.4) 641
[(ZnL¥),] 71.2 (70.9) 4.8 (4.7) 4.1 (4.4)
[FeL4] 71.6 (71.9) 4.7 (4.8) 4.4 (4.4) 634
[(CoL%),) 70.7 (71.6) 5.2 (4.7) 4.3 (4.4)
[CoL#] 72.2 (71.6) 4.8 (4.7) 4.4 (4.4) 637
[CoL10] 73.8 (73.2) 6.1 (5.9) 3.9 (3.9 721

e Calculated values are given in parentheses. ? Taken for
most abundant metal isotope. °Solution molecular weight
(vapour-pressure osmometry in CHCl;, 37 °C) 624; calc. 637.
4 Parent peak due to adducts not observed. ¢ Solution mole-
cular weight (vapour-pressure osmometry in CHCl;, 37 °C)
648; calc. 642.

TABLE 4

Electronic-spectral data (nm) for four-, five-, and
six-co-ordinate [NiL#] complexes

Diffuse

reflectance * Solution spectra ?

Compound - " \ p A -
[NiL4] 620

[NiL*(mim),] (590) 970 c 968
[NiL*(py)] (600) ¢ 1 890
[NiL4(py)s) c 995 4
[NiL4(bipy)] (580) 940 (580) 950
[NiL4(phen)] (575) 945

e Powdered sample, Beckman DK-2 instrument; i.r.

overtone bands obscure 1 500—2 500 nm region. ? In CH,Cl,
solution. ¢ Not measured in this region. ¢ Spectrum obtained
in pure pyridine.


http://dx.doi.org/10.1039/DT9790001497

1502 J.C.S. Dalton
HY irradiated Hb CHCH2
irradiated group
irradiated
H!

10

Chemical shift (§ for SiMe, =0)

N.m.r. spectrum of [NiL4] in CDCl,.

The two decoupled spectra of the OCH, resonance were obtained under slightly different

experimental conditions in an attempt to provide improved resolution and eliminate the beat

tional pyridine molecule co-ordinates to afford the six-co-
ordinate bis adduct (Table 4). For the less stable six-co-
ordinate adducts the absorption at ca. 970 nm is moved
to lower energy. To ascertain the exact conformation

0-CH-CH-CH-CH-0

803

and spatial requirements of these new ligands, the single-
crystal X-ray structure of [NiL%] was determined. In
addition to confirming the monomeric structure, know-
ledge and the dimensions and stereochemistry of the
‘ cavity ' provide an indication of the molecules which
might, in principal, be accommodated in the available
space. Details of the structure are described in the
following paper.?

The concept presented in this work is being extended in
order to bring the redox potentials of the complexes to
values compatible with those exhibited by related biolo-
gical molecules. As one extension into the various N, Y,

Z—I I—Z

(X1)

co-ordination combinations, the N, chelate (XI) has been
prepared and characterized, although acceptable analyti-
cal data have not been obtained for its metal complexes
(Experimental section).

[8/667 Received, 10th April, 1978]
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