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The methyl substituent in 3-methylisoquinoline
N-oxide (L) exerts significant steric hindrance as to
stabilize complexes involving L to metal ratios of less
than six with 3d metal(ll) perchlorates, as follows:
[MLs(OClO3)1(CIO,) (M = Mn, Ni); [CoLs(OCIO;)]-
(ClO4)H,0; [ML4(OCIO3)1(ClOs) (M = Fe, Cu),
and [ZnLs(OCl04)](Cl0,): 3H,0 (tetrahedral). In
the case of Cr** and Fe®* perchlorates, complexes of
the [MLg1(ClO,)s type have been isolated; however,
[CrLa(OCI03)(OH, ))(ClO,),, [FeLaf OCIO3),](ClO,)
and [FeLs(OCIO;)(OH, ),1(ClO,) complexes can be
also stabilized, under the influence of the steric
effects of L. Finally, during interaction of L with
Fe(ClOy4)s, a mixture of approximately 9 parts of the
perchloric acid adduct of L{[L,H](CIlO,))and 1 part
of [Fel¢l(ClO4)s was recovered from the filtrate,
after separation of the precipitate of the latter
complex.

Introduction

Pyridine N-oxide (N-pyO) and 3- or 4-substituted
derivatives do not introduce any significant steric
hindrance during coordination. For instance, their
complexes with 3d metal perchlorates are of the
types [ML](ClO,), (M™ = Sc3*, V¥ Cr?*, Mn?",

#* Fe¥', Co?*, Ni**,Zn?"), [CuL4](C104)2 [2—10]
and 1n certain cases (L = N-pyO, 4-picoline N-oxide),
[CuLg](Cl0,), [5-8, 11]. On the other hand, ortho-
substituted pyridine N-oxides exert significant steric
hindrance during metal complex formation. Thus, 2-
picoline N-oxide (2-methylpyridine N-oxide; N-picO)
reportedly forms complexes of the types [CoLs]-
(C104), [8, 12], [NiL4](CIO,), (polymeric, proba-
bly N-oxide-bridged) [13] and [ML,(ONO,)](NO,)
(M = Co, Ni) [14], while 2,6-lutidine N-oxide (2,6-

dimethylpyridine N-oxide; N-lutO), which introduces
even more severe steric hindrance, has been found to
yield [MnL,(OCIO;)](Cl0,), [ML4](ClO,), (M = Fe,
Co, Ni, Cu, Zn) [15], [CoL;3(0,Cl0,)](ClO,),
[CoLs] (ClO,), [16], [ML,(ONO,)O,NO)] (M =
Mn, Co, Ni, Zn) and [CuL,(ONO,),] [17] com-
plexes. Similar steric effects, leading to relatively low
ligand to metal ratios, have been also reported for
2-acetyl- [18], 2-methylamino- and 2-dimethylamino-
[19] pyridine N-oxides, and 2-pyridylcarbinol
N-oxide [20].

Among fused ring N-pyO derivatives, the N-oxides
of isoquinoline (N-igO; I) and quinoline (N-qO; II),
corresponding, respectively, to a meta, para- and an
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ortho, meta-disubstituted N-pyO, do not appear to
exert steric hindrance during complex formation with
3d metal perchlorates. In fact, both these ligands
yield 6:1 complexes with M** (M = Cr, Fe) and M**
(M = Mn, Fe, Co, Ni, Zn) perchlorates and 4:1 com-
plexes with Cu(ClO,), [21-23]. 4- or 6-substituted
N-qO derivatives also form 3d metal perchlorate com-
plexes, involving the preceding stoichiometries [21—
23]. Moreover, both N-pyO and N-qO form 5:1 com-
plexes with TiO(ClO4), and 6:1 complexes with ZrO-
(Cl0,), [24-26]; however, whereas N-pyO yields a
8:1 complex with Th(ClO4)4 [25], the corresponding
N-qO complex involves a 6:1 ligand to thorium ratio
[26]. The introduction of a somewhat more
pronounced steric effect by N-qO, relative to N-pyO
or N-igO, is also demonstrated by the fact that N-qO
forms 1:1 adducts with Co?" and Ni?" acetylace-
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tonates [27], while N-igO and N-pyO yield 2:1
adducts with the same metal acetylacetonates [27,
28] . Finally, acridine N-oxide (N-acO), which corre-
sponds to an ortho, ortho, meta, meta-tetra-sub-
stituted N-pyO, exerts apparently severe steric
hindrance during metal complex formation: This
ligand forms 4:1 complexes with Co?*, Ni** and Zn?"
perchlorates [29], 2:1 complexes with Mn?*, Co?”
and Zn?" nitrates and thiocyanates and an 1:1 com-
plex with Hg(SCN), [30].

Recently, these laboratories initiated a series of
studies of the steric effects introduced by various
substituents in aromatic amine N-oxide ligands [1].
Since no systematic study of the effects of ortho-
substituents on N-iqO or N-qO has been reported so
far, the syntheses and characterization of 3d metal
perchlorate complexes with 3-methylisoquinoline N-
oxide (3-m-N-iqO; III) were included in the above
series of studies and are reported in the present paper.
It should be mentioned at this point that some coor-
dination complexes of 2-methylquinoline N-oxide (2-
m-N-qO) have been reported [13, 31, 32]. However,
the stoichiometries of these complexes did not lead
to any conclusions regarding the steric hindrance
exerted by this ligand; in fact, both 2-methyl- and
4-methyl-N-qO were found to yield 2:1 complexes
with Co?" nitrite [31] and UO%" chloride or nitrate
[32]; a 2:1 complex of 2-m-N-qO with Ni?" nitrate
was also isolated, when ligand and salt were allowed
to interact at a 2:1 molar ratio [13]. It is also worth
noticing that, although several metal complexes of
N-igO have been reported [13, 21, 27, 32-34], no
publications dealing with coordination compounds
of any substituted derivative of this ligand have
appeared in the literature.

Experimental

Chemicals

3-m-N-iqO0 (Ennox Chemical Co.) was utilized as
received. Reagent grade hydrated metal perchlorates,
triethyl orthoformate (teof) and organic solvents
were used throughout this work.

Preparative Methods

During preliminary synthetic attempts it was
established that interaction of ligand and M(I)
perchlorate solutions leads to the precipitation of the
same complex, regardless of the concentration of the
solutions or the ligand to metal ratio (in the 4:1 to
6:1 region) employed. The following procedure was
used for the preparation of M(CIO,), complexes with
3-m-N-iqO: 1 gof the ligand (6.3 mmol) was dissolved
in 15 ml of a 3:2 (v/v) mixture of ethanol and teof (a
dehydrating agent [35]), while the metal salt (1.5
mmol) was dissolved separately in 10~15 ml of the
same solvent mixture. The ligand and salt solutions

were warmed separately at 50 °C for 30 minutes,
under stirring, and, subsequently, the solution of the
ligand was slowly added to the stirred metal salt solu-
tion. After completion of the addition of the ligand
solution, a solid precipitate started forming; precipita-
tion was complete after 5-15 more minutes. In the
case of Co(ClO,),, a gummy precipitate was observed
while the ligand addition was in progress; this gummy
product solidified when the addition of the ligand
was completed. Yields of the new M?* complexes:
Mn2* 0.50 g; Fe?* 0.45 g; Co?" 0.74 g; Ni** 0.69 g;
Cu?” 1.05 g; Zn?" 0.80 g. These solid complexes were
separated by filtration, washed with a small amount
of the ethanol-teof mixture and stored in an
evacuated desiccator over anhydrous calcium sulfate.
Recrystallizations of the complexes were effected by
dissolution in boiling CH,Cl,, filtration of the hot
solution, additon (to the hot filtrate) of an amount of
n-hexane sufficient to induce a light cloudiness, and
overnight storage of the resulting mixture at 5 °C, for
the complete precipitation of the recrystallized com-
plexes.

Each of the M®** (M = Cr, Fe) perchlorates studied
produced more than one complex upon interaction
with 3-m-N-iqO. Thus, by following the preceding
standard synthetic procedure with Cr(ClO,);, we
obtained a gummy green solid, after complete addition
of the ligand to the Cr** salt solution. The gummy
product was gradually completely solidified by
prolonged stirring of the reaction mixture and
subsequent grinding under ethanol-teof. During
attempts at the recrystallization of this product from
boiling CH,Cl,, a red brown solid precipitated (yield
0.37 g); after separation of this solid by filtration, a
dark green filtrate remained. A second solid complex
(green in color; yield 0.59 g) was precipitated by
mixing the filtrate with twice its volume of n-hexane,
under stirring, and storing the resulting mixture at 5
°C. When our standard synthetic procedure was
employed for Fe(ClO,);, combination of ligand and
salt solutions resulted in the precipitation of a yellow
green solid in small quantities, which increased upon
cooling to room temperature (yield 1.05 g). The
yellow green solid was separated by filtration (and
recrystallized as described above) from the dark
brown mother liquor, which was diluted with three
times its volume of petroleum ether (boiling range
30-60 °C). The resulting mixture eventually produced
a grey precipitate (yield 0.2 g), upon standing at
ambient temperature. During another synthetic
attempt 6.3 mmol of the ligand and 1.5 mmol of
Fe(Cl0,4); were dissolved separately, each in S ml of
the ethanol-teof solvent mixture. The resulting
solutions were treated separately at 50 °C for 30
minutes, under stirring, and then combined. A dark
red brown gummy precipitate formed immediately;
this gummy product was solidified by addition of
excess petroleum ether and mixing with a spatula,
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The resulting solid product was dried in an evacuated
desiccator over CaSO,, then ground to a powder,
which was treated with boiling CH,Cl,, affording a
yellow solid precipitate (yield 1.35 g). The yellow
complex was separated by filtration (and recrystal-
lized as above), leaving a dark red filtrate. This filtrate
was mixed with three times its volume of petroleum
ether, and a red brown solid (yield 0.4 g) precipitated
when the resulting mixture was allowed to stand at
ambient temperature overnight.

The new solid metal complexes are somewhat
hygroscopic, but stable in a dry air atmosphere. They
are sparingly soluble or insoluble in ethanol or
acetone, but dissolve in other polar organic solvents,
such as nitromethane or dimethyl sulfoxide. The
Mn?* complex is extremely photosensitive; its
exposure to light leads to the almost immediate
formation of a brown surface layer, presumably
consisting of Mn>*-containing products [36]. Special
precautions were taken ([37], in order to avoid
exposure of this complex to light during storage and
subsequent handling. It should be noted that many
Mn?* complexes with aromatic amine N-oxides are
photosensitive [36, 37]. Analytical results for the
new complexes (C, H, N analyses by Schwarzkopf
Microanalytical Laboratory, Woodside, New York;
metal analyses by atomic absorption spectroscopy)
are given in Table 1.

Characterization Studies

Infrared spectra (Table II), magnetic susceptibility
(295 °K) and molar conductivity (on 1073M nitro-
methane solutions at 25 °C) measurements (Table
1I), and solid-state (Nujol mull) electronic spectra
(Table IV) were obtained by methods previously
described [10, 15, 38].
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Discussion

Stoichiometries of the New Metal Complexes

The precipitation of 3-m-N-iqgO complexes with 3d
metal(II) perchlorates, involving the usual, for non-
sterically hindered aromatic amine N-oxides, 6:1
ligand to metal ratio is apparently not favored. The
steric effects of the 3-m-N-iqO ligand lead to the
stabilization of 5:1 complexes with Mn?*, Co?* and
Ni?* perchlorates, 4:1 complexes with Fe?* and Cu?*
perchlorates, and a 3:1 complex with Zn(ClO,),
(Table I). Some of these complexes (M = Co, Zn) are
also characterized by the presence of water. In the
case of M3 perchlorates, 6:1 complexes can be
obtained, under certain synthetic conditions; how-
ever, 4:1 or 3:1 complexes with these metal salts can
also be isolated. Thus, interaction of relatively dilute
ligand and Fe(ClO,4); solutions leads to the precipita-
tion of the yellow green Fe(3-m-N-igO)s(ClO,);, but
when more concentrated solutions of these two
reagents are allowed to interact, a mixture of Fe(3-m-
N-iq0)3(Cl04)3°2H,0 and Fe(3-m-N-iq0),(Cl0,); is
precipitated (the two components of this mixture can
be separated by treatment with CH,Cl,, in which the
3:1 complex is insoluble and the 4:1 complex
soluble). From the filtrate of the 6:1 Fe3* complex,
a grey product, mainly consisting of the perchloric
acid adduct of the ligand [39, 40], contaminated
with small amounts of the 6:1 Fe3' complex is
obtained. Analytical results suggest that this grey
product consists of approximately nine moles of
[(3-m-N-ig0),H] (C10,4) per mol of Fe(3-m-N-igO)s-
(C104); (Table I). In the case of Cr(ClO,);, a
precipitate consisting of a mixture of Cr(3-m-N-iqO),-
(Cl04)3+H,0 and Cr(3-m-N-ig0)s(Cl0,4); was initial-
ly obtained, and the components of this mixture were

TABLE L Analytical Data for 3-m-N-iqO (L) Complexes with 3d Metal Perchlorates.?

Complex Color Analysis

C% H % N % Metal %

Calc. Found Calc. Found Calc. Found Calc. Found
CrL4(Cl04)3°H,0 Red brown 47.80 48.24 3.81 3.87 5.57 5.23 5.17 4.96
CrLg(ClOg)3 Green 55.20 54.87 4.17 4.32 6.44 6.51 3.98 4.20
MnLs(Cl0,), Yellow orange 57.21 56.78 4.32 4.25 6.67 6.92 5.23 5.04
FeL4(Cl0g4), Dark brown 53.89 54.18 4.07 4.31 6.28 6.46 6.26 5.97
FeL3(ClO4)3°2H,0 Yellow 41.52 41.43 3.60 3.49 4.84 5.05 6.44 6.75
FeL4(ClO4)3 Red brown 48.48 48.14 3.66 3.87 5.65 5.93 5.64 5.44
FeLg(ClOg4)3 Yellow green 55.04 54.67 4.16 3.96 6.42 6.75 4.27 3.94
CoLs(Cl04),-H,0 Brick orange 56.03 55.69 4.42 4.27 6.53 6.34 5.50 5.55
NiLs(Cl104), Light orange 56.99 57.31 4.30 4,33 6.65 6.40 5.57 5.28
CuL4(Cl0y4), Light green 53.43 53.29 4.04 3.73 6.23 6.11 7.07 7.00
ZnL3(Cl04),+3H,0 Light tan 45.27 45.25 4.18 4.32 5.28 5.34 8.21 8.21

8The grey product obtained during interaction of 3-m-N-iqO with Fe(ClO4)3 (¢f. Experimental Section) analyzed as follows: C
56.21%; H 4.64%; N 6.33%; Fe 1.15%. Calculated values for a 9:1 mixture of [L,H](CIO4) and [FeLg] (ClO4)3 (see text) are:

C56.65%; H4.28%; N 6.61%; Fe 1.10%.
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subsequently separated by treatment with CH,Cl, In
connection with the fact that the isolation of 6 1
complexes of 3-m-N-1q0 with Cr** and Fe®" per-
chlorates 1s possible, 1t should be mentioned that
other sterically hindered ligands, which do not
produce 6 1 complexes with M?* perchlorates, have
been found to form [MLg]3" cationic complexes
(M = Cr, Fe) (eg , N-lutO [15, 17], hexamethylphos-
phoramide [41])

Infrared and Conductance Data

The vy—o vibrational mode of pyridine N-oxides
1s shifted to lower wavenumbers upon metal complex
formation (coordination through the N-O oxygen)
[42, 43] Nevertheless, mn the cases of N-qO and
N-1iq0 metal complexes, sunilar negative wvn_o
frequency shifts are not always observed, owing to
significant overlap of the N-O stretching mode with
aromatic ring vibrations of the hgand [21, 23, 44]
This overlap creates also difficulties mn assigning the
vn—o mode For example, for N-1iqO this mode has
been assigned at 1180 [21, 23,27, 34], at 1256 [44]
and as a doublet at 1260, 1206 cm™! [32] by dif-
ferent groups 3-m-N-1qO exhibits five main absorp-
tion maxima 1n the vy_g region (1280-1160 cm™ 1)
(Table II) The new metal complexes show small
positive frequency shifts of the free ligand bands at
1276 and 1215 cm™ !, and small negative frequency
shifts of the ligand bands at 1190 and 1169 cm™!,
while the absorption at 1259 cm™! remams practi-
cally unaffected In addition, the spectra of the new
complexes show a new band at 1151-1145 cm™ !
Although no unambiguous vy_g assignment for the
free ligand seems possible, 1t 15 considered as likely
that this mode 1s associated with either or both of the
absorptions at 1190 and 1169 c¢cm™!, and that the
appearance of two to four bands at 1186—1145 cm™ !
in the IR spectra of the metal complexes 1s, at least
partially, due to the anticipated negative ry—_o
frequency shifts In the 8y-o region, the ligand
shows a band at 830 cm !, this absorption 1s
mntensified and shifted to 835-840 cm™' n the
spectra of the metal complexes

The hydrated metal complexes exhibit vgoy
absorptions of two different types in the region above
3200 cm™! The 4 1 Cr** and 3 1 Fe®' complexes
show a relatively sharp medium to strong voy band,
attributable to the presence of aqua hgands [45],
while the spectra of the Co*" and Zn?' compounds
are charactenized by a much weaker and extremely
broad absorption, covering the whole 3560-3200
cm™ ! region (Table II), and most probably due to the
exclustve presence of lattice water [46] The v; and
vs fundamental vibrational modes of 1onic ClOj
appear as single bands only 1n the spectra of the 6 1
M3* complexes, which were expected to contain
excluswvely 1onmc perchlorate, and that of the grey
Fe** product [47] In the spectra of the rest of the

479s,471ms, 462m, sh, 44 1m, 393mw, sh

350mw, 286m, 270m, 260m
4745, 455ms, 440ms, 355m, sh, 308vw,

479s,471ms, 460m, 439m, 330m, sh,
280mw, b

281mw, sh, 256vw

293m, b
310mb
328m

378m
340m
412m*
417ms, b

635w, 628m, sh,
620ms*, 614ms, sh

622m*,
641w, 626m, sh,

640w, 629ms*,
619m*,

618mw, sh
612m, sh

1107vs, 1095vs, sh,

1050m, b,

1009w
1110vs, 1090vs, b,

1053s, sh,

1101vs, 1078vs,
1015m

1040mw, 1010w

1112vs, sh,

1167s, 1149ms
1280m, 1260m,
1219m, 1184m,
1163s, 1150ms
1281m, 1260m,
1218ms, 1188m,
1167s, 1150s

1280m, 1262m,
1217m, 1181m,

3560~3200w, vvb

NlLs(C104)2
CuL4(Cl0y),
ZnL3(Cl0,),+3H,0

® Abbreviations s, strong, m, medium, w, weak, v, very, b, broad, sh, shoulder Note The p3 and p4(C104) band assignments are shown 1n ttalics, asterisks (*) indicate very sharp maxima

TABLE II, (Continued)
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TABLE IH. Magnetic Susceptibilities (295 °K) and Molar Conductivities (10—3M Nitromethane Solutions at 25 °C) of 3-m-N-iqO

(L)-Metal Perchlorate Complexes.?

Complex 108x§2", cgsu Hett, uB Am, @ ! em? mol™!
CrL4(Cl04)3+H;0 6614 3.97 209
CrLg(Cl04)3 6158 3.83 246
MnLs(ClO4), 15:327 6.04 176
FeL4(Cl04), 12,398 5.43 178
FeL3(ClO4)3+2H,0 15,166 6.00 206
FeL4(ClOy4)3 15,855 6.14 198
FeLg(ClO4)3 15,712 6.11 254
CoLg(Cl04)5+H,0 8916 4.61 167
NiLs(CIO4), 4632 3.32 175
CuL4(Cl104), 2007 2.18 178
Znl 3(Cl04),+3H,0 Diamagnetic 176

4The grey Fe3” product shows a xg value of 2.66 X 1078 cgs units. If we assume that it is a 9:1 mixture of [L,H](ClO4) and

cor

[I'eLg] (Cl04)3 (combined molecular weight per Fe atom: 5087.938), the following values are calculated: 108 x§5", cgs units:
16,226 uegs: 6.21 uB. On the other hand, a 1073M solution of this product in nitromethane (on the basis of the above M.W.)

shows a Ay value of 112 71 cm? moI™l,

TABLE IV, Solid-state (Nujol mull) Electronic Spectra of 3-m-N-igO (L) Complexes with 3d Metal Perchlorates.?

Complex Amax, M

CrL4(C104)3-H,0 335vs, vb, 438s, sh, 475s, b, 612ms, sh, 643ms, b, 680ms, b

CrLg(Cl104)3 350vs, b, 415s, b, 4435, sh, 467ms, sh, 602ms, b, 624ms, 644ms, sh, 662ms, sh
MnLs(ClOg4), 338vs, vb, 371s, b, 440vw, b

Fe L4(C10 4)2

308vs, b, 322vs, sh, 363s, sh, 456m, sh, 697m, 734m, sh, 818m, sh, 940mw, b, 1055w, b,

307vs, sh, 323vs, sh, 332vs, vb, 363vs, sh, 407ms, sh, 433m, sh, 475m, b, 511mw, sh

321vs, sh, 340vs, b, 367s, sh, 386s, sh, 482m, b, 513m, b, 1215w, vvb
324vs, sh, 345vs, b, 363s, sh, 400ms, vb, 683mw, 757mw, b, 833w, b, 1245w, vb
333vs, sh, 375svs, vb, 395s, sh, 427ms, sh, 700ms. b, 770ms, b, 846m, sh, 970w, b,

1330w, vb
FeL3(Cl04)3+2H,0 303vs, sh, 327vs, b, 385s, b, sh, 455m, sh, 514mw, sh
FeL4(Cl04)3 330vs, vb, 358vs, sh, 425m, vb, 563w, sh
FeLg(ClO4)3
Grey Fe3* product 335vs, vb, 360vs, sh, 460m, sh, 565m, vb
CoLs(Cl04),+H,0
NiL5(Cl104),
CuL4(C104),

1260vw, sh
ZnL3(Cl04),+3H,0 305vs, b, 314vs, sh, 339vs, b, 358m, sh, 376w, sh

4 Abbreviations: s, strong; m, medium; w, weak; v, very; b, broad; sh, shoulder. All the spectra are characterized by extremely

strong ligand absorptions in the region below 300 nm.

new complexes each of the v3 and v4 bands is triply
split, obviously owing to the simultaneous presence
of both ionic (Tq symmetry) ClO3 and unidentate
coordinated —OCIO; (C;, symmetry) ligands [47,
48] (Table II). The observation of IR-active »; and
v, (Cl0,) bands in the spectra of the latter complexes
was not possible, as the ligand shows medium
intensity absorption in both these regions (at ca. 920
and at 482-462 cm™ !, respectively).

The molar conductivities of 1073M nitromethane
solutions of the new complexes at 25 °C are, in most
cases, typical of 1:3 electrolytes for the M3* com-

plexes and of 1:2 electrolytes for the M2* complexes
[49] (Table III). Only in the cases of the red brown
Cr*" and Fe® complexes and the yellow Fe3*
complex were the Ay values intermediate between
those corresponding to 1:2 and 1:3 electrolytes.
Since (with the exception of the 6:1 Cr®" and Fe®*
compounds) the majority of the new metal com-
plexes contain coordinated perchlorate in the solid
state, it seems that in nitromethane solution the
—0CI0; ligands are displaced by CH3;NO, groups.
This is not uncommon for nitromethane solutions of
metal perchlorate complexes with aromatic amine
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N-oxides [15, 50], despite the fact that -OClO; is a
somewhat stronger ligand than CH3NO, [51]. As far
as the grey Fe®" product is concerned, the observed
Ay value of 11287 cm? mol™! is not inconsistent
with the postulated presence of a mixture of ca. 9
mol of [(3-m-N-igq0),H](Cl0,) per mol of Fe(3-m-N-
iq0)6(C104);5 (10:12 electrolyte).

Tentative metal-ligand band assignments in the
lower frequency infrared region (Table II) were based
on previously reported far-IR studies of 3d metal
complexes with aromatic amine N-oxide [15, 52,
53], aqua [45, 54] and perchlorato [55] ligands. On
the basis of these assignments, all of the M>* (M = Cr,
Fe) complexes and the Mn?*, Co?* and Ni** com-
pounds seem to be hexacoordinated [15, 45, 52-55].
On the other hand, the Fe?*, Cu?>* and Zn?*' com-
plexes clearly involve coordination numbers lower
than six. The vy—o frequencies for the Fe?* and Cu?*
compounds are consistent with coordination number
five [15]; in the case of the Zn®* complex, which
exhibits the vy (3-m-N-iqO and —OCl03) modes at
higher wavenumbers, relative to the rest of the M?*
complexes, coordination number four is considered
as most likely [15], especially in view of the fact
that, for a given coordination number, the vy_g
(N-oxide) frequency increases along the series Mn®* ~

Zn*" < Fe?" < Co** < Cu?" ~ Ni?* (Irving—Williams-

series) [15,52,53].

Magnetic Susceptibilities and Electronic Spectra

The magnetic moments of the new metal com-
plexes (Table III) are generally normal for high-spin
d® and d°-d® transition metal complexes or the d°
configuration [56]. The moment of the Co?* com-
plex (4.61 uB) is somewhat low for octahedral Co(II)
and suggestive of some loss in orbital degeneracy of
the 4T15(F) ground state, caused by lower-symmetry
components in the ligand field [8]. Likewise, the peg
of the Ni** complex (3.32 uB) is slightly higher than
the upper limit of the ‘“octahedral” region for Ni(II),
owing to some distortion from a purely octahedral
environment [8].

The solid-state electronic spectra of the new para-
magnetic metal ion complexes (Table IV) are
characterized by strong metal-to-ligand charge-
transfer bands, originating in the UV (where they
overlap with the very strong ligand absorptions) and
trailing off well into the visible region (400—570 nm).
Charge-transfer absorption of this type is common in
3d metal complexes with aromatic amine N-oxides
[57]. As a result of this type of spectra, several d—d
transition bands (*Az(F) = *T,g(F) for Cr*”, A, (F)
- 3T, (P) for Ni**, and all of the d—d bands of the
Mn?* and Fe®* complexes) are partially or completely
masked by the charge-transfer bands. The d—d transi-
tion spectra of the Cr®*, Co®* and Ni?* complexes are
generally consistent with hexacoordinated configura-
tions, involving the presence of lower-symmetry com-
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ponents (suggested by splittings or the broad
character of the d—d bands) [8]. Band assignments,
nm: Cr®*: Red brown complex: A, (F) = *T,(F)
438, 475; - T, (F) 612, 643, 680; green complex:
Ag(F) = 4Ty (F) 415, 443, 467; — *T,,(F) 602,
624, 644, 662. Co>*: 4T 4(F) = *T 4 (P) 482; > *Ay,-
(F) 513; > *Tpy(F) 1215. Ni2*: 3A,,(F) - 3T, (P)
400; - 3T, (F) 683, 757; - 'E4(D) 833; - 3T, (F)
1245. On the basis of these assignments, the following
approximate Dq calculations for the Cr®* and Ni®*
complexes were made: Red brown Cr** complex:
1550 cm™!; green Cr** complex: 1580 cm™!; Ni**
complex: 803 cm™!. The Dq value for the 6:1 (green)
Cr®" complex is within the range of values reported
for [CrLe¢] 3" cationic complexes with N-pyO, N-qO,
N-acO and derivatives (1558—-1686 cm™!) [2, 3, 6-8,
15, 23, 29]; the red brown Cr** complex, which
involves 3-m-N-iqO0, aqua and the considerably
weaker perchlorato ligand, shows a somewhat lower
Dq value, as would be expected. Finally, the Dq of
803 cm™! calculated for the Ni** complex is also
within the range of values reported for hexacoordi-
nated Ni?* cationic complexes with aromatic amine
N-oxides (780-875 cm™!) [2, 3, 6-8, 13,21, 22] ; for
[Ni(N-ig0)] (C104), a Dq value of 805 cm™! has
been calculated [21].

The d—d transition spectrum of the Fe?* complex
is characterized by the presence of six absorption
maxima at 697-1330 nm, and is compatible with a
pentacoordinated configuration [58], which is also
suggested by the location of the vg..o bands (vide
supra). As far as the spectrum of the Cu?* complex is
concerned, coordination number five is also favored
by the multiple d—d maxima observed [58], as well as
the fact that the two strongest of these absorptions
(700, 770 nm) occur at significantly lower energies
[8, 59] than the corresponding bands in the tetra-
coordinated [Cu(N-py0),](ClO4), (680, 729 nm)

[6].

Conclusion

During the present study it was established that
the methyl substituent in 3-m-N-iqO exerts significant
steric hindrance as to restrict the ligand to metal
ratios in the complexes of this N-oxide with M?*
perchlorates to 3-5:1. Furthermore, in addition to
the 6:1 3-m-N-ig0 complexes with Cr3* and Fe3'
perchlorates, the 4:1 and (in the case of Fe®") the
3:1 analogs can be also stabilized, as a result of the
steric hindrance introduced by the ligand.

With respect to the most likely structural types of
the new metal complexes, the following formulations
are proposed, on the basis of the overall evidence.
Hexacoordinated  complexes:  [M(3-m-N-iqO)s] -
(C104)3 (M = Cr, Fe); [Cr(3-m-N-iq0)4(OCl10; X OH,)] -
(C104),; [Fe(3-m-N-ig0)4(0Cl0,3),](Cl0,) (similar



202 A. N. Speca, L. 8. Gelfand, F. J. Iaconianni, L. L. Pytlewski, C. M. Mikulski and N, M. Karayannis

to the tri-n-butylphosphine oxide analog [60]);
[Fe(3-m-N-iq0)5(OCI04)(OH,), ] (CIO4),; [M(3-m-N-
iq0)s(0Cl03)] (CI04) (M = Mn, Ni); [Co(3-m-N-
iq0)s(0Cl05)] (Cl04)-H,0. Pentacoordinated com-
plexes: [M(3-m-N.ig0),(0Cl05)](Cl0;) (M = Fe,
Cu); regarding the Cu®’ complex, it should be
remarked that the formation of a [CuL4(0OCIO;)]"
complex cation is rather unusual for cationic com-
plexes of this metal ion with aromatic amine N-
oxides, which are almost invariably square-planar of
the [CuLs]?* type [2, 3, 6-8]. Tetracoordinated
complex:  [Zn(3-m-N-ig0)3(0Cl03)](Cl04)-3H,0;
this compound is most probably pseudotetrahedral,
in view of the tendency of Zn?" to assume a tetra-
hedral rather than square-planar configuration in its
tetracoordinated compounds.

Finally, the isolation of a mixture, mainly
consisting of [(3-m-N-iqO),H](ClO,), contaminated
with small amounts of [Fe(3-m-N-iqO0)e](ClO4)s3
(grey Fe?' product) is not unprecedented. In fact,
adduct formation between aromatic amine N-oxides
and mineral [39, 61] or organic [62] acids occurs
quite readily, and several attempts at the synthesis of
metal perchlorate complexes with N- or P-oxide
ligands have reportedly resulted in the precipitation
of either the perchloric acid adduct of the ligand
[63] or a mixture of this adduct with authentic metal
complex [40].
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