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Doubly bridged w-alkoxo-u-X (X = pyrazolato or acetato) dinuclear Mn"" complexes of 2-hydroxy-N-{ 2-hydroxy-
3-[(2-hydroxybenzoyl)amino]propyl} benzamide) (HsLY) and 2-hydroxy-N-{ 2-hydroxy-4-[(2-hydroxybenzoyl)amino]-
butyl} benzamide (HsL?), [Mn,(L)(pz)(MeOH)4]-xMeOH (1, L = L%, x = 0.5; 2, L = L2, x = 0; Hpz = pyrazole) and
[Mny(LY)(OAc)(MeOH),] (3), have been prepared, and their structure and magnetic properties have been studied.
The X-ray diffraction analysis of 1 (CssHasMn,N4Ogs, triclinic, P1, a = 12.2050(7) A, b = 12.7360(8) A, ¢ =
19.2780(10) A, o = 99.735(5)°, B = 96.003(4)°, y = 101.221(5)°, V = 2867.6(3) A3, Z = 4), 2 (CosHasMn,N,O,
triclinic, P1, a = 9.4560(5) A, b = 11.0112(5) A, ¢ = 13.8831(6) A, o. = 90.821(4)°, B = 92.597(4)°, y =
93.403(4)°, V = 1441.29(12) A3, Z = 2), and 3 (Cs3HsoMn;N,0y,, triclinic, P1, a = 10.511(5) A, b= 11.713(5) A,
c=13.135(5) A, o = 64.401(5)°, B = 74.000(5)°, y = 66.774(5)°, V = 1329.3(10) A3, Z = 2) revealed that all
complexes consist of dinuclear units which are further extended into 1D (1 and 3) and 2D (2) supramolecular
networks via hydrogen-bonding interactions. Magnetic susceptibility data evidence antiferromagnetic interactions
for all three complexes: J=-36cm %, D~0cm™*, g=193(1); J=-27cm %, D=08cm™? g=1.93
(2, J=-49cm, D=38cm™? g= 195 (3).

Introduction vanadiunf and zinc’ So far, very few structurally character-
ized doubly bridged:-alkoxou-acetaté® and u-alkoxou-

In the past decades, considerable attention has beerhyrazolatéc manganese(ll) ang-alkoxou-methoxo manga-
dedicated to the synthesis of hetero-bridgedlkoxo-X nese(llly2® dinuclear complexes based on these types of
and u-alkoxou-X-u-Y (X, Y = carboxylato, pyrazolato, jigands have been reported. The structurally characterized
azido, cyanato, nitrito, hydroxo, methoxo) dinuclear transition \pi complex [Mny(L)(OAc)(butanol)](CIQ),-H,0% in-
metal complexe’.® This ensues from their various interest- ¢|udes au-alkoxo bridge from the ligand HLN,N,N',N'-
ing biomimetic and magnetic properties. The pentadentate etrakis(2-methylenebenzamidazolyl)-1,3-diaminopropan-2-
dinucleating Schiff base ligands and teN,N',N'-tetrasub-  o|) However, there are no structural informations on
stituted-1n-diaminon’-hydroxyalkanesr, n" = 3, 2, 4,2, _alkoxou-pyrazolato dinuclear manganese complexes. The
and 5, 3) having an endogenous alkoxo bridge have beennique report concerning a manganese(ll) complex of this
used extensively to obtain doubly or triply bridged dinuclear e was based only on analytical and spectroscopic data.
complexes of coppérmanganesg,ron,? nickel;* cobalt? From a dinucleating ligand incorporating (2-hydroxybenza-
mide) moieties, Bertoncello et &lhave obtained doubly

_*To Whhom coqresporlldenc? should be addressed. E-mail: jean- pridged fi-alkoxo)(u-acetato)dimanganese(lll) complexes of
P Caboratore de Crifte de Coordination o ONRS. general formula [MH(L?)(OAC)(B,)l, where B= pyridine,

*On leave from the University of Bucharest, Faculty of Chemistry, y-picoline, and methanol. Only the molecular structure of

Inorganic Chemistry Department, 23 Dumbrava, iep820464 Bucharest, the pyridine derivative [ME(Ll)(OAc)(py)4]-py-H20 (H5L1
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propyl} benzamide) was described revealing that this complex [(2-hydroxybenzoyl)amino]butybenzamide; Hpz= pyra-

exists as discrete molecules.

In this study, we describe the synthesis, crystal structure,

and magnetic properties of three doubly bridgedlkoxo-
u-X (X = pyrazolato or acetato) dinuclear manganese(lll)
complexes: [Ma(L)(pz)(MeOH)]-xMeOH (1, L =L, x=
0.5;2, L = L2, x = 0; HsL? = 2-hydroxyN-{ 2-hydroxy-4-
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zole) and [Mn(LY)(OAc)(MeOH)] (3).

Experimental Section

Materials. All reagents and solvents used in this study are
commercially available (Aldrich or Fluka) and were used without
further purification. All syntheses were carried out in aerobic
conditions.

Caution! The perchlorate salts of metal complexes with organic
ligands are potentially explosive. Only small quantities of com-
pounds should be prepared, and they should be handled with much
care!

Ligands. HsL®. A mixture of phenyl salicylate (2.142 g, 10

mmol), EgN (1.38 mL, 10 mmol), and 1,3-diaminopropan-2-ol
(0.45 g, 5 mmol) in propan-2-ol (20 mL) was heated at about 60
°C for 5 h under stirring. The solution was concentrated at about
5 mL, and the white precipitate which appeared upon cooling was
filtered off, washed with ChLCl,, and dried. Yield: 1.18 g (71.4%).
Anal. Calcd for G;H1gN-Os: C, 61.81; H, 5.49; N, 8.49. Found:
C, 61.7; H, 5.1; N, 8.2. IR (KBr pellet, cm): 3377, 3083 {on
andvyy), 1640 fc—o), 1253 fco(phenoxo)), 10551co(alkoxo)).
UV —ViS (Amax NM): 370.1H NMR (250 MHz, 20°C, DMSO-ds)
(6, ppm): 3.46-3.48 (m, 4H, ®,), 3.98 (m, 1H, ®©), 5.87 (s,
1H, CHH), 6.99 (d,J = 7.8 Hz, 2H, ArC(3MH), 7.02 (t, 8.0 Hz,
2H, ArC(5H), 7.5 (t,J = 7.8 Hz, 2H, ArC(4H), 8.00 (d,J = 8.0
Hz, ArC(6)H), 9.07 (b, 2H, M), 12.54 (s, 2H, ArC(2)®). 1°C
NMR (6, ppm): 43.38 CH2), 67.99 CHOH), 115.95 (AC(3)H),
117.49 (AC(1)), 118.55 (AE(5)H), 128.41 (AC(6)H), 133.64
(ArC(4)H), 159.94 (AC(2)OH), 168.7 (@NH).

HsL2. 1,4-Diaminobutan-2-ol dihydrochloride was synthesized
according to a reported meth8dl,4-Diaminobutan-2-ol was
obtained by reaction of its hydrochloride salt (0.708 g, 4 mmol)
with potassiuntert-butoxide (0.897 g, 8 mmol) in ethanol (25 mL).
The KCI precipitate was filtered off, and the filtrate was mixed
with a solution of phenyl salicylate (3.426 g, 16 mmol) ang\Et
(2.22 mL, 16 mmol) in propan-2-ol (30 mL). The reaction mixture
was stirred at room temperature @ h and then warmed at about
60 °C for 12 h. The obtained solution was left to stand overnight
at room temperature. Addition of GBI, yielded a white precipitate
that was filtered off, washed with GBI, and dried. Yield: 0.42
g (30.5%). Anal. Calcd for ¢gH,0N,0s: C, 62.78; H, 5.85; N, 8.13.
Found: C, 62.3; H,5.6; N, 7.9. IR (KBr pellet, ci): 3495, 3396,
3057 @on andvny), 1640 fc—o), 1253, 1243%co(phenoxo)), 1076
(vco(alkoxo)). UV—Vis (Amax NM): 354.'"H NMR (250 MHz, 20
°C, DMSOg) (4, ppm): 1.71 (m, 2H, CHE,CH,), 3.35-3.61
(m, 4H, CH,CH and CHCHCH,), 3.85 (b, 1H, &), 5.14 (s, 1H,
CHOH), 6.95-7.02 (m, 4H, ArC(3H, ArC(3)H, ArC(5)H, ArC-
(5)H), 7.48-7.52 (m, 2H, ArC(4H, ArC(4)H), 7.95-8.01 (m,
2H, ArC(6)H, ArC(6')H), 8.96 (t,J = 5.3 Hz, 2H, NH), 12.69 (s,
2H, ArC(2)CH). 3C-NMR (6, ppm): 34.28 (CKCH,CHy), 36.35
(CHCH,CHy), 45.51 (CHCH), 67.03 CH), 115.33 and 115.79
(ArC(3)H and AIC(3')H), 117.42 and 117.51 (A1) and AIC(1")),
118.61 and 118.67 (&(5)H and AIC(5)H), 127.75 and 128.32
(ArC(6)H and AIC(6')H), 133.67 and 133.73 (A{(4)H and
ArC(4)H), 159.84 and 160.27 (&(2)H and AIC(2)H), 168.76
and 169.06 (@GNH).

Complexes. [Mny(L1)(pz)(MeOH),]-0.5MeOH (1).To a stirred
solution of KL (0.033 g, 0.1 mmol) in MeOH (10 mL) was added
a solution of Mn(ClQ),-6H,0O (0.072 g, 0.2 mmol) in 10 mL of
MeOH, piperidine (0.049 mL, 0.5 mmol), and a solution of pyrazole
(0.014 g, 0.2 mmol) in 10 mL of MeOH. The reaction mixture

(9) Murase, |.; Ueno, S.; Kida, $norg. Chim. Actal984 87, 155.
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was stirred for 30 min at room temperature. The color of the solution
turned immediately to dark brown. The solution was filtered and
kept in a refrigerator for crystallization. After 3 days, brown crystals
of 1 formed; they were filtered out and washed with cold methanol.
Yield: 0.018 g (27.8%). Upon standing in the air for a few hours,
the crystals lose MeOH, pick up water, and lose crystallinity. The
resulting samples analyze as [Mb?Y)(pz)(MeOH)(H,0),] (Anal.
Calcd for GoHagMnoN4Og: C, 43.87; H, 4.69; N, 9.30. Found: C,
43.3; H, 4.0; N, 9.5. IR (KBr pellet, cm): 3385 (ron), 1598 fre=

0), 1237 ¢co(phenoxo)), 10431co(alkoxo)). UV—Vis (Amax NM):
355, 588, 638, 666, 688.)

[Mn5(L?)(pz)(MeOH),4] (2). This complex was prepared as
described above fat, using 0.034 g of kL2 (0.1 mmol), 0.072 g
(0.2 mmol) of Mn(CIQ),-6H,0, 0.049 mL (0.5 mmol) of piperi-
dine, and 0.014 g, (0.2 mmol) of pyrazole. After 3 days green
crystals of2 formed; they were filtered out and washed with cold
methanol. Yield: 0.048 g (74.4%). Upon standing in the air for a
few hours, the crystals lose MeOH, pick up water, and lose
crystallinity. The resulting samples analyze as pli)(pz)(H0)4]
(Anal. Calcd for GiHgMnoN4Og: C, 42.87; H, 4.45; N, 9.52.
Found: C, 43.0;H, 3.9; N, 9.4. IR (KBr pellet, cd): 3383 (op),
1598 (c—0), 1259, 1243%co(phenoxo)), 1051yo(alkoxo)). UV—
vis (A, nm): 348, 588, 696.)

[Mn x(LY)(OACc)(MeOH),] (3). Mn(OAc)z-2H,0O was prepared
as reported® To a stirred solution of Mn(OAg)2H,O (0.054 g,
0.2 mmol) in MeOH (10 mL) was added a solution of ligand (0.033
g, 0.1mmol) in 30 mL of MeOH and piperidine (0.049 mL, 0.5
mmol). The reaction mixture was stirred for 15 min at room
temperature. The color of the solution turned immediately to dark
greenish-brown. The solution was filtered and left to stand
undisturbed for crystallization. After 3 days crystals3oformed;
they were filtered out and washed with cold methanol. Yield: 0.02
g (32.1%). Upon standing in the air for a few hours, the crystals
lose MeOH, pick up water, and lose crystallinity. The resulting
samples analyze as [Mit.1)(OAc)(MeOH)(H,0),] (Anal. Calcd
for Co1HogMnoNoO41: C, 42.44; H, 4.75; N, 4.71. Found: C, 42.4;
H, 4.4; N, 4.6. IR (KBr pellet, cm%): 3373 (on), 1602 fc—0),
1575 @coo(asym)), 1452icoo(sym)), 1248 tco(phenoxo)), 1039
(vco(alkoxo)). UV—vis (Amax, NM): 351, 488, 532, 588, 630, 658.)

Physical MeasurementsMicroanalyses for C, H, and N were
performed by the Microanalytical Laboratory of the Laboratoire

Stoicescu et al.

they were covered with oil, attached to glass fibers, and quickly
cooled to 180 K. The selected crystalslafbrown, 0.37x 0.18 x

0.15 mn¥) and2 (green, 0.1x 0.12 x 0.35 mn?) were mounted

on an Oxford-Diffraction XCALIBUR CCD diffractometer using

a graphite-monochromated Maokradiation sourceA(= 0.710 73

A) and equipped with an Oxford Cryosystems Cryostream cooler
device. The selected crystal 8f(dark brown-greenish, 0.2 0.2

x 0.1 mn¥) was mounted on a Stoe Imaging Plate Diffractometer
System (IPDS) using a graphite monochromato=(0.710 73 A)

and equipped with an Oxford Cryosystems cooler device. The data
were collected at 180 K. The unit cell determination and data
integration were carried out using the CrysAlis packaém 1 and

2 and Xred? for 3. A total of 26 815 reflections were collected for

1, of which 15 203 were independent (R= 0.0341), 12 707
reflections for2, of which 6965 were independent;{R= 0.0259),

and 13 027 reflections f@, of which 4837 were independent{R

= 0.1375).

The structure ol was solved by direct methods using SHELXS-
9714 The structures of2 and 3 were solved using SIR 92.
Refinements were carried out by full-matrix least square$=dn
with SHELXL-97%¢ included in the software package WinGX.
For complex3, the CH hydrogen atoms of the methanol molecules
were first derived from Fourier difference maps, but as the
refinement was unstable, they were finally fixed. The remaining
hydrogen atoms were included in calculated positions and refined
as riding atoms using SHELX default parameters. All non-hydrogen
atoms were refined with anisotropic displacement parameters.
Absorption corrections were applied using Multistafi and 2)
or DELABS' (3). The figures were drawn with Camerd&tCrystal
data collection and refinement parameters are collated in Table 1.

Results and Discussion

Synthesis.The ligands were synthesized by condensation
of phenyl salicylate with the corresponding-diamino+’-
hydroxyalkanesr, " = 3, 2 and 4, 2) in the presence of
triethylamine, in propan-2-ol. The reactions were carried out
in the presence of NEto avoid possible protonation of the
primary amine functions before their reaction to form the
amide bonds and also to avoid monocondensation of the
diamine with formation of “half-unit” ligands! The synthesis

de Chimie de Coordination at Toulouse, France. Infrared spectrapf complexesl and 2 was accomplished by reaction of

(4000-400 cnrt) were recorded on a Perkin-Elmer Spectrum GX
system 2000 FT-IR spectrometer as KBr pellets. The electronic
spectra (diffuse reflectance technique) were recorded with a UV4
UNICAM spectrophotometer in the range 28820 nm with MgO

as reference. 1BH NMR spectra were acquired at 250.13 MHz
on a Bruker WM250 spectrometer. 28C spectra usingH broad-
band decoupling*H} 13C and'H decoupling with selective proton
irradiation were obtained with a Bruker WM250 facility working
at 62.89 MHz. Chemical shifts are given in ppm versus TMS$ (
and 13C) using (CI3),SO as solvent. Variable-temperature (2.8
300 K) magnetic susceptibility data were collected on freshly

prepared crystalline samples of the complexes with a Quantum

Design MPMS SQUID susceptometer under a 0.1 T applied

magnetic field. Data were corrected with the standard procedure

for the contribution of the sample holder and for diamagnetism of
the samplé?

Crystallographic Data Collection and Structure Determina-
tion for 1 —3. Crystals ofl—3 were kept in the mother liquor until

(10) Brauer, G., Ed.Handbook of Preparatie Inorganic Chemistry
Academic Press: New York, 1965; Vol. 2, pp 146B470.
(11) Pascal, PAnn. Chim. Phys191Q 19, 5.
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diluted methanolic solutions of Mn(ClR+-6H,0, HsL* (1)
or HsL? (2), and pyrazole, in the presence of piperidine.
Formation of these complexes involves aerial oxidation of
Mn'" to Mn"" and full deprotonation of kL and HL? to
[LY5 and [L?]°, respectively. Complexek and 2 are the
first ever described doubly bridgedalkoxow-pyrazolato
dinuclear MAil' complexes of pentaanionic pentadentate

(12) CrysAlis RED version 1.170.32; Oxford Diffraction Ltd.: Oxford,

U.K., 2003.
(13) STOE: IPDS Manualversion 2.75; Stoe & Cie: Darmstadt, Germany,
1996.

(14) Sheldrick, G. MSHELXS-97: Program for the Solution of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997.

(15) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, M.J. Appl. Crystallogr 1994 27, 435.

(16) Sheldrick, G. MSHELXL-97 Program for the Refinement of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997.

(17) Farrugia, L. JJ. Appl. Crystallogr 1999 32, 837.

(18) Blessing, R. HActa Crystallogr, Sect. A1995 51, 33.

(19) Walker, N.; Stuart, D. DELABSActa Crystallogr 1983 A39, 158.

(20) Watkin, D. J.; Prout, C. K.; Pearce, L. CAMERON Chemical
Crystallography Laboratory, University of Oxford: Oxford, U.K.,
1996.
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Table 1. X-ray Crystallographic Data for the MhComplexes [Ma(LY)(pz)(MeOH)]-0.5MeOH (), [Mnz(L?)(pz)(MeOHY)] (2), and

[Mny(LY)(OACc)(MeOH)] (3)

param 1 2 3
chem formula G4.4H34MN2N4Og 5 CosH34MN2N4Og Co3H32MNoN2O1 1
fw 646.215 644.44 622.39
space group P1 P1 P1
a A 12.2050(7) 9.4560(5) 10.511(5)
b, A 12.7360(8) 11.0112(5) 11.713(5)
¢ A 19.2780(10) 13.8831(6) 13.135(5)
o, deg 99.735(5) 90.821(4) 64.401(5)
B, deg 96.003(4) 92.597(4) 74.000(5)
v, deg 101.221(5) 93.403(4) 66.774(5)
vV, A3 2867.6(3) 1441.29(12) 1329.3(10)
Z 4 2 2
T,K 180 180 180
A 0.71073 0.71073 0.71073
Pealcs grcm* 1.497 1.485 1.555
(Mo Ka), mmr? 0.939 0.932 1.011
Ra[l > 20(1)] 0.0519 0.0426 0.0911
WRO I > 20(1)] 0.1284 0.1030 0.2237
R (all data) 0.0841 0.0624 0.1685
WR® (all data) 0.1459 0.1101 0.2648

AR = Z||Fol — [Fel/Z[Fol. ®WR = [ZW(|Fo?| — |Fe])7Zw|Fo?% M2

ligands including amido donors. Compl8xvas synthesized
by reaction of diluted methanolic solutions of Mn(OA«)
2H,0 and HL! in the presence of piperidine. Attempts to
obtain theu-alkoxow-acetato dinuclear complex incorporat-
ing [L?]°~ were unsuccessful. Complexis3 are not soluble
in common solvents, which precluded carrying out solution
studies to gain some insight into their reactivity and
electrochemical properties.

Description of the Structures. Structure of [Mny(L?Y)-
(pz)(MeOH),]-0.5MeOH (1).The crystals ofi contain two
crystallographically independent molecules having similar

3.3956(6) and 3.3965(7) A and 126.33(9) and 126.69(10)
respectively. The intramolecular MrAMn distance is longer
than those observed in triply bridged hisflkoxo)w-acetato
dinuclear manganese(lll) compleX&%<and shorter than that
in the doubly bridged:-alkoxou-acetato dinuclear manga-
nese(lll) compleX. The Mn—O,oxo—Mn angle is larger than
those of triply bridged big(-alkoxo)u-acetato dinuclear
manganese(lll) complex®9k and smaller than that of the
doubly bridged:-alkoxoyu-acetato dinuclear manganese(lll)
complex®

The crystal packing ofl consists in 1D infinite chains

structural features. An ORTEP view of one molecule is developing alternately along two directions (Figure 2). This
shown in Figure 1. Selected bond distances and angles aré.D supramolecular network results from hydrogen-bonding
collated in Table 2. The molecular structure of the dinuclear interactions between the axially coordinated methanol mol-
complex1 shows that the two manganese ions are bridged ecules and the amido-oxygen atoms from adjacent dinuclear
by an alkoxo oxygen of the pentaanionic ligand and a molecules ofl. The methanol lattice molecule is also
pyrazolato anion. The ligand is almost planar. The carbon involved in a strong Qethans—H***Oamido hydrogen bond (B
atom bound to 013 (alkoxo oxygen atom) is disordered over H--*A, d (&), O (deg): 06-H56:+-08, 2.74, 154; OFH57-
two locations, C19A (62%) and C19B (38%). The coordina- --02%, 2.77, 176; O8H58---04*, 2.56, 168; O9-H59
tion polyhedra of the MH centers may be described as 02% 2.69, 171; 016H160--014* 3.15, 167; O17H170
elongated octahedra. The equatorial plane of each Mn is+*012%, 2.66, 167; O18H180--014*, 2.57, 179; 019
formed by phenoxo-oxygen, amido-nitrogen, and alkoxo- H190--0100%, 2.73, 160; 0106H100:-012, 2.74, 165;
oxygen donor atoms of [1°~ and by a pyrazolato nitrogen = symmetries (#1}-x, =y, —z+ 1, (#2)—x, -y + 1, -z +
atom (1.834-2.034 A range), while the axial positions are 1, (#3)—x+ 1, -y +1,—z #4) —x+ 1, -y + 2, —2).
occupied by the oxygen atom of methanol molecules with
significantly longer bond distances (2.242.436 A range).
These bond distances are comparable to those reported for
other dinuclear manganese(lll) compleXgggk

The intramolecular metalmetal separations (MrtMn2
and Mnl1%--Mnl12) and the angles Mr203—Mnl and
Mn11—-013—-Mn12 defining the core of the two crystallo-
graphically independent molecules are virtually identical,

(21) (a) Patra, A. K.; Ray, M.; Mukherjee, Rhorg. Chem200Q 39, 652.
(b) Kido, T.; Nagasato, S.; Sunatsuki, Y.; Matsumoto, Ghem.
Commun 200Q 2113. (c) Costes, J.-P.; Dahan, . R. Acad. Sci.
Paris Chim.2001, 4, 97. (d) Rowland, J. M.; Thornto, M. L.; Olmstead,
M. M.; Mascharak, P. Kinorg. Chem2001, 40, 1069. (e) Jimeez,
C. A.; Belmar, J. BTetrahedron2005 61, 3933.

Figure 1. Plot of one of the two independent molecules of prt)(pz)-
(MeOH),]-0.5MeCH (1) at the 30% probability level with atom numbering.
Hydrogen atoms are omitted for clarity.
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Figure 2. View of the crystal packing ot in a plane perpendicular tg

Stoicescu et al.

A and B with an occupancy factor of 0.5skf is dissym-
metrical and includes an asymmetric carbon atom, C9: in
this study, we used the racemic mixture ofl® and the
two resulting stereoisomers (Figure 3) are present in the unit
cell of the achiral crystal of compleR (P1 space group).
Similarly to 1, the coordination polyhedra of the Mn
centers may be described as elongated octahedra. The
equatorial plane of each Mn is formed by phenoxo-oxygen,
amido-nitrogen, and alkoxo-oxygen donor atoms oL
and by a pyrazolato nitrogen atom (1.832028 A range),
while the axial positions are occupied by the oxygen atom
of methanol molecules with significantly longer bond
distances (2.1962.417 A range). The MAOa,ox bond
distances are slightly longer than in complext he bonding
geometry around the alkoxo oxygen atom O3 is planar, the
sum of the three bond angles around O3 beingc9.
However, the coordination mode ofq2~ is not planar, the

showing 1D chains of hydrogen-bonded molecules. Hydrogen atoms not angle between the phenyl rings being® %8 7 and 12 for

involved in H-bonds are omitted for clarity.

Figure 3. Plot of [Mny(L?)(pz)(MeOH})] (2) at the 30% probability level
with atom numbering showing the relative conformations of the A and B
stereoisomers. Hydrogen atoms are omitted for clarity.

Figure 4. Crystal packing diagram of [MiiL2)(pz)(MeOH)] (2): View
perpendicular to thé-axis showing the hydrogen bonds which develop
along thea andc directions. For clarity, only one stereoisomer is shown
and hydrogen atoms not involved in H-bonds are omitted.

Structure of [Mn »(L?)(pz)(MeOH),] (2). At variance with
1, the crystals of2 contain only one crystallographically

the two independent moleculesinlt is also worth noting
that while the equatorial coordination planes and the pyra-
zolato mean-plane are roughly coplanaf iy and 3), they
significantly depart from coplanarity i (13°). The distance
Mn1---Mn2 (3.4282(5) A) is similar, but the MrIO3—
Mn2 angle (123.15(8) is smaller than that in complek
(126.33(9) and 126.69(10).

The crystal packing o consists in 2D sheets (Figure 4)
which result from hydrogen-bonding interactions similar to
those found in comple%. The distances between hydrogen-
bonded oxygen atoms are ©6)2 = 2.630(3), 08--04 =
2.664(2), 07--04 = 2.616(2), and 09-07 = 2.741(2) A.

Structure of [Mn x(L1)(OAc)(MeOH)4] (3). A complex
similar to 3 has been described in the literatérdin,(LY)-
(OAC)(py)]-py-H20 (3). The molecular structure @& is
shown in Figure 5, and selected bond distances and angles
are listed in Table 4. The two manganese ions are bridged
by the alkoxo oxygen atom of the fully deprotonated ligand
and the acetato anion.

The bonding geometry around the alkoxo oxygen atom
03 is almost planar, the sum of the three bond angles around
03 (=356°) being very close to those ih (~355°) and2
(~359). The Mn—O,kexo distances in the acetato-bridged
complexes3 and3' are nearly equal to each other, 1.938
1.955 A range, but longer than those in the pyrazolato-
bridged complexl (1.894-1.907 A range). In spite of this
small difference, the coordination polyhedra of the 'Mn
centers in3 may be described, similarly t& and 2, as
elongated octahedra. The equatorial plane of each Mn is
formed by phenoxo-oxygen, amido-nitrogen, and alkoxo-
oxygen donor atoms of [[5~ and by an acetato oxygen atom
(1.837-1.985 A range), and the axial positions are occupied
by the oxygen atom of methanol molecules with significantly
longer bond distances (2.24@.405 A range). The apical
donor atoms in compleg, which are roughly perpendicular

independent dinuclear molecule having structural featuresto the NQ equatorial planes, deviate by more thai tdm

similar to those of both independent moleculeslinAn
ORTEP view of the molecule is shown in Figure 3, while

linearity: O9-Mn1—-08= 169.5(2} and O16-Mn2—-011
= 168.5(3}, while the corresponding angles range from

the relevant bond distances and angles are listed in Table 3168.36(8) to 176.53(8)in the pyrazolato-bridged complex
Atoms C9 and C10 are statistically disordered over locations 1. The Mn1+-Mn2 distance ir3 (3.541(3) A) is similar to
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Table 2. Selected Bond Distances (A) and Angles (deg) for jA)(pz)(MeOH)]-0.5MeOH (1)

Mn1—N1 1.948(2) Mn1-N3 2.034(2) Mnt-0O1 1.8381(19) Mn%03 1.9045(18)
Mn1-06 2.277(2) Mn+-0O7 2.279(2) Mn2-N2 1.928(2) Mn2-N4 2.020(2)
Mn2—-03 1.9009(18) Mn205 1.8347(19) Mn208 2.436(2) Mn2-09 2.249(2)
Mn11—-N11 1.948(2) Mn11N13 2.026(2) Mn11+011 1.836(2) Mn11+013 1.894(2)
Mn11-016 2.299(2) Mn1+017 2.249(2) Mn12N12 1.938(2) Mn12-015 1.8344(19)
Mn12—-013 1.9065(19) Mn12N14 2.020(2) Mn12-018 2.326(2) Mn12019 2.309(2)
N1-Mnl1-06 91.39(9) N+Mn1-07 96.26(8) N3-Mn1-06 86.41(8) N3-Mn1-07 84.51(8)
01-Mnl1-N1 93.19(9) O+Mn1-N3 97.01(9) O+Mn1-06 94.31(8) O+Mn1-07 94.02(8)
03—Mn1-N1 83.25(8) 03-Mn1-N3 86.59(8) 03-Mn1-06 87.28(8) 03-Mn1-07 84.93(8)
N2—Mn2—-08 93.82(8) N2-Mn2—09 91.38(9) N4-Mn2—08 84.13(8) N4-Mn2—09 90.22(9)
03—Mn2—N2 83.03(9) 03-Mn2—N4 86.45(8) 03-Mn2—-08 86.99(7) 03-Mn2—09 90.75(8)
0O5—-Mn2—N2 94.29(9) O5-Mn2—N4 96.14(9) 0O5-Mn2—-08 90.22(8) 0O5Mn2—-09 92.30(9)
N11—Mn11-016 93.42(10) N1+Mn11-017 88.31(9) N13Mn11-016 87.91(10) N13Mn11-017 89.76(9)
011-Mn11-N11 94.87(10) 011+Mn11-N13 95.20(9) 011+Mn11-016 91.33(9) 011Mn11-017 92.08(9)
013-Mn11-N11 83.48(9) 013Mn11-N13 86.49(9) 013Mn11-016 87.34(9) 013Mn11-017 89.30(8)
N12—-Mn12-018 91.91(10) N12Mn12—-019 90.60(9) N14Mn12-018 86.50(9) N14Mn12-019 91.44(8)
013-Mn12—-N12 83.46(9) 013 Mnl12—-N14 86.45(9) 013Mn12-018 90.60(9) 013Mn12—-019 92.05(8)
015-Mn12—-N12 94.40(9) 015Mn12—-N14 95.64(9) 015Mn12-018 87.77(9) 015Mn12—-019 89.67(8)
Table 3. Selected Bond Distances (A) and Angles (deg) for JWR)(pz)(MeOH)] (2)
Mn1-N1 1.915(2) Mn1N3 2.006(2) Mn2-N2 1.968(2) Mn2-N4 2.028(2)
Mn1-01 1.8390(17) Mnt03 1.9472(15) Mn203 1.9511(15) Mn2 05 1.8530(16)
Mn1—-06 2.2719(18) Mn%0O7 2.4171(18) Mn208 2.1895(17) Mn209 2.3339(17)
N1-Mn1-03 86.31(7) N+Mn1-06 88.61(8) N2-Mn2—-08 90.66(8) N2-Mn2—-09 87.13(7)
N1-Mnl1-0O7 95.30(7) N3-Mn1-06 88.08(7) N4-Mn2—08 96.19(7) N4Mn2—-09 86.08(7)
N3—Mn1-07 88.03(7) O+Mnl1—-N1 94.06(8) 03-Mn2—N2 94.45(7) 03-Mn2—N4 86.06(7)
01-Mn1-N3 91.98(8) O+Mn1-06 91.05(8) 03-Mn2—-08 92.82(7) 03-Mn2—-09 84.33(6)
01-Mn1-07 88.71(8) O3Mn1—N3 88.04(7) O5-Mn2—N2 91.01(8) 0O5-Mn2—N4 88.36(8)
03—Mn1-06 95.34(7) 03-Mn1-07 84.90(6) 05Mn2—08 88.53(7) 05Mn2—09 94.54(7)
Mn1-03-C9A 112.2(3) Mn1t-03—-C9B 111.7(3) Mn2-O3—C9A 123.5(3) Mn2-03—-C9B 123.5(3)

that found in3' (3.552(2) A) but is longer than that of the
pyrazolato-bridged complek as a consequence of the longer
three-atom bridge i and3'. The Mn1-03—Mn2 angle in

3, 130.9(3J, is slightly smaller than the corresponding angle
reported for3', 132.5(2J, but larger than those found in
complex1 (126.33(9) and 126.69(19)

The crystal packing oB consists in 1D infinite zigzag
chains (Figure 6) resulting from intermolecular hydrogen-
bonding interactions involving the axially coordinated metha-
nol molecules and the amido-oxygen atoms. All apically
coordinated methanol molecules participate in intramolecular
hydrogen bonds. The diffraction data are not good enough
to allow determining the location of theHDhydrogen atoms
of the methanol moleculesl,(A: 08::-02 = 2.593(8), 09
--04=2.801(10), O16-04=2.697(9), O11--0O8=2.811-
9).

UV—Vis Spectroscopy.The dinuclear MH complexes
1-3 exhibit solid-state electronic spectra typical of a high-
spin d" electron configuratio? The spectra are characterized

Figure 5. Plot of [Mny(LY)(OAc)(MeOH)] (3) at the 30% probability
level with atom numbering. Hydrogen atoms are omitted for clarity.

by several absorption bands in the region ranging from 348
to 696 nm. The strong absorption around 350 nm (also
present in the spectra ofsH and HL?) is ligand related.
Probably due to the very broad solid state absorptions, LMCT
bands from phenoxo oxygens are not clearly visible. The
weaker low-energy absorptions (48896 nm) are assigned
to d—d transitions. These spectral features are consistent with
the elongated octahedral environment of manganese(lll)
ions?2b:22

Magnetic Properties. The magnetic susceptibility of
complexes1—3 has been measured in the 30 K

Figure 6. Crystal packing diagram of [MiiL)(OAc)(MeOH)] (3)
showing 1D zigzag chains formed by hydrogen bonds in a plane
perpendicular t@. Hydrogen atoms not involved in H-bonds are omitted
for clarity.
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measured data, and the lines are the best fits based on the Hamiltonian of

eq 1 (see text).
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brought about significant improvements to the fits2adind

3. On the other hand, the improvement to the fitlofvas
also marginal. It was thus decided that this was the most
appropriate model for the interpretation of our data. The
implemented Hamiltonian wés

|:| = —ZJAS\/mlASan + D(ASzMnl2 + ézMnZZ) (1)

This model reproduced the experimental curve very well,
except for small disagreements at low temperature, which
may be due to simultaneous operation of intermolecular
interactions between adjacent dinuclear molecules through
the weak Qmide **Omethanol CONtacts yielding 1D chainsl(

3) or 2D sheets?) (see Description of Structures). However,
since intermolecular interactions brought marginal improve-
ments to the fits o2 and3, and to avoid overparametrization,
only zero-field splittings were considered. The parameter
values for the best fits, shown as solid lines in Figure 7,
were as the following:J= —3.6(3) cm, D~ 0cnmi, g=
1.93(6),p=3.3% (1); J= —2.7(3) cm%, D = 0.8(2) cn?,

temperature range, under an applied magnetic field of 0.1g = 1.93(6),p = 1.5% @); J = —4.9(4) cmi%, D = 3.8(3)

T. The ymT product of all three dinuclear compounds

cmt, g = 1.95(5),p = 0.5% @).

decreases upon cooling (Figure 7), suggesting operation of The J, D, g, and structural parameter values significant

antiferromagnetic interactions between 'Mions.

The magnetic susceptibilityu, increases from values of
0.018 (, 3) and 0.019 2) cm® mol* at 300 K to broad
maxima of 0.123 and 0.064 émmol™* at ~13 and~28 K
for 2 and 3, respectively, typical of antiferromagnetic

for magnete-structural correlations (M#-Mn distance and
Mn—0O,koxos—Mn angle) of compound&—3 are collated in
Table 5, together with those of otheralkoxo-bridged
dinuclear manganese(lll) complexes including one auxiliary
bridge.

interactions. Characteristic paramagnetic tails appear below Compoundsl—3 including one alkoxo bridge associated

~5 K. The corresponding maximum @&fis masked by the

with one pyrazolato (acetato) bridge are characterized by

paramagnetic tail and appears as a shoulder around 15 Kjarge Mn--Mn distances (3.463.54 A) and Mr-Ogoxo—

The values ofyuT are 5.4 {, 3) and 5.7 2) cm® mol™* K at
300 K, which is lower than the spin-only value for two
noninteractings= 2 metal centers (6.00 ¢mol ! K). These
values and the presence of maxima in fhevs T data are

Mn angles in the 123131° range. The-2.7 to—4.9 cm*
range ofJ values for this first series is not very broad in
agreement with the small(Mn---Mn) and A(MNn—Ogjkoxo—
Mn) ranges. The small absolute values Dbfagree with

both indications of antiferromagnetic interactions. The same overlap through the 2p oxygen orbitals, and the small

conclusion may be drawn from the constant dropy@f
upon decreasing temperature. The slight increagg bklow

prevalence of antiferromagnetic vs ferromagnetic interactions
is in keeping with the quite large values of the M@akoxs—

7 K is attributed to the presence of a small fraction of Mn angle.

paramagnetic impurityp). To fit these experimental data,

The compounds in lines46 including one alkoxo bridge

a simple system of two exchange-coupled manganese(lll)associated with one NC—C—O bridge from the second

ions was considered.Initial attempts to fit the data with
this simple model yielded satisfactory results only fpwith
discrepancies at lower temperaturesZ@nd3. Considering

pentadentate ligand are characterized by slightly larger Mn
--Mn distances (3.763.82 A) and MA-O.jox—Mn angles
in the 125-129 range. Similarly to the previous series, the

the lattice structures of the complexes, we may assume the—3.6 to —5.8 cnv?! range ofJ values for this second series
interplay of H-bond-mediated intermolecular magnetic in- is not very broad in agreement with the sma{Mn-+-Mn)
teractions. On the other hand, the axially elongated octahedraland A(Mn—Oaox—Mn) ranges. Again, the small absolute

coordination spheres of the Mred us to assume that zero-
field splitting effects might be operative. Introduction of an
intermolecular interaction according to the mean-fiellé=
—22J%,[$, Hamiltonian afforded a slight improvement to the
fits of 2 and 3, while the improvement to the fit of was
marginal. Introducing, however, a zero-field splitting term
D, common for both manganese sitd3; (= D, = D),

(22) (a) Dingle, R.Acta Chem. Scandl966 20, 33. (b) Boucher, L. J.;
Day, V. W.Inorg. Chem 1977, 16, 1360. (c) Arulsamy, N.; Glerup,
J.; Hazell, A.; Hodgson, D. J.; McKenzie, C. J.; Toftlund, IHorg.
Chem 1994 33, 3023.

(23) O’Connor, C. JProg. Inorg. Chem1982 29, 203.
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values ofJ agree with overlap through the 2p oxygen orbitals
and the small prevalence of antiferromagnetic vs ferromag-
netic interactions is in keeping with the quite large values
of the Mn—O,kexo—Mn angle (125-129°). However, due

to (i) the four-atom auxiliary bridge vs the two- or three-
atom auxiliary bridge in—3, (ii) the slightly larger Mn--

Mn distances, and (iii) the overlapping ranges of -Mn
Oakoxo—Mn angles, we would not expect slightly largér
values than fol—3. On the other hand, we note that the

(24) Garge, P.; Chikate, R.; Padhye, S.; Savariault, J. M.; De Loth, P;
Tuchagues, J.-Anorg. Chem199Q 29, 3315 and references therein.
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Table 4. Selected Bond Distances (A) and Angles (deg) for JllA)(OAc)(MeOH)] (3)

Mn1-N1 1.962(7) Mn1-01 1.837(7) Mn2-N2 1.958(8) Mn2-03 1.955(6)
Mn1-03 1.939(7) Mn1-06 1.985(6) Mn2-05 1.837(7) Mn2-07 1.985(6)
Mn1-08 2.405(7) Mn%-09 2.261(7) Mn2-010 2.246(7) Mn2011 2.291(7)
N1-Mn1-08 93.2(3) Ni-Mn1-09 92.6(3) N2-Mn2—010 93.6(3) N2-Mn2-011 95.7(3)
01-Mni-N1 93.5(3) OEMn1-06 87.2(3) 03-Mn2—N2 83.9(3) 03-Mn2-07 95.4(3)
01-Mn1-08 92.9(3) OrMn1-09 95.4(3) 03-Mn2-010 87.7(3) 03Mn2-011 86.5(2)
03-Mni1-N1 83.1(3) 03-Mn1-06 96.3(2) O5-Mn2—N2 91.7(3) 05-Mn2—-07 89.1(3)
03-Mn1-08 84.9(3) 03-Mn1-09 87.2(3) 05-Mn2-010 95.7(3) 05Mn2-011 90.8(3)
06-Mn1-08 86.3(2) 06-Mn1-09 87.8(3) O7Mn2-010 85.5(3) 0#Mn2-011 85.2(3)

Table 5. Magnetic Parameters for Complexes3 and Related Dinuclear Mh Complexes

complex J(cm?) D (cm™) g Mn:+-Mn (A) Mn—0—Mn (deg) ref

1 —3.6 0 1.93 3.396 126.5

2 2.7 0.8 1.93 3.428 123.2

3 —4.9 3.8 1.95 3.541 130.9

[Mn" »(5Cl-salpro)(MeOH) -36 1.95 3.808 128.9 25
[Mn!" (salproy(thf)] -55 2.00 3.756 1245 26
[Mn" 5(salpro}(H,0)]b 5.8 2.00 3.818 126.0 27
[Mn" (3NO,-salpro)p-2dmF -16 -25 2.06 3.223 100.5 2e
[Mn"L],:2MeCNH +4.5 2.00 3.243 100.7 28
[Mn'",L'(OMe)Ch(MeOH)]® -15.6 2.01 3.006 101.6 2b
[Mn",L"(OMe)(NCOX(H20)2]® —16.5 2.00 2.980 100.3 2b

a5Cl-salpro= 1,3-bis(5-chlorosalicylidenamino)propan-2-bkalpro= 1,3-bis(salicylidenamino)propan-2-613NO,-salpro= 1,3-bis(3-nitrosalicylide-
namino)propan-2-off L = 1-salicylamino-3-salicylidenaminopropan-2-6L' = 1,5-bis(salicylidenamino)pentan-3-ol.

ranges overlap<3.6 to—5.8 cnt! vs —2.7 to—4.9 cn?l) the compounds in lines 7 and 8 may be at the origin of their
and the difference between these two ranges may be notmarked difference in magnetic behavior (antiferromagnetic
significant because the two series of compounds do notvs ferromagnetic). In the case of [MBNO.-salpro)}:

pertain to the same structural type and also while the 2dm#fe (line 7), (i) each pentadentate ligand bridges the two

interpretation of the experimental data take bathnd D Mn centers through its alkoxo oxygen atom, (ii) the 3NO
for the first series, it only takesinto account for the second  salpro pentadentate ligands include two imine nitrogen
one. donors, and (iii) the experimental data concern the3@0

Concerning1—3, the Mn—Oakoxo—Mn bridging angle K range and their interpretation takes battand D into
seems to be the essential factor determining the magnitudeaccount. In the case of [MH.],-2MeCNe8 (line 8), (i) each
of the antiferromagnetic exchange interaction. As previously pentadentate ligand wraps around one Mn center and the
discussed, this angle decreases in the 08d@30.9) > 1 alkoxo oxygen atom of each [MW] component is also
(126.5(average))> 2 (123.2), and theJ value (Table 5) bonded to the Mn center of the second [Mi} component
decreases in the same order. More precisely] thagnitude but with a larger Mr-O distance (2.27 vs 1.94 A) yielding

shows a linear correlation)(= —3.4% + 113.83,R = dissymmetrical bridges, (ii) the dissymmetrical L (1-salicy-

0.99975) with the Ma-O—Mn angle® for complexesl—3, lamino-3-salicylidenaminopropan-2-ol) pentadentate ligands
which exhibit similar coordination spheres and bridging include one amine and one imine nitrogen donors yielding
modes. a less delocalized and less rigid coordination environment

Although the common characteristic of compounds in lines to the Mn centers, and (iii) the experimental data concern
7—10 is that, in addition to the alkoxo bridge common to the 80-300 K range and their interpretation takes odly
all compounds of Table 5, they include one additional alkoxo into account. While part iii may affect only the absolute value
bridge, thus imposing virtually the same MQakoxos—Mn of J, parts i and ii imply quite different structural and
angle of ~10C, they exhibit significant differences. The electronic characteristics which affect the nature of the
compounds in lines 7 and 8 include alkoxo bridges from interaction.
two identical pentadentate ligands and are characterized by Finally, the additional alkoxo bridge for the compounds
still large Mrr--Mn distances (3.223.24 Arange): the small i, jines 9 and 10 originates from a methoxo anion, conferring
Mn—Ogkoxo—Mn angles ¢100) then diminishes the already an overall geometry similar to that in compourids3 (first
small prevalence of antiferromagnetic vs ferromagnetic ¢qries of Table 5). Together with the larger-#0~+++N bite
interactions (line 7,-1.6 cn1?) or allows a small prevalence of L', these two monatomic bridges impose a shorter-Mn
of ferromagnetic vs antiferromagnetic interactions (line 8, .\1n distance €3 A) that allows not only larger overlap
+4.5 cm't). Moreover, three significant differences between through the 2p oxygen orbitals but also possibly weak

, : , _ through-space overlap of the 3arbitals leading to larger
(25) Bonadies, J. A.; Kirk, M. L.; Lah, M. S.; Kessissoglou, D. P.; Hatfield, . . I ..
W. E.; Pecoraro, V. Linorg. Chem 1989 28, 2037. antiferromagnetic contributions to the bulk magnetic interac-
(26) Bertoncello, K.; Fallon, G. D.; Murray, K. S.; Tiekink, E. R.Morg. tion.
Chem 1991, 30, 3562.

(27) Mikuriya, M.; Yamato, Y.; Tokii, T.Bull. Chem. Soc. Jpri992 65,
1466. (28) Mikuriya, M.; Yamato, Y.; Tokii, T.Chem. Lett1992 1571.
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The obtained values are in the range of those previously
reporteck®?® Positive D parameters are usually associated
with either tetragonal compression or trigonal bipyramidal
five-coordinatior?®23°However, by considering the interac-
tion between the ground state and LMCT states with the
valence bond configuration interaction (VBCI) model, it has
been recently shown th&t can be positive for tetragonally
elongated M complexes! Nevertheless, we recall that the
sign of D cannot be safely determined from magnetic
susceptibility data alone; therefore, sign attribution is only
tentative.

Conclusions

In this paper we report on the first examples of doubly
bridged u-alkoxou-pyrazolato dinuclear manganese(lll)
complexes. The X-ray diffraction analysis revealed that
complexesl—3 consist of dinuclear units which are further

(29) (a) Kennedy, B. J.; Murray, K. $norg. Chem 1985 24, 1557. (b)
Wieghardt, K.Angew. Chem., Int. EA989 28, 1153. (c) Thorp, H.
H.; Brudvig, G. W.New J. Chem1991, 15, 479.

(30) Whittaker, J. W.; Whittaker, M. MJ. Am. Chem. Sod 991, 113
5528.

(31) (a) Mossin, S.; Weihe, H.; Barra, A. 1. Am. Chem. So€002 124,

8764. (b) Costes, J.-P.; Dahan, F.; Donnadieu, B.; Rodriguez Douton,
M.-J.; Bousseksou, A.; Tuchagues, Jifarg. Chem2004 43, 2736.
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extended into 1D X and 3) or 2D (2) supramolecular
networks via hydrogen-bonding interactions involving the
noncoordinated amido-oxygen atoms of the pentadentate
ligands and coordinated methanol-oxygen atoms. These
interactions are likely to play an important role in the
stabilization of the crystal molecular structures. The magnetic
behavior of these doubly bridgedalkoxo-«-pyrazolato (or
acetato) species is dominated by intradinuclear antiferro-
magnetic superexchange interactions suggesting that the
intermolecular interactions operating through the extended
network of ORnethanot**Oamido CONtacts are too weak to play

a significant role in the magnetic properties of these
manganese(lll) complexes.
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