© 1997 The Chemical Society of Japan

Synthesis and Structural Characterization of Manganese(II) Complexes
with N,N'-Bis(2-pyridylmethylene)-1,3-diaminopropan-2-ol
or N,N'-Bis(2-pyridylmethylene)-1,3-propanediamine

Masahiro Mikuriya,* Yasushi Hatano, and Eiji Asato!

Department of Chemistry, School of Science, Kwansei Gakuin University, Uegahara, Nishinomiya 662

{Department of Chemistry, Biology and Marine Science, University of the Ryukyus, Nishihara-cho, Okinawa 903-01

(Received June 9, 1997)

Manganese(Il) complexes with N,N’-bis(2-pyridylmethylene)-1,3-diaminopropan-2-ol (HLY) or N,N'-bis(2-pyridyl-
methylene)- 1,3-propanediamine (L?), [Mn(HL')(NO3)] (1) and [Mn(HL')(NCS),] (2), [Mn(HL")(phen)I(C1O4), (3),
[Mny(L")(CH;COO)(phen))(CIO4 ), (4), Mn(L*)(NO3),] (5), Mn(L?)(bpy)(CH;OH)I(C104)z (6), IMn(L*)(NCS).] (7),
[Mn(LZ)(phen)](CIO‘;)z (8), have been synthesized and characterized by measurements of the infrared, electronic, and
ESR spectra, and magnetic susceptibilities. The molecular structures of these complexes were determined by the single-
crystal X-ray structure analysis. The complexes 1-C,HsOH and 5 have an eight-coordinated manganese atom with a square
antiprism geometry. The complex 6 is seven-coordinated in a monocapped trigonal prism. The manganese atoms of 2,
7, and 8 are six-coordinated in a trigonal prism environment. The coordination environment of 3 is disordered between
the seven- and six-coordinate geometries. The complex 4-H,O is a dinuclear molecule comprising two octahedral Mn(1I)

atoms.

There has been considerable interest in the coordination
chemistry of manganese compounds because of their poten-
tial utilities as model compounds of manganese containing
proteins which would show significant involvement of man-
ganese in various biological systems." This results in a num-
ber of reports on manganese(Il) complexes. Manganese-
() ion takes usually a high-spin d® electronic configura-
tion, which gives no crystal field stabilization energies for
any coordination geometries. This configuration may enable
us various coordination geometries for manganese(Il) com-
plexes. However, surprisingly, most manganese(ll) com-
plexes take an octahedral geometry and only few examples
are known to take the other coordination geometries.? Es-
pecially coordination numbers exceeding six are uncommon
for manganese(Il). These facts show that manganese(Il) ion
prefers a limited number of coordination geometries which
minimize ligand-ligand repulsions. As part of a continuing
project on manganese complexes,>™'" we reported on the
synthesis and characterization of several manganese com-
plexes with organic ligands. From these studies, we felt
that pyridyl group seems to favor the manganese(Il) state.'”
In fact, we obtained some manganese(Il) complexes with
pyridyl-containing ligands, which have an octahedral geom-
etry around the manganese(Il) atom.>* During this activ-
ity, we have found novel eight-, seven-, and six-coordinate
manganese(Il) geometries are formed in the cases for the two
pyridyl-containing Schiff-base ligands: N,N'-bis(2-pyridyl-
methyléne)-1,3-diaminopropan-2-ol (HL!) and N,N’-bis(2-
pyridylmethylene)-1,3-propanediamine (L.2) (Chart 1). As
for the latter ligand, Chiswell and Taylor reported a series of
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manganese(Il) complexes involving [Mn(L?)X,] (X=ClOy,
Cl, Br, I, NCS).'» However, their structural characteriza-
tion is limited to the solid state IR or ESR spectral features
and they did not elucidate any crystal structures by the X-
ray crystallography. Herein we report our findings on X-
ray crystal structures of manganese(Il) complexes with these
ligands. A preliminary account of this study has been previ-
ously reported.' ’

Experimental

Synthesis of the Complexes. N,N’'-Bis(2-pyridylmethylene)-
1,3-diaminopropan-2-ol (HL') and N,N'-bis(2-pyridylmethylene)-
1,3-propanediamine (L?) were synthesized according to a method
reported by Campbell and Urbach.'

[Mn(HLY(NO3)] (1).  Ligand HL' (53 mg, 0.20 mmol)
was dissolved in ethanol (11 cm?), then manganese(II) nitrate hexa-
hydrate (43 mg, 0.15 mmol) was added with stirring. After the
solution had been filtered, the filtrate was kept at room temperature
for several days. Pale yellow plates were deposited and collected by
filtration and dried in vacuo over P,Os to remove the solvent: Yield,
53 mg (80% on the basis of manganese(Il) nitrate hexahydrate used).
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Found: C, 40.25; H, 3.56; N, 18.78%. Calcd for CisH;sMnNsO7:
C, 40.28; H, 3.61; N, 18.79%. IR (Nujol mull) v(OH) 3374(br);
v(C=N) 1649(m), 1592(s), v(NO3) 1459(s), 1326(s), 1301(s) cm ™.
ter (295 K, BM.) 5.73. Av (CH;O0H)/Smol™'cm® 140 (lit,
range for 2: 1 electrolytes,'> 160—220 S mol ™' cm?). Ay (DMF
(N,N-dimethylformamide))/S mol ' cm? 134 (lit, range for 2:1
electrolytes,'” 130—170 Smol~! cm?). Diffuse reflectance spec-
trum: Amax/nm 269, 310sh, 375sh, 405sh. Electronic spectrum in
CH30H: Amax/nm (¢/dm’ mol ™' cm™") 281 (12400).
[Mn(HL")(NCS)] (2). Ligand HL! (27 mg, 0.10 mmol)
was dissolved in a mixed solvent of ethanol (3 cm®) and meth-
anol (7 cm®); then manganese(ll) bromide tetrahydrate (29 mg,
0.10 mmol) and sodium thiocyanate (16 mg, 0.20 mmol) were
added. After the solution was allowed to stand for several days
at room temperature, yellow needles resulted, which were filtered
and dried in vacuo over P,Os: Yield, 25 mg (57% on the basis of
manganese(Il) bromide tetrahydrate used). Found: C, 46.19; H,
3.52; N, 18.75%. Calcd for C7HisMnNeOS;: C, 46.47; H, 3.67;
N, 19.13%. IR (Nyjol mull) v(OH) 3366(br); v(NCS) 2069(s),
2052(s); v(C=N) 1644(m), 1591(s) cm . zes (285 K, B.M.) 5.98.
m(CH30H)/S mol =" cm? 100 (lit, range for 1:1 electrolytes,'
80—115 Smol™! cm?). Au(DMF)/Smol~" cm? 88 (lit, range for
1:1electrolytes,'” 65—90 S mol ™! cm?). Diffuse reflectance spec-
trum:  Amax/nm 268, 330, 400, 570sh. Electronic spectrum in
CH30H: Amax/nm (&/dm® mol ™" em™") 267 (14900).
[Mn(HL')(phen)](C1O4); (3).  Ligand HL' (27 mg, 0.10
mmol) was dissolved in a mixture of 1-propanol (10 cm’ ) and water
(0.5 ml). While the solution was stirred, manganese(Il) perchlorate
hexahydrate (35 mg, 0.097 mmol) and 1,10-phenanthroline mono-
hydrate (20 mg, 0.10 mmol) were added, and the resulting solution
was filtered. The filtrate was allowed to stand for several days at
room temperature to give yellow needles. These were collected
by filtration and dried in vacuo over P,Os: Yield, 33 mg (48% on
the basis of manganese(Il) perchlorate hexahydrate used). Found:
C, 45.98; H, 3.46; N, 11.90%. Calcd for Co7H4ClMnNgOy: C,
46.17; H, 3.44; N, 11.97%. IR (Nujol mull) v(OH) 3380(br);
¥(C=N) 1659(m), 1596(s), v(ClO4) 1080; 6 (CH(phen)) 846(s),
730(s) cm ™!, et (286 K, B.M.) 5.92. Ay (CH30H)/S mol ™! cm’
210. Av (DMF)/S mol™" cm? 170. Diffuse reflectance spectrum:
Amax/mm 261, 329, 400sh, 580sh. Electronic spectrum in CH;OH:
Amax/nm (£/dm® mol™' cm ™) 265 (36200).
[Mn,(L')(CH3COO)(phen); }(ClOy); (4).  Ligand HL! (27
mg, 0.10 mmol) was dissolved in a mixture of ethanol (8 cm®)
and methanol (2 cm?); then triethylamine (21 mg, 0.21 mmol),
manganese(I) acetate tetrahydrate (51 mg, 0.21 mmol), 1,10-phe-
nanthroline monohydrate (41 mg, 0.21 mmol), and sodium per-
chrolate (24 mg, 0.20 mmol) were successively added with stirring.
After the solution had been filtered, the filtrate was placed at room
temperature for several days. Dark reddish-orange columns were
deposited. They were collected by filtration and dried in vacuo
over P,0s: Yield, 46 mg (46% on the basis of HL' used). Found:
C, 4932, H, 3.76; N, 10.81%. Calcd for C41H34C12Mn2N8011:
C, 49.47; H, 3.44; N, 11.26%. IR (Nujol mull) v(C=N) 1661(sh),
1589(m); 145(CO0) 1559(s), v(COO) 1422(m), v(ClO4) 1089(s,
br); 8 (CH(phen)) 844(s), 729(s) cm™" . piesr (289 K, B.M.)/Mn 5.20.
Ja (CH30H)/S mol ™! cm® 235. Ay (DMF)/S mol ™! cm? 158. Dif-
fuse reflectance spectrum: Amax/nm 259, 325sh, 425sh. Electronic
spectrum in CH3OH: Auex/nm (£/dm® mol™" em™") 264 (75500).
[Mn(L?)(NO3).] (5). A solution of L? (31 mg, 0.12 mmol)
in ethanol (5 cm®) was slowly added to an ethanol solution (5 cm?)
of manganese(Il) nitrate hexahydrate (37 mg, 0.13 mmol). The
mixture was allowed to stand for several days at room tempera-
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ture to give pale yellow plates. They were collected by filtration
and dried in vacuo over P,Os: Yield, 41 mg (79% on the basis
of L2 used). Found: C, 41.76; H, 3.68; N. 19.50%. Calcd for
CisH;sMnNgOg: C, 41.78; H, 3.74; N, 19.49%. IR (Nujol mull)
v(C=N) 1648(m), 1592(s); v(NO3) 1427(sh), 1313(sh), 1304(s)
cm ™. pes (289 K, B.M.) 5.98. Aw (CH;OH)/S mol ™! em? 147. Ay
(DMF)/S mol~! cm? 135. Diffuse reflectance spectrum:  Amax/nm
270, 300sh, 350sh, 410sh. Electronic spectrum in CH;OH: Amay/nm
(&/dm® mol ™' cm™") 281 (15100).

[Mn(Lz)(bpy)(CH3OH)](ClO4)2 (6). To a solution of L? (29
mg, 0.11 mmol) in ethanol (7 ml)-methanol (3 ml), manganese(ll)
perchlorate hexahydrate (36 mg, 0.099 mmol) and 2,2’-bipyridyl
(17 mg, 0.10 mmol) were added with stirring. Then the solu-
tion was filtered and the filtrate was kept at room temperature for
several days to give pale yellow plates. They were collected by
filtration and dried in vacuo over P»Os: Yield, 36 mg (53% on
the basis of manganese(Il) perchlorate hexahydrate used). Found:
C, 44.77; H, 3.65; N, 12.38%. Calcd for CsH2sCl:MnNgOg: C,
44.97; H, 4.06; N, 12.10%. IR (Nujol mull) v(OH) 3364(br);
v(C=N) 1654(m), 1593(s); v(ClOs) 1089(s, br); &(CH(bipy))
762(s)em ™. e (295 K, B.M.) 5.89. Au (CH;0H)/S mol~! cm?
202. Ay (DMFE)Y/S mol ! cm? 160. Diffuse reflectance spectrum:
Amax/nm 273, 325, 370. Electronic spectrum in CH3OH: Apax/nm
(&/dm’ mol™" em™") 281 (27700).

[Mn(L®(NCS).] (7).  Ligand L? (25 mg, 0.099 mmol) was
dissolved in methanol (4 cm®), then manganese(Il) bromide tetrahy-
drate (30 mg, 0.10 mmol) and sodium thiocyanate (17 mg, 0.21
mmol) were added. After the mixture was allowed to stand for
several days at room temperature, yellow needles resulted; these
were filtered and dried in vacuo over P,Os: Yield, 23 mg (55%
on the basis of L? used). Found: C, 48.18; H, 3.75; N, 20.00%.
Caled for C7Hi16MnNgS,: C, 48.22; H, 3.81; N, 19.85%. IR
(Nujol mull) v(NCS) 2066(s), 2052(s); v(C=N) 1652(m), 1591(s)
cm™ . e (289 K, BM.) 5.85. Au (CH;0HY/S mol~! cm? 100.
v (DMF)/S mol~! cm? 90. Diffuse reflectance spectrum: Apa/nm
270, 320, 390sh, 600sh. Electronic spectrum in CH30H: Apa/nm
(g/dm® mol ' ecm™") 280 (14000).

[Mn(Lz)(phen)](ClO4)2 (8). Ligand L2 (28 mg, 0.11 mmol)
was dissolved in methanol (10 cm®). While the mixture was stirred,
manganese(Il) perchlorate hexahydrate (35 mg, 0.097 mmol) and 1,
10-phenanthroline monohydrate (19 mg, 0.096 mmol) were added.
The solution was allowed to stand for several days at room tem-
perature to give yellow needles. These were collected by filtration
and dried in vacuo over P,Os: Yield, 47 mg (71% on the basis
of 1,10-phenanthroline monohydrate used). Found: C, 47.13; H,
3.53; N, 11.96%. Calcd for C27H24CloMnNgOs: C, 47.25; H, 3.52;
N, 12.24%. IR (Nujol mull) v(C=N) 1653(m), 1595(s); v(ClO4)
1083(s, br); 6 (CH(phen)) 849(s), 730(s) cm™"'. tesr (285 K, B.M.)
5.88. v (CH3OH)Y/S mol~ cm? 222. Ay (DMF)/S mol ™~ em® 171.
Diffuse reflectance spectrum: Amax/nm 262, 322, 400sh, 600sh.
Electronic spectrum in CH;OH: Apex/nm (£/dm® mol =) cm ") 264
(45600).

Measurements. Carbon, hydrogen, and nitrogen analyses
were carried out using a Perkin—Elmer 2400 Series I CHNS/O
Analyzer. Infrared spectra were measured with a JASCO Infrared
Spectrophotometer model IR700 in the 4000—400 cm™! region.
Electronic conductivities were measured on a Horiba conductivity
meter DS-14. Electronic spectra were measured with a Shimadzu
UV-vis-NIR Recording Spectrophotometer Model UV-3100. Mag-
netic moments at room temperature were measured by a magnetic
susceptibility balance MSB-AUTO. Temperature dependence of
magnetic susceptibilities was measured over the 80—300 K temper-
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ature range by the Faraday method. The susceptibilities were cor-
rected for the diamagnetism of the constituent atoms using Pascal’s
constants.'® The effective magnetic moments were calculated from
the equation per =2.828+/yaT, where ya is the atomic magnetic
susceptibility. ESR spectra were recorded at liquid-nitrogen tem-
perature on a ESR spectrometer JES-TE 300. '

X-Ray Crystal Structure Analysis. X-Ray quality crys-
tals were collected from each solution and were not dried. The
crystals were sealed in a glass capillary together with the mother
liquor and mounted on an Enraf-Nonius CAD4 diffractometer using
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graphite-monochromated Mo K¢ radiation at 25+£1°C. Unit-cell
parameters were determined by a least-squares refinement based
on 25 reflections with 20<260<30°. Crystal data and details of
the date collection are given in Table 1. Intensity data were cor-
rected for Lorentz-polarization effects and absorption. The struc-
tures were solved by the direct methods and refined by the full-
matrix least-squares methods. All the non-hydrogen atoms were
refined with anisotropic thermal parameters. The hydrogen atoms
were inserted at their calculated positions and fixed at their po-
sitions. The final discrepancy factors, R = Z||Fo| — |Fc||/Z|Fol,

Table 1. Crystal Data and Data Collection Details

Complex [Mn(HLYH(NO3),] [Mn(HLHY(NCS),] [Mn(HL!)(phen)]- [Mna(LYY(CH;CO0)-
-C,HsOH 2) (Cl04)2, (3) (phen),1(Cl04),-H,0
(1-C,HsOH) (4-H,0)

Formula C17H22MnN6 Og C| 7H 1 5MIIN6082 C27 H24C12MnN6 09 C41 H36 CleIlz Ng 012

EW. 493.3 4394 702.4 1013.6

Crystal system Monoclinic Monoclinic Orthorhombic Triclinic

Space group P2i/a P2i/a Pnma P1

alA 9.618(2) 18.276(4) 19.660(4) 11.843(8)

b/A 27.984(3) 8.673(1) 11.805(3) 12.067(12)

c/A 8.255(2) 13.511(3) 12.941(4) 16.835(17)

a/® 84.51(6)

B/° 99.85(1) 110.14(1) 76.01(7)

y/° 82.58(6)

VIA® 2189.8(8) 2010.5(7) 3003.4(12) 2310(4)

z 4 4 4 2

D./gem™® 1.50 1.45 1.55 1.46

Dp/gem ™3 1.49 1.46 1.55 1.50

1Mo Ka)lem™! 631 8.48 6.61 7.06

Crystal size /mm 0.50x0.48x0.20 0.41x0.40x0.25 0.50x0.31x0.16  0.55x0.46 x0.40

26 range/® 2.0—52.0 2.0—48.0 2.0—49.0 2.0—44.0

Total no. of 4397 3388 2849 5654

reflections measured

No. of unique reflections with I > 30(I) 2847 2239 1148 2608

R 0.057 0.036 0.080 0.069

Ry, 0.069 0.041 0.087 0.085

Complex [Mn(L*)(NOs)2] (5)  [Mn(L?)(bipy)(CH;0  [Mn(L*)(NCS)] (7) [Mn(L’)(phen)]-

H)](C1O4), (6) (Cl04)2 (8)

Formula Ci15H16MnNgOg C6H2sCl,MnNg Oy C17H16MnNgS, C27H54C1MnNgOg

Ew. 431.3 694.4 4234 686.4

Crystal system Monoclinic Monoclinic Monoclinic Orthorhombic

Space group P2 /a P2i/a P2, /n Pnma

alA 19.098(4) 18.173(2) 24.294(4) 18.846(4)

b/A 7.277(1) 10.416(1) 8.644(1) 11.628(1)

clA 13.585(3) 17.688(2) 9.482(1) 13.483(2)

a/®

B/° 106.06(1) 113.68(1) 97.295(5)

v/° ‘

VIA? 1814.3(6) 3066.1(6) 1975.2(5) 2944.8(8)

V4 4 4 4 4

D./gem™? 1.58 1.50 1.42 1.55

Dp/gem™ 1.60 1.51 1.43 1.53

uMo Ka)cm™ 743 6.47 8.57 6.70

Crystal size /mm 0.40x0.25x0.11  0.68 x 0.60 x 0.52 0.60x0.43x0.40 0.52x0.29x0.20

260 range/® 2.0—49.0 2.0—48.0 2.0—47.0 2.0—49.0

Total no. of 3277 5112 3145 2790

reflections measured

No. of unique reflections with 7 > 30(l) 1503 3553 2039 1276

R 0.044 0.052 0.039 0.046

Ry, 0.052 0.060 0.045 0.052
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Table 2.  Atomic Coordinates and Equivalent Isotropic Temperature Factors of Non-Hydrogen Atoms with Their Estimated
Standard Deviations in Parentheses

Atom x y z BI/A? Atom x y Z BIA?
[Mn(HL')(NO3),]-C,HsOH (1-C,HsOH) C16 0.8109(2) —0.1502(5) 0.6802(3) 4.48(9)
Mn 0.76882(7)  0.12265(3) 0.07354(9)  3.31(1) C17 1.0479(2) —0.3144(5) 0.7855(3) 3.88(9)
o1 0.8437(4) 0.0442(2) 0.5274(5) 5.7(1)

02 0.5855(5) 0.0712(2)  —0.0438(5) 7.2(1) [Mn(HL")(phen)](C104), (3)

03 075205 006932) —0.1790(5)  7.4(1) Mo 0.7538(1) 025 007622)  485(5)°
04 0.5750(5) 0.0239(2) —0.2537(6) 7.2(1) Cl1  1.0192(2) 025 0.2730(5) 8.3(1)?
05  07368@)  0.1785(2) —0.1326(5)  5.5(1) Cl2 07196(3) 025 _030595) 87"
06  056304)  0.1775(2) —0.0047(5)  7.0(1) Ola 08471 025 0216(2) 1209
07  05797(7)  02338(2) —0.1769(7)  9.6(2) Ol 07212 025 0.388(2) 1030)°
08 0128  01291(5) —04772) 234059 (55 (oga0(6)  0.155(1) 0.254(1) 18.14)
NI 09987(4)  0.12012)  003675) 3960 o1 yo101) 025 038402) 163(7)"
N2 08665(4)  00510)  0182005) 4099 o) 1oeol®) 025 0230(1) 1525
N3 0.6893(4)  0.1143(2) 0.3159(5) 3.75(9) 05 0'7627(9) 025 —0.230(1) 17.6(6)”
N4 0.83254)  0.1911(2)  0.2352(5)  3.73(9) : : — ‘
N5 0.6344(5)  0.0539(2) —0.1603(5)  4.5(1) 06 0.6777(7)  0.344(1) 0.297(1)  15.2(4)
' : 07  0747(1) 025 —0.404(2) 19.08)”

N6 0.6243(5) 0.19792)  —0.1078(5) 4.7(1)
Cl1 1.0670(6) 0.1546(2)  —0.0316(7) 4.9(1)
C2 1.2125(6) 0.1532(3)  —0.0308(8) 5.9(2)
C3 1.2857(6) 0.1141(3) 0.0353(9) 6.9(2)

N1 0.6727(4)  0.3859(7) 0.0378(7) 53(2)
N2 0.7451(5)  0.3669(8) 0.2100(7) 7.2(2)
N3 0.8331(4)  0.3649(7) 0.0006(6) 5.0(2)

C4 121776 00779G)  010078)  58) b 8'23?%% oAy _oona o
Cs  LO7B()  00RAQ) 010210 42 o oonl0 ged Torher oo
Co 099626 0M6Q)  OTSM) 48 O ool oo o10an  7ac)
C7 079396 0012(Q)  02565() SO0 Gl oeore oas® 0100 56
C8  07356) 003062  04035(7)  45() oo otooor U0 ol Th
CO 062425 00705Q) 0364 4d) oo 70D OSHON TERE S
Cl0 072716 01456 042546 40y i el 0380 128
Cil  08m5() 01886 038876  3sy  ob peel) 0 o SR 1D
Cl2 083B6()  02239Q) 0509 552 oo oSO BN GO 80
CI3  0s040®)  026413)  0de0l®)  66)  cF OSRNN BA0) ROCE) B
Cle 093347) 02690  030358) 57 o) oot B8 T SR
Cls 089646  02310)  019627)  ary - oiF 0O G0) ThA) S0

C16 0.271(2) 0.1104(6) —0.449(2) 16.6(5)°

c17 0.391(2) 0.1278(5) —0372(2) 14.7(4)° Cl4 0.8852(5) 0.3118(9) —0.0465(7) 4.7(2)

[Mn,(L')(CH3COO)(phen)](ClO4)2-H>0 (4-H,0)
Mnl 0.1641(2) 0.3174(2) 0.3395(1) 3.14(5)
Mn2 0.2884(2) 0.0404(2) 0.3046(1) 3.09(5)
CIl1  0.6409(4)  0.3453(5) 0.3691(3) 6.3(1)
C12  0.9102(7) 0.2492(6) —0.0968(3) 15.1(2)
0O1 0.2886(8)  0.1846(7) 0.3655(5) 2.8(2)
02  0.0292(8) 0.2112(8) 0.3854(6) 3.8(2)
03 0.1042(9)  0.0356(9) 0.3527(6) 4.4(3)

[Mn(HL")(NCS),] (2)

Mn 0.97747(3) 0.03890(6) 0.76418(4) 3.49(1)
N1 1.0952(2) 0.0936(4) 0.8991(2) 3.79(7)
N2 0.9523(2) 0.1737(4) 0.8933(2) 4.15(7)
N3 0.9032(2) 0.2427(4) 0.6710(2) 3.82(7)
N4 1.0276(2) 0.1167(3) 0.6380(2) 3.37(6)
N5 0.8662(2) —0.0770(4) 0.7153(3) 5.38(9)
N6 1.0319(2) —0.1878(4) 0.7754(3) 5.01(9)

S1 0.73415(8) —0.2566(2) 0.6317(1)  7.96(4) 8;‘ g'gé&g 8;;28 8"21238523 }g'ggi
S2 1.07124(7) —0.4965(1) 0.8001(1)  6.33(3) 06 0535(1)  0.394(2) 0.414(1) 14207)
0 0.8997(2)  0.4823(4) 0.8296(3)  7.13(9) o7 0624(2) 02302 0376(1) 15:6(7)
c1 1.1662(2)  0.0416(5) 0.9078(3)  4.59(9) : : ‘ ey
C2  123252) 0.0725(5)  099403)  4.7(1) 08 09732 03352 ~0U7(h) 11.36)7
3 122542) 016285  1.0736(3)  5.1(1) 09 0926(2)  0.1912)  —0.026(1) 1380
C4  L1533(2)  02194(55)  1.0666(3)  4.5(1) 010 0851(2)  0.1962)  —0.126(2) 7270
Cs 1.0893(2)  0.18024)  0.9781(3) 3718 Ol 09823  01573)  —0.160(2) 12017
c6 1.0099(2)  0.2261(5)  0.9683(3)  4.27(9) 012 0.789(3)  0294(3)  —0.102(2) 12(1)™”
c7 0.8739(2)  0.2302(6) 0.8823(3)  5.5(1) 013 0.821(4)  0.289(4)  —0.008(3) 16(2)*
o] 0.8482(2) 0.3572(5) 0.7989(3) 5.3(1) Ow 12783)  0.281(3) —0.245(2) 25(1)?
C9 0.8332(2)  0.3036(6) 0.6865(4) 5.2(1) N1~ 0.098(1)  0.5078(9) 0.3686(7) 3.5(3)
CI0  0.9234(2) 0.2988(4) 0.5985(3) 3.83(9) N2 0213(1)  0.3586(9) 0.4543(6) 3.13)
Cll  0.9913(2) 0.2365(4) 0.5772(3) 3.42(8) N3 0.363(1) -—0.022(1) 0.4137(7) 3.53)
Cl2  1.0139(2) 0.2945(4) 0.4975(3) 4.20(9) N4 0.328(1) —0.1535(9) 0.3074(7) 3.5(3)
C13 1.0790(2) 0.2327(5) 0.4814(3) 4.8(1) N5 0.078(D) 0.348(1) 0.2275(7) 3.93)

Ci4  1.1170(2)  0.1116(5) 0.5438(3) 4.48(9) N6  0.305(1)  0.3553(9) 0.2273(7) 3.2(3)
Cl15  1.0889(2)  0.0557(5) 0.6202(3) 3.99(8) N7 0.256(1)  0.069(1) 0.1756(7) 3.9(3)
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Table 2. (Continued)

Atom x y z B/A? Atom x y z B/A?
N8 0.463(1) 0.070(1) 02161(7)  4.1(3) C6 0.4144(4)  0.591(1) 03687(5)  3.52)
C1 0.047(2) 0.585(1) 0.323(1) 5.1(5) C7 0.2881(4)  0.555(1) 0.3495(5)  4.3(2)
2 0.024(2) 0.698(1) 0.342(1) 5.6(5) C8 0.23334)  0.591(1) 0.2477(6)  4.9Q2)
C3 0.054(2) 0.729(1) 0.411(1) 5.1(5) 9 021274)  0.427(1) 0.1768(6)  4.6(2)
C4 0.104(1) 0.651(1) 045729)  3.9(4) C10  0.2835(4)  0.415(1) 0.0605(5)  3.6(2)
C5 0.125(1) 0.542(1) 0.43448)  3.3(3) Cll  03480(4)  0.369(1) 0.0274(5)  3.9(2)
c6 0.189(1) 0.455(1) 0.4787(8)  3.6(4) Cl2  03534(4)  0413(1)  —0.0687(5)  4.6(2)
c7 0.282(1) 0.268(1) 0.4885(9)  4.3(4) C13 0414850  0364(1)  —0.0959(5)  5.5(2)
C8 -0.275(1) 0.161(1) 0.4508(8)  3.2(4) Cl4 046894  0274(1)  —0.0257(6) 5.6(2)
9 0.364(1) 0.067(1) 0.4670(8)  3.7(4) Cl15  046074)  0.236(1) 0.0694(5)  4.6(2)

C10 0.383(1)  —0.126(1) 0.4305(9)  4.2(4)
Cl1 0.374(1)  —0.203(D) 0.372009)  4.04)  [Mn(L*)(bipy)(CH;OH)](CIO4), (6)

C12 0.407(1) ~0.314(1) 0.381(1) 4.5(4) Mn 0.38326(3)  0.23172(7)  0.74857(4)  3.73(1)
C13 0.396(2)  —0.381(1) 0.321(1) 5.8(5) Cll  042366(8) 0.2668(1) 1.06561(7)  5.61(3)
Cl4 0.347(2) —0.336(1) 0.256(1) 5.5(5) C12  0.15395(9) —0.2827(1) 0.64363(8)  6.55(4)
C15 0.315(1) —0.219(1) 0.2517(9) 414 01 0.3913(2) 0.3805(3) 0.8480(2)  5.12(8)
C16 0.022(1) 0.109(1) 0.3817(8)  3.6(4) 02 0.4520(4)  0.2618(7) 1.0037(3)  13.6(2)
C17  —0.095(2) 0.069(1) 0.415(1) 6.1(5) 03 0.3570(4)  0.1859(6) 1.0478(5)  14.02)
C18  —0.034(1) 0.343(1) 0.2288(9)  4.5(4) 04 0.4858(4) 0.2316(7) 1.1376(3)  13.5(2)
C19  —0.076(1) 0.357(1) 0.157(1) 5.7(5) 05 0.3996(4) 0.3880(5) 1.0742(5)  14.1(2)
C20 0.001(2) 0.378(1) 0.0842(9)  5.3(5) 06 0.14773) —0.3167(5) 0.7180(3) 9.8(1)
C21 0.203(2) 0.406(1) 0.00499)  5.3(5) 07 0.0866(3) —0.3285(5) 0.5744(3)  10.1(2)
c22 0.317(2) 0.410(1) 0.0031(9)  5.6(5) 08 0.2238(3) —0.3375(5) 0.6401(3) 9.6(1)
C23 0.474(1) 0.392(1) 0.082(1) 4.7(4) 09 0.1568(3) —0.1467(4) 0.6373(3) 8.1(1)
C24 0.505(1) 0.375(1) 0.1549(9)  4.24) N1 0.4123(2) 0.4130(4) 0.6850(2) 4.16(8)
C25 0.417(1) 0.355(1) 0.2258(9)  3.94) N2 0.3329(2)  0.2030(4) 0.6056(2) 5.3(1)
C26 0.119(1) 0.385(1) 0.0793(9) 434 N3 0.4322(2) 0.0348(4) 0.7242(2) 5.2(1)
C27 0.155(1) 0.370(1) 0.1537(8)  3.4(3) N4 0.52192)  0.2168(4) 0.8287(2) 4.29(9)
C28 0.275(1) 0.375(1) 0.1526(8)  3.2(3) N5 0.2449(2) 0.2599(4) 0.7061(2) 4.39(8)
C29 0.357(1) 0.393(1) 0.0790(9) 424 N6 0.3366(2) 0.0929(4) 0.8190(2) 4.26(9)
C30 0.156(1) 0.064(1) 0.1573(9)  4.6(4) Cl1 0.4557(3)  0.5156(5) 0.7233(3) 4.6(1)

C31 0.136(2) 0.087(2) 0.078(1) 6.0(5) 2 0.4810(3) 0.6085(5) 0.6834(3) 5.4(1)
C32 022602 0.115(1) 0.0181(9)  6.0(5) C3 04588(3)  0.5982(5) 0.5999(3) 6.0(1)
C33 0.441(2) 0.147(1) —0.0257(9)  6.3(5) C4 0.4128(3) 0.4953(6) 0.5584(3) 5.6(1)
C34 0.542(2) 0.143(1) —0.007(1) 5.9(5) Cs 0.3909(2)  0.4044(5) 0.6029(3) 4.4(1)
C35 0.661(2) 0.120(2) 0.098(1) 6.6(6) C6 0.3451(3)  0.2911(6) 0.5630(3) 5.4(1)
C36 0.665(2) 0.093(2) 0.180(1) 7.1(6) C7 0.2899(3) 0.0871(7) 0.5633(4) 7.5(2)
C37  0.562(1) 0.071(2) 0.235(1) 5.4(5) Cs 0.3457(4) —0.0252(6) 0.5814(4) 8.5(2)
C38  0338(2) 0.118(1) 0.0336(9)  5.2(5) C9 0.3815(4) —0.0667(6) 0.6700(4)  7.6(2)
C39 03491 0.094(1) 0.1158(8)  3.7(4) C10  0.5066(3)  0.0156(5) 0.75973)  5.5(1)
C40  0.459(1) 0.096(1) 013519 414 Cll  05585(3)  0.1112(5) 0.8158(3)  4.6(1)
C41 0.557(1) 0.122(1) 0.074(1) 4.9(4) C12  0.64033)  0.0927(6) 0.8530(3) 6.2(1)

C13  0.6871(3)  0.1845(7) 0.9055(4) 6.8(2)
[Mn(L?)(NOs);] (5) Cl4  0.65223)  0.2919(6) 0.9200(3) 5.9(1)

Mn 0.37511(6)  0.2218(1) 0.25691(8) 2.89(2) C15 0.5688(3) 0.3048(5) 0.8812(3) 4.9(1)
0O1 0.3947(3) 0.0679(7) 04143(4)  4.9(1) C16 0.2062(2) 0.1671(4) 0.7277(2) 3.84(9)
02 0.2831(3) 0.1106(8) 0.3369(4)  5.8(1) C17 0.1230(3) 0.1616(5) 0.6916(3) 5.6(1)
03 0.3119(3)  —0.0032(9) 0.4893(4) 7.4(2) C18 0.0802(3) 0.2527(6) 0.6350(4) 6.4(1)
04 0.3345(3) —0.0448(7) 0.1704(4)  5.2(1) C19 0.1202(3) 0.3485(5) 0.6148(3) 5.7(1)
05 0.44993)  —0.0555(8) 0.2297(4)  5.6(1) C20 0.2024(3) 0.3483(5) 0.6514(3) 5.6(1)
06 0.3942(3) —0.2661(8) 0.1282(4)  8.2(2) C21 0.2562(2) 0.0761(4) 0.7912(2) 3.85(9)
N1 0.4884(3) 0.3497(7) 0.33194) 3.1(1) C22 0.2244(3) —0.0209(5) 0.8224(3) 5.2(1)
N2 0.3586(3) 0.4889(8) 0.3373(4)  3.3(1) C23 0.2747(3) —0.1011(5) 0.8818(3) 6.5(1)
N3 0.2767(3) 0.3626(8) 0.1458(4)  3.4Q1) C24 0.3559(3) —0.0844(5) 0.9100(3) 5.9(1)
N4 0.4014(3) 0.2831(8) 0.0978(4)  3.7(1) C25 0.3843(3) 0.0137(5) 0.8769(3) 5.2(1)
N5 0.3293(3) 0.0568(8) 04151(4) 4.0(1) C26 0.3450(4) 0.4999(8) 0.8458(4) 10.6(2)
N6 0.3931(3) —0.1274(8) 0.1744(4)  4.1(1)

C1 0.5537(4) 0.281(1) 0.3358(5)  4.3(2)  [Mn(L})(NCS),] ()

2 0.6171(4) 0.380(1) 0.3687(6)  4.7(2) Mn 0.62331(3)  0.14667(8)  0.71458(7)  3.25(1)
Cc3 0.6142(4) 0.553(1) 0.3959(6)  4.6(2) N1 0.6768(1)  0.0937(4) 0.9342(4) 3.31(8)
c4 0.5480(4) 0.633(1) 0.3953(5) 412 N2 0.6920(2) —0.0190(5) 0.6764(4) 3.58(8)

G5 0.4854(3) 0.526(1) 0.3635(5)  3.2(2) N3 0.5767(2) —0.0821(5) 0.6517(4)  4.15(9)
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Manganese(1l) Complexes

Table 2. (Continued)

Atom x y z BIA? Atom x y z B/A?
N4 0.5408(1)  0.1518(4)  0.8042(4) 3.62(8) NI  0.8303(2) 0.3885(4)  0.04943)  4.9(1)
N5  06078(2)  0.2294(5)  0.4996(4) 5.3(1) N2  0.7556(2) 03717(4)  0.2194(3)  4.8(1)
N6  0.6423(2)  03809(5)  0.7861(5) 5.0(1) N3  0.6666(2) 0.3657(4)  001713)  4.1(1)
s1 0.58446(7) 0.4274(2)  0.2719(2) 6.13(4) Cll  0.7874(1) 025 —0.2871(2)  5.84(6)"
S2 0.67178(7)  0.6358(2)  0.9559(2) 5.51(3) CI2  0.5075(1) 0.75 —0.26092)  6.72(6)”
c1 0.6722(2)  0.1596(6)  1.0601(5) 4.1(1) O1  0.8305(3) 0.3479(5) —0.2741(4) 10.5(2)
C2 0.7113(2) ~ 0.1346(6)  1.1784(5) 5.2(1) 02 076125 0.25 —0.3824(6) - 13.8(4)”
C3 0.7559(2)  0.0428(6)  1.1662(5) 5.2(1) 03  0.7348(4) 025 —02164(7)  12.1(3)®
c4 0.7616(2)  —0.0240(6) 1.0376(5) 4.4(1) 04  04708(4) 0.6517(6) —0.2467(6) 17.3(2)
G5 0.72102)  0.0037(5)  0.9245(4) 3.1909) 05  05137(7) 0.75 —0.3639(8)  17.6(5)”
Co6 0.7238(2) —0.0656(6) 0.7837(5) 3.6(1) 06 0.5730(4) 0.75 —0.2154(7) 11.6(2)b)
C7 0.6930(2) —0.1042(7) 0.5423(5) 5.2(1) Cl1 0.8639(3) 0.4023(7) —0.0374(5) 6.7(2)
€8 0.6396(3) —0.166(1)  04871(8)  11.7(2) C2  09088(4) 0.49548) —0.0547(6)  9.02)
€9 0.59703) —0.2067(7)  0.5635(7)  8.0(2) C3  092034) 0.5728(7)  0.0177(7) 10.2(2)
Cl0  05304(2) —0.0965(6)  0.6942(5)  4.1(1) C4  0.8854(4) 0.5606(6)  0.1071(7)  83(2)
Cl11 0.5084(2) 0.0256(5) 0.7787(5) 3.5(1) C5 0.8406(3)  0.4669(5) 0.1200(5) 5.5(2)
C12 0.4572(2) 0.0120(6) 0.8271(5) 4.3(1) c6 0.8003(3)  0.4516(6) 0.2116(5) 5.8(2)
C13 0.4387(2) 0.1324(7) 0.9035(5) 4.7(1) 7 0.7165(4)  0.3592(7) 0.3120(5) 7.1(2)
Cl4  047122)  0.2604(6)  0.9309(6) 4.9(1) C8 0735765 025 03657(7)  7.3(3)?
Cl15  05221(2) 0.2667(6)  0.8784(6) 4.5(1) €O 0.66503) 047986)  0.0208(5)  5.1(1)
Cl16 0.5981(2) 0.3127(5) 0.4068(5) 3.7(D) C10 0.61403)  0.5450(6) —0.0293(5) 6.4(2)
Cl7  06541(2)  04870(5)  08571(5)  3.6(I) Cll1  05636(3) 04914(6) —0.0849(5)  63(2)
Cl2  05111(3) 03072(6) —0.1439(4)  6.8(2)
[Mn(L?)(phen)](C10,), (8) C13  0.5632(3) 03716(6) —0.0899(4)  5.1(1)
Mn  0.74939(7) 025 0.09052(9)  3.83(2)” Cl4  061563) 03116(5) —0.0369(4)  3.9(1)

a) Atom was refined isotropically. b)
factor of 0.25.

Ry =[w(|Fo| — |Fe|)? /Zw|F,|?1"/?, are listed in Table 1. The weight-
ing scheme, w=1/[0*(|F,|)+(0.02|F,|)*+1.0], was employed. All
of the calculations were carried out on a VAX station 4000 90A
computer using a MolEN program package.”) The atomic coordi-
nates and thermal parameters of the non-hydrogen atoms are listed
in Table 2. The anisotropic thermal parameters of the nonhydrogen
atoms, the atomic coordinates and temperature factors of the hy-
drogen atoms, and the F, — F, tables were deposited as Document
No. 70037 at the Office of the Editor of Bull. Chem. Soc. Jpn.

Results and Discussion.

Reaction of N,N’-bis(2-pyridylmethylene)-1,3-diamino-
propan-2-ol (HL') with manganese(Il) nitrate hexahy-
drate in ethanol gave pale yellow plates of [Mn(HL')-
(NO3),]-C,HsOH (1-C,HsOH). The X-ray crystallography
of 1.C,H50H reveals a novel eight-coordinate Mn atom
which has a distorted square antiprism with four N atoms
of HL! and four O atoms of two bidenetate NO3 ions. A per-
spective view of the molecule is shown in Fig. 1. Selected
bond distances and angles are listed in Table 3. The HL!
ligand is not deprotonated and forms an N4 basal plane for
the metal atom by folding the two pyridylmethylene moi-
eties. The Mn atom is situated upon this Ny plane by
1.13 A. The four Mn—N bond lengths [Mn—N1 2.284(4),
Mn-N4 2.354(4) A; Mn—-N2 2.327(4), Mn—N3 2.273(4) A]
are comparable to those commonly observed in six-coordi-
nate octahedral manganese(Il) complexes [Mn—N(pyridyl)
2.203(14)—2.411(3) A, Mn~N(imine) 2.150(5)—2.308(2)

Atom was refined with occupancy factor of 0.5. c)
Anisotropically refined atoms are given in the form of the isotropic equivalent displacement parameter defined as:
$[a®Byy +b% By +c? B33 +ab(cos y)B1a +ac(cos §)B13 +be(cos @)By3).

Atom was refined with occupancy

Fig. 1. View of the structure of [Mn(HL')(NO3);]-CoHsOH
(1-C3HsOH), showing the atom-labeling scheme. Hydro-
gen atoms are not shown for clarity.

A1 The two nitrate ions are coordinated to the manganese
atom in an unsymmetrical bidentate manner in the opposite
site to the Ny plane [Mn—02 2.354(5), Mn—03 2.547(5) A:
Mn—05 2.292(4), Mn—06 2.502(5) A]. Such an unsymmetri-
cal bidentate manner is observed in the eight-coordinate Mn-
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Table 3. Selected Interatomic Distances (//A) and Bond Angles (¢/°) with Their Estimated Standard Deviations in Parentheses

[Mn(HL')(NO3),]-C,HsOH (1-C,HsOH)

Mn—N1 2.284(4) Mn-02 2.354(5)
Mn-N2 2.327(4) Mn-03 2.547(5)
Mn-N3 2.273(4) Mn-05 2.292(4)
Mn-N4 2.3544) Mn-06 2.502(5)
N1-Mn-N2 71.8(2) N3-Mn—-02 87.6(2)
N1-Mn-N3 126.4(1) N3-Mn-03 132.6(2)
N1-Mn-N4 86.4(2) N3-Mn-05 134.5(2)
N1-Mn-0O2 126.9(2) N3-Mn-06 85.4(2)
N1-Mn-0O3 78.4(2) N4-Mn-02 146.7(2)
N1-Mn-0O5 86.1(2) N4-Mn—-03 156.1(2)
N1-Mn-06 136.6(2) N4-Mn-035 81.7(2)
N2-Mn-N3 75.4(2) N4-Mn-06 76.4(2)
N2-Mn-N4 115.7(1) 02-Mn-03 50.7(2)
N2-Mn-0O2 81.7(2) 02-Mn-05 96.6(2)
N2-Mn-03 77.0(2) 02-Mn-06 76.4(2)
N2-Mn-05 150.1(2) 03-Mn-05 79.0(2)
N2-Mn-06 151.4(2) 03-Mn-06 102.3(2)
N3-Mn—-N4 71.3(2) 05-Mn-06 52.4(2)
[Mn(HL")(NCS),] (2)

Mn—N1 2.341(2) Mn-N4 - 2.296(3)
Mn-N2 2.275(3) Mn—-N5 2.158(3)
Mn-N3 2.318(3) Mn-N6 2.185(3)
N1-Mn-N2 70.9(1) N3-Mn-N5 82.8(1)
N1-Mn-N3 118.6(1) N3-Mn-N6 153.0(1)
N1-Mn-N4 91.4(1) N4-Mn-N5 119.0(1)
N1-Mn-N5 148.2(1) N4-Mn-N6 91.6(1)
N1-Mn-N6 81.6(1) N5-Mn-N6 87.8(1)
N2-Mn-N3 77.8(1) N2-Mn-N4 131.0(1)
N2-Mn-N4 131.0(1) N2-Mn-N5 93.2(1)
N2-Mn—-N5 93.2(1) N2-Mn-N6 128.1(1)
N2-Mn~N6 128.1(1) N4-Mn-N5 119.0(1)
N3-Mn-N4 71.4(1) N4-Mn-N6 91.6(1)
N5-Mn-N6 87.8(1)

[Mn(HL")(phen)](C104), (3)

Mn-N1 2.316(9) Mn-N3 2.286(8)
Mn-N2 2.221(09) Mn-Ola 2.57(2)
Ola~-Mn-N1 129.8(3) N1-Mn—-N3 88.1(3)
0Ola—Mn-N2 60.4(5) N1-Mn-N3’ 142.1(3)
0Ola—Mn-N3 79.5(5) N2-Mn-N2/ 76.9(4)
NI1-Mn-N1'® 87.7(3) N2-Mn-N3 91.0(3)
N1-Mn-N2 71.5(3) N2-Mn-N3’ 139.0(4)
N1-Mn-N2’ 123.0(4) N3-Mn-N3/ 72.8(3)
[an(L])(CH3COO)(phen)2](CIO4)2-Hzo 4-H, O)
Mnl1-Mn2 3.518(3) Mn2-01 2.103(9)
Mnl1-O1 2.122(9) Mn2-03 2.141(10)
Mn1-02 2.130(10) Mn2-N3 2.252(12)
Mnl-N1 2.385(11) Mn2-N4 2.324(11)
Mnl1-N2 2.261(12) Mn2-N7 2.284(12)
Mnl-N5 2.329(13) Mn2-N8 2.283(11)
Mnl1-N6 2.251(10)

Mn1-O1-Mn2 112.7(5) 01-Mn2-03 92.3(4)
01-Mn1-02 89.3(4) 01-Mn2-N3 74.9(4)
0O1-Mn1-N1 140.5(4) 0O1-Mn2-N4 145.4(4)
01-Mn1-N2 73.6(4) 0O1-Mn2-N7 116.5(4)
0O1-Mnl1-N5 129.0(4) 0O1-Mn2-N8 91.6(4)
0O1-Mn1-N6 84.6(4) 03-Mn2-N3 102.7(4)
02-Mnl1-N1 111.9(4) 03-Mn2-N4 93.5(4)
02-Mnl -N2 103.3(4) 03-Mn2-N7 89.0(4)
02-Mnl —N5 83.3(4) 03-Mn2-N8 160.9(4)
02-Mnl -N6 141.9(4) N3-Mn2-N4 70.6(4)
N1-Mnl1-N2 69.3(4) N3-Mn2 -N7 163.6(4)

N1-Mn1-N5 87.8(4) N3-Mn2-N8
N1-Mnl1-N6 96.0(4) N4-Mn2-N7
N2-Mn1-N5 157.0(4) N4-Mn2-N8
N2-Mn1-N6 110.8(4) N7-Mn2-N8
N5-Mnl1-N6 72.0(4)

[Mn(L*)(NO3),] (5)

Mn-O1 2.350(5) Mn=N1
Mn-02 2.445(6) Mn-N2
Mn-0O4 2.289(5) Mn—N3
Mn-O5 2.557(6) Mn—-N4
0O1-Mn-02 52.5(2) 04-Mn-N1
01-Mn-04 90.5(2) 04-Mn-N2
01-Mn-05 78.5(2) 04-Mn—N3
0O1-Mn—N1 84.1(2) 04-Mn—-N4
0O1-Mn—-N2 88.8(2) O5-Mn—N1
0O1-Mn-N3 134.8(2) 0O5-Mn—-N2
0O1-Mn—N4 152.9(2) 0O5-Mn—N3
02-Mn—-04 76.4(2) 0O5-Mn-N4
02-Mn-05 107.6(2) N1-Mn-N2
02-Mn—-N1 129.5(2) N1-Mn—-N3
02-Mn-N2 81.8(2) N1-Mn—-N4
02-Mn—N3 83.2(2) N2-Mn-N3
02-Mn~-N4 145.02) N2-Mn-N4
04-Mn-05 51.7(2) N3-Mn-N4
[Mn(L?)(bipy)(CH;OH)](C1O4), (6)

Mn-O1 2.30403) Mn-N4
Mn-N1 2.363(4) Mn-N5
Mn-N2 2.337(4) Mn-N6
Mn—N3 2.344(4)

O1-Mn—N1 82.4(1) N2-Mn-N3
O1-Mn-N2 142.1(1) N2-Mn-N4
O1-Mn-N3 144.7(1) N2-Mn—-N5
O1-Mn-N4 81.9(1) N2-Mn-N6
0O1-Mn—NS5 83.8(1) N3-Mn-N4
0O1-Mn-N6 86.2(1) N3-Mn-N5
N1-Mn-N2 69.7(1) N3-Mn-N6
N1-Mn-N3 116.0(2) N4-Mn-N5
N1-Mn-N4 87.1(1) N4-Mn-N6
N1-Mn-N5 99.4(1) N5-Mn-N6
N1-Mn-N6 165.6(1)

[Mn(L*)(NCS).] (7)

Mn—-N1 2.355(3) Mn-N4
Mn-N2 2.262(4) Mn-N5
Mn-N3 2.319(4) Mn-N6
N1-Mn-N2 71.5(1) N2-Mn-N6
N1-Mn—-N3 105.0(1) N3-Mn-N4
N1-Mn-N4 95.0(1) N3-Mn-N5
N1-Mn-N5 156.1(2) N3-Mn-N6
N1-Mn-N6 80.4(1) N4-Mn—-N5
N2-Mn—N3 76.4(1) N4-Mn-N6
N2-Mn—-N4 140.8(1) N5-Mn-N6
N2-Mn-N5 95.9(2)
[Mn(L?)(phen)1(C104); (8)

Mn-N1 2.286(5) Mn—N3
Mn-N2 2.240(5)

N1-Mn-N1"? 89.6(2) N2-Mn-N2’
N1-Mn-N2 73.0(2) N2-Mn-N3
NI1-Mn-N?2’ 126.7(2) N2-Mn-N3’
N1-Mn—-N3 86.4(2) N3-Mn-N3’
N1-Mn-N3’ 140.0(2)

96.3(4)
97.7(4)
93.8(4)
72.5(5)

2.317(5)
2.294(6)
2.301(5)
2.392(6)

135.12)
153.02)
86.7(2)
79.6(2)
83.7(2)
153.3(2)
130.1(2)
75.6(2)
71.6(2)
127.1(2)
85.3(2)
74.9(2)
111.3(2)
70.2(2)

2.347(3)
2.335(3)
2.283(4)

72.6(1)
120.3(2)
76.4(1)
116.1(1)
70.0(1)
119.4(1)
78.3(2)
163.4(1)
99.9(1)
70.6(1)

2.274(4)
2.148(4)
2.166(4)

120.6(2)
71.9(1)
91.1(2)

162.9(2)

107.0(2)
91.6(2)
89.5(2)

2.285(4)

78.4(2)
89.9(2)
137.9(2)
72.2(2)

a) Primes refer to the equivalent positions (x, 1/2—y, z).
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(II) complex [Mn(dppn),(NO3),] (dppn = 3,4-di-2-pyridyl-
pyridazine) [Mn—N 2.29(1)—2.33(1) A, Mn-O 2.30(2)—
2.47(1) A]."™® The infrared spectrum of 1 shows absorptions
[v(NOs) 1459(s), 1326(s), 1301(s) cm™!] indicative of the
asymmetric bidentate nature of the NO; groups.'® As shown
in Fig. 2, the N4 and O, equilateral squares which parallel
“each other, are mutually staggered so as to give a square-
antiprismatic geometry rather than cube. Thus, the geometry
around the Mn atom can be described as a distorted square
antiprism. This example of square-antiprismatic coordina-
tion geometry is very rare,'? although other eight-coordinate
geometries such as dodecahedron,® cube,?” and bicapped
trigonal antiprism® have been found for Mn(II). The unco-
ordinated hydroxy group of HL! is located in the vicinity of
the nitrate ion of the neighbor molecule by hydrogen bonding
[01---03 (x, y, 1+2) 2.805(6) A].

A similar reaction of a related Schiff-base ligand,
N,N’-bis(2- pyridylmethyl)- 1, 3- propanediamine (%) with
manganese(Il) nitrate afforded an analogous complex, [Mn-
(L»(NO3),] (5). The infrared spectral feature of the NO;
group region is similar to that of 1, suggesting that the coor-
dination geometry is square-antiprismatic. The X-ray struc-
ture analysis shows that the manganese atom in 5 is eight-
coordinated by the four N atoms of the L? ligand and the
four O atoms of the two nitrate groups (Fig. 3) arranged at
the corners of a square antiprism. The Mn—N and Mn-O
bond distances range from 2.294(6) to 2.392(6) A and from
2.289(5) to 2.557(6) A, respectively. These bond lengths are
comparable to those of 1. _

When the ligand L2 was treated with Mn(ClO4),-6H,O
and 2,2'-bipyridyl (bpy) in methanol-ethanol, we have iso-
lated a Mn(IT) complex, [Mn(L2)(bpy)(CH3OH)](ClOy); (6).
In the infrared spectrum of 6, no splitting of the CI-O band
of the perchlorate ion is observed. This shows there is no

Another view of the structure of [Mn(HL')-
(NO3)2]-C2Hs0H (1-C,HsOH), showing the atom-labeling
scheme. Hydrogen atoms are not shown for clarity.

Fig. 2.

Manganese(ll) Complexes

Fig. 3. View of the structure of [Mn(L2)(NOs)2] (5), showing
the atom-labeling scheme. Hydrogen atoms are not shown
for clarity.

coordination of the perchlorate ion to the metal in 6. In the
X-ray crystal structure of 6, novel seven-coordination ge-
ometry is formed around the central metal ion (Fig. 4). Six
N atoms from the L? ligand and bpy form a trigonal prism
around Mn, and a methanol oxygen (O1) forms a cap above
one of the square faces of the prism. The coordination geom-
etry is described as a distorted monocapped-trigonal prism.
The Mn—N and Mn-O distance are 2.283(4)—2.363(4) and
2.304(3) A, respectively. These bond lengths are in the
range of the Mn—-N and Mn—O distances of the eight-coor-
dinate Mn(Il) complexes, 1 and 5. Most of reported seven-
coordinate Mn(Il) complexes have a pentagonal bipyramidal
geometry around the metal atom®? and very few examples
are structurally verified as a distorted monocapped trigonal
prism.?

View of the structure of [Mn(Lz)(bipy)(CH3OH)]-
(C104), (6), showing the atom-labeling scheme. Hydrogen
atoms are not shown for clarity.

Fig. 4.
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When the HL! ligand was reacted with Mn(ClO4),-6H,0
in the presence of 1,10-phenanthroline (phen), a Mn(II) com-
plexes, [Mn(HL!)(phen)J(ClO,), (3), was isolated. In the
crystal structure of 3 (Fig. 5), the molecule has a mirror
plane containing Mn, C8, Ola, and Olb, as required from
the crystallographic symmetry. The alkoxy oxygen atom O1
is subjected to disorder and divided into two positions Ola
and O1b with an occupancy factor of 0.25. Thus the man-
ganese atom has a disordered geometry of a 1 : 1 mixture of a
monocapped trigonal prism made up by four N atoms of HL!,
two N atoms of phen, and one alkoxy O atom (Ola) and a six-
coordinate trigonal prism. The Mn—-N and Mn-O distances
are 2.221(9)—2.316(9) and 2.57(2) A, respectively.

An analogous Mn(Il) complex, [Mn(L2)(phen)](Cl1O4),
(8), was isolated from the reaction of the L? ligand with
Mn(Cl104),-6H,0 in the presence of phen. The infrared
spectrum of 8 shows that the perchlorate ion does not partic-
ipate in coordination to the metal; v(ClO,~) band appears
as a broad band at 1083 cm™~! like 3 and 6. As is shown in
Fig. 6, the L? ligand forms an N basal plane and the Mn
atom is situated upon this Ny plane by 1.07 A. The phen
molecule occupies the fifth and sixth coordination sites. The
molecule has a crystallographic mirror plane along the Mn
and C8 atoms. The arrangement of the six nitrogen atoms
around the metal is trigonal prismatic, the triangular faces
being defined by N1, N2, and N3 and N1’, N2/, and N3'.
These two triangular faces are related to each other by the
mirror plane. The Mn—N distances range from 2.240(5) to
2.286(5) A. This type of coordination geometry is rare for
Mn(I);*® octahedral geometry has been found in a vast num-
ber of manganese(Il) complexes.” The trigonal prismatic
geometry can be also found in the thiocyanato complexes

cz ( ’/ Mn

O\ e
"@

§01 b

Fig. 5. View of the structure of [Mn(HL‘)(phen)](ClO4)2 ‘
(3), showing the atom-labeling scheme. Hydrogen atoms
are not shown for clarity.

Bull. Chem. Soc. Jpn., 70, No. 10 (1997) 2503

Fig. 6. View of the structure of [Mn(L?)(phen)](C104): (8),
showing the atom-labeling scheme. Hydrogen atoms are
not shown for clarity.

of HL! and L?. Reaction of the Schiff base ligands with
manganese(Il) bromide and sodium thiocyanate resulted in
the formation of [Mn(HL!)(NCS),] (2) and [Mn(L?)(NCS),]
(7). The X-ray structures of 2 and 7 are shown in Figs. 7
and 8, respectively. In both 2 and 7, the manganese atoms
are six-coordinate and the coordination geometries are dis-
torted trigonal prisms. In each complex, the triangle de-
fined by N1, N4, and N6 is almost parallel to the triangle
of N2, and N3, and N5. The Mn—N bond lengths range

C13

Cc12

Fig. 7. View of the structure of [Mn(HLYH(NCS),] (2), show-
ing the atom-labeling scheme. Hydrogen atoms are -not
shown for clarity.
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Fig. 8. View of the structure of [Mn(L*)(NCS),] (7), show-
ing the atom-labeling scheme. Hydrogen atoms are not
shown for clarity.

from 2.148(4) to 2.355(3) A. The Mn~-N (thiocyanato) bond
lengths [2.148(4)—2.185(3) A] are significantly shorter than
those found for the Mn-N distances to the Schiff-base ligands
[2.274(4)—2.355(3) A]. Shorter Mn—N (NCS) distances
are also observed in other manganese(Il) complexes such
as cis-[Mn(NCS),(bpy), 1" cis-[Mn(NCS),(phen),],>™ and
[Mn(HL)(NCS),(H,0)] (HL = 4-methyl-2,6-bis{N-[2-(2-
pyridyl)ethylliminomethyl }phenol).*® The infrared spectra
of 2 and 7 show two vy (NCS) stretching bands at 2052—
2069 cm™!. This fact is in harmony with the crystal struc-
tures of 2 and 7, which contain two crystallographically in-

Manganese(ll) Complexes

dependent N-coordinating NCS groups.

When the HL! ligand was reacted with manganese(II) ac-
etate tetrahydrate in a ligand to metal ratio of 1 : 2 in the pres-
ence of triethylamine, 1,10-phenanthroline, and sodium per-
chlorate, a dinuclear species [Mn; (L)' (CH3;COO)(phen),]-
(Cl104),-H,O (4-H,0), was isolated as dark vermillion
columns. A crystal structure determination of 4-H,O con-
firmed that the HL! ligand had been deprotonated and that
the two Mn(Il) atoms are bridged by the endogenous u-
alkoxo-oxygen atom and the exogenous syn—syn-bridging
acetate group (Fig. 9). So far, most of the structurally
characterized alkoxo-bridged Mn, complexes are Mn(Ill),
species®*#—52 and only one example is structurally eluci-
dated for alkoxo-bridged Mn(Il); complexes.’® The L! li-
gand is hexadentate, forming a planar backbone, but acts as
a meridional tridentate chelate for each Mn atom. The two
phen molecules are bidentate and occupy the fifth and sixth
coordination sites of each Mn atom in a fashion approxi-
mately perpendicular to the L! ligand plane. The coordina-
tion geometry of each Mn atom is a distorted octahedron, in
contrast to those for 1—3, 5—8. The Mn—N and Mn—O dis-
tances are 2.251(10)—2.385(11) and 2.103(9)—2.141(10)
A, respectively. The Mnl1-M2 distance is 3.518(3) A and
Mnl1-0O1-Mn2 angle is 112.7(5)°. The acetate group is
in a cis-arrangement to the L! ligand. This doubly-bridge
Mn(Il), structure is quite rare in the general context of di-
nuclear Mn complexes. As can be seen in Fig. 9, the phen
ligands lie approximately parallel to each other with an av-
erage interplanar separation of 3.42(12) A. This observed
interplanar separation is suggestive of some 7—t attraction
between these groups.

Room-temperature magnetic moments of these complexes
[1, 5.73 B.M. (295 K); 2, 5.98 B.M. (285 K); 3, 5.92 B.M.

Fig. 9. View of the structure of [Mng(Ll)(CH3COO)(phen)2](CIO4)2-HZO (4-H,0), showing the atom-labeling scheme. Hydrogen

atoms are not shown for clarity.
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(286 K); 4, 5.20 B.M./Mn (289 K); 5, 5.98 B.M. (289 K);
6, 5.89 B.M. (295 K); 7, 5.85 B.M. (289 K); 8, 5.88 B.M.
(285 K).] are close to the spin-only value (5.92 B.M.) for
a high-spin d° configuration except for 4. The high-spin
character of the Mn(Il) complexes is confirmed by the elec-
tronic spectra. The diffuse reflectance spectra of the present
complexes are featureless in the visible region, which can
be expected from spin-forbidden d—-d transitions for high-
spin d> system. The magnetic moment of 4 is consider-
ably lower than those of usual high-spin Mn(Il) complexes,
suggesting antiferromagnetic behavior of this complex. The
magnetic susceptibility was measured over the temperature
range 80—300 K (Fig. 10). The magnetic susceptibility
data were analyzed with Van Vleck equation based on the
Heisenberg model (#=—2JS-S, (S1 =S2=15/2)); the best
fitting parameters are J=—4.0 cm~! and g=1.89. This
indicates that the two high-spin Mn(Il) ions are antiferro-
magnetically coupled. The J value is comparable to those of
phenoxo-bridged dinuclear Mn(II) complexes which has an
analogous bridging mode containing syn—syn acetate groups
(J=—2.5——5.5 cm~1).3*3¢2 The present complexes are
soluble in methanol and DMF. However, the conductivities
of these solutions suggest that dissociation of the anionic li-
gands occurs to a greater extent and the solvent molecules
may be coordinated to the metal ion in place of the leaving
ligands. The frozen solution ESR spectra (X-band) of these
complexes are similar to each other, as shown in Fig. 11.
This fact suggests that the coordination geometries of the
metal ions are similar to each other in solution. Thus, the
X-band ESR spectra were measured for polycrystalline sam-
ples of the complexes. Some representative examples are

60 8

50 -

30 -

10%,, / cm*mol’*

I ! 1 o
150 200 250 300

T/K
Fig.. 10. Magnetic susceptibity data (@) and effective mag-
netic moments (O) of [Mn; (Ll)(CH3COO)(phen)2](CIO4)2
@.
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0 50 100

Bull. Chem. Soc. Jpn., 70, No. 10 (1997) 2505

| L |
2000 3000 4000 5000

magnetic tield H/G
Fig. 11. ESR spectra of [Mn(HL")(NO3),] (1), [Mna(L')-
(CH;COO)(phen), (C104), (4), [Mn(L*)(NO3),] (5), [Mn-
(L*)(bipy)(CH;0H)](ClOx4), (6), and [Mn(L*)(NCS).] (7)
in DMF at 77 K.

shown in Fig. 12. The ESR spectra of both the eight-coordi-
nate Mn(II) complexes, 1 and 5, are characterized by a broad
absorption around g =2.0. The seven-coordinate complex,
6, shows a more complicated spectrum with some absorp-
tions. The ESR spectrum of the trigonal prismatic Mn(Il)
is different from these spectra, a strong peak being found at
g=4.8 for 7. In the case of the dinuclear Mn(Il) complex,
4, the ESR spectrum shows two peaks centered near g =2.8
and 4.9 in addition to a signal around g =2.0. It can be seen
that the ESR spectra of the present complexes reflect their
coordination environments. However, these spectra are hard
to clearly distinguish by the coordination geometries.

Conclusions

The two pyridyl-containing ligands, N,N’-bis(2-pyridyl-
methylene)-1,3-diaminopropan-2-ol (HL!) and N,N’-bis(2-
pyridylmethylene)-1,3-propanediamine (%), have proved to
be novel ligands that enable us to attain various coordination
geometries for Mn(Il) in the presence of exogenous ligands
such as NOs;~, phen, bpy, CH30H, and NCS™. The present
donor-sets including pyridyl-N and imino-N atoms seem
to favor Mn(Il) state. In the series of mononuclear Mn(II)
complexes, the coordination geometries are quite variable
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1 | 1 ]
2000 3000 4000 5000

magnetic field H/G
Fig. 12. Polycrystalline ESR spectra of [Mn(HL)(NO3),]
(1), [Mny(L")(CH;COO)(phen);}(C1O4). (4), [Mn(L?)-
(NO3),1(5), [Mn(L*)(bipy)(CH3OH)](C1Ox4)2 (6), and [Mn-
(LHNCS)] (T) at 77 K.

and the basal four N atoms from the HL! or L2 ligand are in
a nearly planar-arrangement, leaving ample space for two,
three, or four more donor-atoms in the opposite site, where
the exogenous ligands determine the coordination number of
the metal ion. On the other hand, the deprotonated L' ligand
does not keep the steric requirement of the basal N plane
of the Schiff base, but forms an N,ON, plane bridging the
two octahedral Mn atoms. The steric and electronic effects
resulting from the combination of the Schiff-base ligands and
the exogenous ligands appear to play a major role in defining
these geometries, in keeping with the lack of the crystal field
stabilization energies for the high-spin d° configuration.

This work was supported by a Grant-in-Aid for Scientific
Research No. 08404046 from the Ministry of Education, Sci-
ence, Sports and Culture.
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