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Manganese(II) acetate coordination polymers have been prepared with three
derivatives of pyridine N-oxide. The compounds are catena-poly[manganese(II)-
us-acetato-di-u,-acetato-[aquamanganese(Il)]-u,-acetato-u-(pyridine
N-oxide)-manganese(I])-u3-acetato-p,-acetato-u-(pyridine ~ N-oxide)-[aqua-
manganese(I1)]-di-u,-acetato],  [Mny4(CH3COO)g(CsHsNO),(H,0),],,  (I),
catena-poly[[manganese(I1)]-u 3-acetato-p,-acetato-u-(2-methylpyridine N-oxide)-
[aquamanganese(II)]-di-p,-acetato-manganese(I1)-di-p,-acetato-pu3-acetato-[aqua-
manganese(I1)]-u,-acetato-u-(2-methylpyridine N-oxide)], [Mny(CH;COO)g-
(CeH7NO),(H,0),],,, (IT), and catena-poly[[manganese(11)-di-u,-acetato-p-(4-
methylpyridine N-oxide)] monohydrate], {{Mn(CH;COO),(CsH,NO)]-H,0},,
(III). Compounds (I) and (II) both have three unique Mn atoms; in both
compounds two of them sit on a crystallographic inversion center while the third
is on a general position. In compound (III), the single unique Mn atom sits on a
general position. Pseudo-octahedral six-coordinate manganese(1I) centers are
found in all compounds. All of the compounds form chains of Mn atoms bridged
by acetate ions and the oxygen atom of the N-oxide in pyridine N-oxide (PNO),
2-methylpyridine N-oxide (2MePNO), or 4-methylpyridine N-oxide (4MePNO).
Compound (I) and (IT) both exhibit a bound water of solvation. In (I), the water
hydrogen bonds to a nearby acetate whereas in (II) the water molecule forms
bridging hydrogen bonds between two neighboring acetates. In compound (III)
a water molecule of solvation is found in the lattice, not bound to the metal ion
but hydrogen bonding to a bridging acetate.

1. Chemical context

N-Oxides and acetates both have interesting binding modes
that facilitate the growth of unique coordination structures.
The structures take advantage of the versatility of the acetate
ions and the hybridization and dipole at the oxygen atom on
the N-oxide. The structures extend to the formation of
coordination polymers that have been reported previously
(Sarma et al., 2008, 2009; Sarma & Baruah, 2011). A recent
report shows the utility of pyridine N-oxide to facilitate
coordination polymer formation with both zinc(II) and
manganese(I) metal ions with a single bifunctional ligand
containing an acetate and N-oxide moiety (Ren et al., 2018). In
a previous paper in this series, we examined the initial utility
of aromatic N-oxide ligands to form polymeric structures with
manganese(II) chloride (Kang et al., 2017). Complexes have
also been used previously as metal centers for catalytic
transformations (Liu et al., 2014).
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In this contribution, we report the synthesis and solid-state
structures of three manganese(II) complexes with the versatile
mono- or bidentate bridging ligands acetate and three deriv-
atives of pyridine N-oxide (Figs. 1-3). In this study, each of the
ligands pyridine N-oxide, 2-methyl and 4-methyl pyridine
N-oxide has an impact on the structures of manganese(II)
acetate complexes. All three complexes form coordination
polymers with the N-oxide bridging in a u,-1,1 mode and
varying acetate ligation. The study was conducted to investi-
gate the utility of both acetate and substituted pyridine N-
oxide to facilitate the growth of unique coordination polymers.

2. Structural commentary

General structural details. The pyridine N-oxide (PNO)
complex, compound I, is a repeating tetrameric coordination
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Figure 1
A view of compound I, showing the atom labeling. Displacement
ellipsoids are drawn at the 50% probability level, H atoms not involved in
hydrogen bonding have been omitted for clarity. [Symmetry codes: (i)
—x+1l,-y+ L, —z+ L) x+3y—Lz @) —x+3 —y+1 —z+1]

Figure 2

A view of compound II, showing the atom labeling. Displacement
ellipsoids are drawn at the 50% probability level, H atoms not involved in
hydrogen bonding have been omitted for clarity. [Symmetry codes: (i)
—x+1,—y+1,—z+1;31) —x+1, -y, —z+2]
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Figure 3

A view of compound III, showing the atom labeling. Displacement

ellipsoids are drawn at the 50% probability level, H atoms not involved in

hydrogen bonding have been omitted for clarity. [Symmetry code: (i)
I 1 3

—X+%5Y—35—2+5]
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Table 1 .

Hydrogen-bond geometry (A, °) for L.

D—H---A D—H H---A D---A D—H---A
010—H104- - -09' 0.85 (2) 1.85(2) 2,652 (2) 157 (3)
010—H10B: - -06" 0.83 (2) 1.98 (2) 2786 (2) 166 (3)

Symmetry codes: (i) —x +3, —y + 5 —2 + L: (i) —x+3 —y + 3~z + 1.

polymer that crystallizes in the monoclinic space group C2/c.
The manganese atoms align as an Mn3, Mn2, Mn1, Mn2, chain.
The structure can be formulated in the simplest empirical
relationship as [Mny(PNO),(OAc)g(H,0),],. Examining the
molecule across the AB vertex, Mn3 and Mnl sit in a repeating
line of Mn3, Mn1, Mn3 atoms. The Mn2 atoms all sit along a
different line in this orientation. The atom-to-atom connec-
tivity in the Mn3,Mn2,Mn1,Mn2 repeating unit can best be
described as zigzag (Fig. 4). In this orientation, the pyridine
rings also stack; however, they are not m stacked because of
the separation distance caused by the methyl group of an
acetate ligand in between each aromatic group. Inter-
polymeric chain hydrogen bonding is observed from the water
molecule (O10) on Mn2 to an oxygen atom (O6) on an Mn2-
bound acetate ligand (Table 1). The structure contains a six-
coordinate metal center at each Mn'" atom with all six donor
atoms being oxygen. Mnl sits on an inversion center and is
bound ftrans by two ,-1,1-PNOs (to Mn2), trans by two -
1,3-acetates (to Mn2), and trans by two us-1,3,3-acetates (to

Figure 4

Crystal packing diagram of compound I, viewed along the b axis.
Displacement ellipsoids are drawn at the 50% probability level, H atoms
not involved in hydrogen bonding have been omitted for clarity, hydrogen
bonds are rendered in blue.

both Mn2 and Mn3). Mn2 is also six-coordinate with a p,-1,1-
PNO (from Mn1), a u,-1,3-acetate (from Mn1), and a u3-1,3,3-
acetate (from Mn1 and Mn3). Further, the octahedral envir-
onment is completed by a water of hydration, a u,-1,1-acetate
(to Mn3), and a u,-1,3-acetate (to Mn3). Mn3 also sits on an
inversion cente, showing an octahedral enviroment where all
the six coordinated oxygen atoms belong to acetate ligands.
The coordination sphere comprises two us3-1,3,3-acetates
(uniquely bound to Mn2 and Mnl), two u,-1,1-acetates (to
Mn2) and two w,-1,3-acetates (to Mn2).

The 2-methylpyridine N-oxide (2MePNO) complex,
compound II, is similar to I in that it is a repeating tetrameric
coordination polymer. The polymer crystallizes in the triclinic
system, space group PIl. The manganese atoms align as an
Mn3, Mn2, Mnl, Mn2 chain similar to I with Mn1 and Mn3
sitting on inversion centers. Examining the molecule across
the BC vertex, as in I, the Mn3 and Mnl sit in a line whereas
the Mn2 atoms all sit along a different line with respect to this
orientation. The atom-to-atom connectivity in the Mn3, Mn2,
Mnl, Mn2 repeating unit can best be described as zigzag
(Fig. 5). In this orientation, the 2-methylpyridine ring planes
are twisted by 85.31 (2)° with respect to the Mn1/02/Mn2
plane with all the methyl groups pointing in two symmetry-
related directions. As observed in I, interpolymeric chain
hydrogen bonding is observed from the water molecule (O10)
on Mn2 to an oxygen atom on the adjacent Mn2 on the next

Figure 5

Crystal packing diagram of compound II, viewed along the a axis. H
atoms not involved in hydrogen bonding have been omitted for clarity,
hydrogen bonds are rendered in blue.
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Table 2 .

Hydrogen-bond geometry (A, °) for IL

D—H---A D—H H---A D---A D—H---A
010—H10D- - -05' 0.84 (2) 2.04 (2) 2.821 (3) 155 (3)
010—HI0E- - -O8' 0.85 (2) 1.94 (2) 2727 (3) 155 (3)

Symmetry code: (i) —x +1, —y, —z + 1.

polymer. However, symmetry dictates that the hydrogen
bonding is to oxygen atoms (OS5 and OS8) on two acetates
bound to Mn2 (Table 2). The structure can be formulated with
the same empirical stoichiometry as I, [Mny(2MePNO),(OA-
¢)7(H,0),],,. Compound II has one important variation from
the PNO derivative outlined above. There is no evidence of
the w,-1,1-acetate bridge found above. While the singular ps-
1,3,3-acetate bridge is retained between Mn2 and Mn3, the p,-
1,1 has been replaced by a p,-1,3 acetate bridge. This is likely
because of the steric demands of the 2-methyl substituent.
The 4-methylpyridine N-oxide (4MePNO) complex,
compound IIL, is a repeating coordination polymer with one
unique Mn'" ion that crystallizes in the monoclinic system,
space group P2,/n. In the coordination polymer, the manga-
nese atoms are aligned along the b-axis direction. The struc-
ture can be formulated as [Mn(4MePNO),(OAc)4(H,0)],.
The six-coordinate metal center is bridged by two oxygen
atoms from w,-1,1 4MePNO and four u,-1,3 acetate bridges.
The 4MePNO complex molecules alternate above and below
the line formed by the manganese atoms. Unlike I and II,
compound III only forms intramolecular hydrogen bonding in

Figure 6

Crystal packing diagram of compound III, viewed along the a axis. H
atoms not involved in hydrogen bonding have been omitted for clarity,
hydrogen bonds are rendered in blue.

Table 3 .

Hydrogen-bond geometry (A, °) for IIL

D—H---A D—H H --A D---A D—H---A
06—H6D- - -03' 0.84 (2) 223(2) 3.052 (3) 165 (4)
06—H6E- --02 0.84 (2) 221 (2) 3.035 (3) 170 (4)

Symmetry code: (i) x,y + 1, z.

the polymeric chain (Table 3, Fig. 6). The water observed in
the lattice forms a hydrogen bond at 2.21 (2) A with the O2
atom belonging to one of the acetate u,-1,3 acetate bridges.

Specific structural details. In I, the bond distances involving
Mnl lie between 2.1822 (15) A (Mn1—02) and 2.1207 (16) A
(Mn1—04) whereas all bond angles are within 2.5° of 90°.
These angles and distances are similar to those for other Mn"
acetate structures (see for example Dave et al., 1993 and
Ciunik & Gtowiak, 1980). The O1 atom of the PNO ligand
bridges Mnl at 2.168 (2) A and Mn2 at 2.211 (2) A which is
unremarkable for compounds of Mn'" and pyridine
N-oxide (Sniekers et al., 2017; Mondal et al., 2012). Mn2 shows
a short bond distance to O5 (a p,-1,3-acetate bridging from
Mn1) of 2.1062 (15) A and a long distance of 2.2671 (14) A
from O8, which is a j1,-1,1-acetate bridging to Mn3. The water
molecule (O10), see Table 1, is found at 2.1506 (16) Aata
distance similar to that reported previously. (Mondal et al.,
2012) and also hydrogen bonded to O9 (unbound acetate
oxygen from u,-1,1-acetate bridging across Mn2 and Mn3) at
2.652 (2) A. The 03—Mn2—010 bond angle is severely
distorted from 180° to 162.68 (6)°. The other two trans bond
angles around Mn2 are approximately 175°. The Mn3 bond
distances span from 2.1338 (15) (Mn3—O7) to 2.2194 (14) A
(Mn3—08). The O3—Mn3—O08 bond angle is somewhat
constrained at 78.19 (5)° whereas the remaining angles are all
nearly 90°.

The bond distances involving Mnl in compound II lie
between 2.129 (2) A (Mnl—04) and 2.2061 (19) A (Mnl—
O1) which are normal for Mn" acetate compounds of this type
(Dave et al., 1993 and Ciunik & Gtowiak, 1980). The long bond
distance is to the oxygen originating from the bridging
2MePNO and is 0.0398 A longer than the Mn1—O1 PNO
bond in I but similar to those reported previously (Sniekers et
al.,2017; Mondal et al., 2012). The bond angles are within 5° of
the expected 90° for octahedral systems with the most
constrained angle being O1—Mn1—02 [85.03 (7)°]. Mn2 has
its shortest bond distance to O6 (a u,-1,3-acetate bridging
from Mn3) of 2.136 (2) A, whereas its longest distance is
2.239 (2) A to 010, the terminal water molecule. The j,-1,1-
2MePNO (O1) bond distance to Mn2 is also long
[2.2300 (18) A] The ws-1,3,3-acetate also links Mn2 and Mn3
via the O3 atom. The O5—Mn2—010 bond angle is signifi-
cantly distorted with a value of 81.63 (8)° as is the O6—Mn2—
010 bond angle of 78.61 (8)°. The us-1,3,3-acetate oxygen
(03) forms a long bond with Mn3 as well, observed at
2.3091 (18) A. The other Mn3—O bond distances are unre-
markable at approximately 2.15 A. The bond angles around
Mn3 are all within 4° of 90° in the six-coordinate Mn3 envir-
onment.
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Table 4
Experimental details.

Crystal data

Chemical formula [Mn,(C,H;0,)5(CsHsNO),-

(H,0),]
M, 918.34
Crystal system, space group Monoclinic, C2/c
Temperature (K) 173
a, b, c(A) 19.936 (7), 10.603 (4), 18.692 (7)
o, B,y (°) 90, 105.925 (4), 90
V (A% 3800 (2)
V4 4
Radiation type Mo Ko
wu (mm™") 1.38
Crystal size (mm) 04 x 04 x 0.2

Data collection
Diffractometer
Absorption correction

Rigaku XtalLAB mini

Multi-scan (REQAB; Rigaku,
1998)

0.885, 1.00

19620, 4332, 3855

Tmim Tmax
No. of measured, independent and
observed [ > 20(])] reflections

Rine . 0.046

(sin 0/\)max (AT 0.649
Refinement

R[F? > 20(F?)], wR(F?), S 0.032, 0.083, 1.08
No. of reflections 4332

No. of parameters 249

No. of restraints 2

H-atom treatment H atoms treated by a mixture of
independent and constrained
refinement

APimaxs Dprmin (€ A7) 031, —036

I

[Mn,(G,H30,)s(CsH7NO),-
(H,0),]

946.40

Triclinic, P1

173

9.7704 (3), 10.5882 (7), 11.4720 (2)

65.76 (2), 83.84 (2), 65.512 (15)

982.0 (2)

1

Mo Ka

1.34

0.3 x 0.3 x 0.2

Rigaku XtaLAB mini

Multi-scan (REQAB; Rigaku,
1998)

0.842, 1.00

10542, 4503, 3551

0.058
0.650

0.041, 0.101, 1.06

4503

259

2

H atoms treated by a mixture of
independent and constrained
refinement

0.62, —0.46

I

[Mn(C,H;30,),(CsH;NO)]-H,O

300.17

Monoclinic, P2,/n

173

11.100 (3), 7.334 (3), 15.9808 (4)
90, 96.500 (11), 90

1292.6 (6)

4

Mo Ka

1.04

0.2 x 0.05 x 0.05

Rigaku XtaLAB mini

Multi-scan (REQAB; Rigaku,
1998)

0.850, 1.00

13236, 2957, 2224

0.074
0.651

0.045, 0.105, 1.07

2957

173

2

H atoms treated by a mixture of
independent and constrained
refinement

0.35, —0.40

Computer programs: CrystalClear (Rigaku, 2009), SHELXT (Sheldrick, 2015a), SHELXL (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009).

In compound III, the Mn1—O1 (4MePNO) bond length is
the longest of those in this study, with the metal center at
2.203 (3) A (Sniekers et al., 2017; Mondal et al., 2012) whereas
the acetate Mn1— O bond distances range from 2.134 (3) A to
2.179 (2) A. The bond angles around the metal center are all
within 5° of 90°, with the acetate O—Mn1—O angles being
slightly larger, whereas the O(acetate)—Mn1—0O(4MePNO)
angles are slightly compressed. [For similar compounds, see
for example Ciunik & Gtowiak (1980) and Dave et al. (1993).]
The water is in the lattice and forms a hydrogen bond at
2.21 (2) A with an O2 atom belonging to one of the acetate -
1,3 acetate bridges.

3. Supramolecular features

The packing of I forms a polymeric structure bisecting the a
axis and b axis. Because of the complexity of the structure,
many of the details were outlined above. The structure is not
linear but forms a zigzag chain in which the bridging acetates
and N-oxide ligands connect the Mn ions. There is no evidence
for m stacking but interpolymeric chain hydrogen bonding is
present.

Compound II forms a similar polymeric structure to I, with
the chain bisecting the unit cell at (3, 0, 1) and (3, 1, 0). The
chain sets up in a similar fashion as I; however, u,-1,3 and

us3-1,3,3 are the bridges observed while the u,-1,1 bridge

noted in I is absent.

Compound III forms a polymeric chain which is observed in
the b-axis direction. Each manganese(II) atom is bridged by a
single 4MePNO and two u,-1,3 acetate ions. The 4MePNO
bridging ligands are alternating up and down in the a-axis
direction. There is no evidence for 7 stacking due to the long
distance found in the structure with the aromatic rings at
separations of 7.334 (6) A.

4. Database survey

A search in the Cambridge Structural Database (CSD Version
5.39, November 2017 update; Groom et al., 2016) for aromatic
N-oxides and acetate ligands bound to manganese returned 36
entries. Seven of the entries contain derivatives of picolinic N-
oxides, thirteen involve derivatives of dipyridal N-oxide and
fifteen include di- or tri-acetate ligands. Similar N-oxides with
simple benzoate in the list include pyridine N-oxide
(YIYRAA; Sarma et al., 2008), and the p-nitrobenzoate with
PNO (TIXKERO1 and TIXKER; Sarma ef al., 2008). Another
report by Sarma and co-workers includes the p-hydroxy,
o-nitro and p-chlorobenzoate derivatives with PNO
(POYRAX; Sarma et al., 2009).
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5. Synthesis and crystallization

The manganese(Il) coordination polymers were all synthe-
sized by a similar method. 0.245 g (1.00 mmol) manganese(11)
acetate tetrahydrate (MnAc,-4H,0, FW 245 gmol™') was
dissolved in a minimal amount (20 mL) of methanol. 2 molar
equivalents of the appropriate N-oxide (0.191 g pyridine
N-oxide, PNO; 0.220 g 2-methylpyrdine N-oxide, 2MePNO;
0.220 g 4-methylpyridine N-oxide, 4MePNO) were similarly
dissolved in 10 mL of methanol. The N-oxide alcoholic solu-
tion was added in one portion to the Mn'" one. The combined
reaction mixture was stirred for 30 minutes, filtered and the
filtrate was allowed to evaporate by slow diffusion. X-ray
quality crystals were obtained by precipitation from the
mother liquor. A final wash with a minimal amount of
methanol was performed to assist with removal of excess N-
oxide.

Compound I. Yield 0.0642 g, 27.0 (%), decomposition/
melting temperature = 433-437 K (turns to a brown liquid).
Selected IR bands (ATR, FT-IR, KBr composite, cm™'): 3356
(2, br), 3118 (w), 1558 (s), 1495 (m), 1477 (m), 1418 (m), 1424
(m), 1216 (m), 1025 (w), 835 (m), 783 (m), 653 (w).

Compound II. Yield 0.0484 g, 20.4 (%), decomposition/
melting temperature. 417-423 K (turns to a brown liquid).
Selected IR bands (ATR, FT-IR, KBr composite, cm_l): 3348
(m, br), 1558 (s), 1495 (m), 1417 (s), 1209 (m), 846 (m), 783 (s),
655 (s).

Compound III. Yield 0.0892 g, 29.7 (%), decomposition/
melting temperature. 405-411 K (turns to a black liquid).
Selected IR bands (ATR, FT-IR, KBr composite, cm™'): 3412
(m, br), 1652 (w), 1574 (s), 1491 (s), 1424 (m), 1213 (s), 833
(m), 763 (s), 668 (s).

6. Refinement

Crystal data, data collection and structure refinement details
are summarized in Table 4. All carbon-bound H atoms were
positioned geometrically and refined as riding, with C—H =

0.95 or 0.98 A and Usso(H) = 1.2U4(C) or Ui;o(H) = 1.5U.4(C)
for C(H) and CHj; groups, respectively. In order to ensure
chemically meaningful O—H distances for the bound water
molecules in the compounds, the oxygen-to-hydrogen
distances were restrained to a target value of 0.84 (2) A (using
a DFIX command in SHELXL2017; Sheldrick, 2015b) and
Uiso(H) = 1.5U4(O).
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Structures of substituted pyridine N-oxide with manganese(ll) acetate
Will Lynch, Genevieve Lynch, Kirk Sheriff and Clifford Padgett

Computing details

Data collection: CrystalClear (Rigaku, 2009) for (I), (II). Cell refinement: CrystalClear (Rigaku, 2009) for (I), (II). Data
reduction: CrystalClear (Rigaku, 2009) for (I), (II). For all structures, program(s) used to solve structure: ShelXT
(Sheldrick, 2015a); program(s) used to refine structure: SHELXL (Sheldrick, 2015b); molecular graphics: OLEX2
(Dolomanov et al., 2009); software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009).

catena-Poly[manganese(ll)-p;-acetato-di-p,-acetato-[aquamanganese(ll)]-p,-acetato-p-(pyridine N-oxide)-

manganese(ll)-p;-acetato-p,-acetato-p-(pyridine N-oxide)-[aquamanganese(ll)]-di-p,-acetato] (1)

Crystal data

[MH4(C2H302)8(C5H5NO)z(Hzo)z]
M,=918.34

Monoclinic, C2/c

a=19.936 (7) A

b=10.603 (4) A

c=18.692 (7) A

£ =105.925 (4)°

V'=3800 (2) A’

Z=4

Data collection

Rigaku XtaLAB mini
diffractometer
Radiation source: Sealed Tube
Graphite Monochromator monochromator
Detector resolution: 13.6612 pixels mm™!
profile data from w—scans
Absorption correction: multi-scan
(REQAB; Rigaku, 1998)
Tnin = 0.885, Tinax = 1.00

Refinement

Refinement on F?

Least-squares matrix: full
R[F?>20(F*)] =0.032
wR(F?)=0.083

§=1.08

4332 reflections

249 parameters

2 restraints

Primary atom site location: dual

F(000) = 1872

D, =1.605 Mg m3

Mo Ka radiation, 1 = 0.71073 A

Cell parameters from 5012 reflections
0=2.1-27.5°

4 =138 mm™!

=173 K

Prism, colorless

0.4 x0.4 x0.2 mm

19620 measured reflections
4332 independent reflections
3855 reflections with 7> 2a([)
R =0.046

Omax = 27.5°, Opin = 2.1°
h=-25-25

k=-13—13

[=-24—-24

Hydrogen site location: mixed

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[6X(F,?) + (0.0348P)* + 3.1638P)]
where P = (F,2 + 2F2)/3

(A/0)max = 0.001

Apmx =031 A3

Apmin=—-036e¢ A7
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Extinction correction: SHELXL-2018/1
(Sheldrick 2015),
Fc'=kFc[1+0.001xFc?43/sin(26)] 4

Extinction coefficient: 0.00109 (13)

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso*/Ueq

Mnl 0.500000 0.500000 0.500000 0.02291 (11)
o1 0.60564 (7) 0.50006 (13) 0.57232 (8) 0.0254 (3)
Cl 0.60680 (13) 0.5206 (2) 0.69567 (13) 0.0368 (5)
H1 0.594602 0.605051 0.687011 0.044*

NI 0.61602 (8) 0.44789 (16) 0.64043 (9) 0.0226 (3)
Mn2 0.68359 (2) 0.53844 (3) 0.51070 (2) 0.01989 (10)
C2 0.61555 (15) 0.4693 (3) 0.76534 (13) 0.0455 (6)
H2 0.609182 0.519044 0.803946 0.055%*

02 0.45997 (7) 0.59052 (14) 0.58476 (8) 0.0290 (3)
03 0.34900 (7) 0.64803 (13) 0.54422 (8) 0.0251 (3)
C3 0.63378 (13) 0.3441 (2) 0.77773 (13) 0.0398 (6)
H3 0.640102 0.308856 0.824684 0.048%*
Mn3 0.750000 0.250000 0.500000 0.02146 (11)
c4 0.64253 (12) 0.2717 (2) 0.71959 (13) 0.0355 (5)
H4 0.654963 0.187201 0.727123 0.043*

04 0.51209 (8) 0.68135 (14) 0.45732 (9) 0.0319 (3)
05 0.62046 (8) 0.67838 (14) 0.44529 (8) 0.0287 (3)
cs 0.63271 (11) 0.3254 (2) 0.65014 (12) 0.0280 (4)
H5 0.637647 0.276949 0.610427 0.034*

cé6 0.41374 (10) 0.67368 (19) 0.57075 (11) 0.0241 (4)
06 0.75532 (7) 0.56777 (13) 0.44447 (8) 0.0269 (3)
c7 0.43584 (13) 0.8095 (2) 0.58470 (15) 0.0402 (6)
H7A 0.459117 0.836106 0.548603 0.060*
H7B 0.467028 0.817737 0.633739 0.060*
H7C 0.395451 0.861292 0.580629 0.060*

07 0.79968 (8) 0.37538 (13) 0.44121 (8) 0.0299 (3)
08 0.74244 (7) 0.10035 (13) 0.41514 (7) 0.0239 (3)
c8 0.56142 (11) 0.72708 (19) 0.43642 (12) 0.0268 (4)
9 0.54817 (15) 0.8513 (3) 0.39541 (19) 0.0567 (8)
HO9A 0.520255 0.837263 0.345358 0.085%*
H9C 0.591852 0.888472 0.394560 0.085*
H9B 0.523979 0.907121 0.420264 0.085*

09 0.69630 (12) —0.01467 (16) 0.31454 (10) 0.0552 (6)
C10 0.79817 (10) 0.49193 (19) 0.42916 (11) 0.0235 (4)
010 0.72800 (9) 0.68131 (14) 0.59148 (9) 0.0324 (3)
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H10A 0.7598 (12) 0.645 (3) 0.6246 (13) 0.049*
H10B 0.7398 (15) 0.7520 (19) 0.5805 (16) 0.049*
Cl1 0.85076 (14) 0.5440 (2) 0.39252 (16) 0.0435 (6)
H11A 0.833091 0.536035 0.339502 0.065*
H11B 0.893627 0.497746 0.409250 0.065*
HI11C 0.859103 0.631314 0.405432 0.065*
C12 0.70807 (11) 0.0878 (2) 0.34617 (11) 0.0286 (4)
C13 0.68183 (13) 0.2058 (2) 0.30226 (12) 0.0362 (5)
HI13A 0.691076 0.277449 0.334898 0.054*
H13B 0.632510 0.198775 0.279886 0.054*
HI13C 0.705221 0.216242 0.264085 0.054*
Atomic displacement parameters (42)

Ull lj22 l]33 U12 U13 U23
Mnl 0.0195 (2) 0.0200 (2) 0.0295 (2) 0.00260 (15) 0.00725 (17) 0.00445 (17)
0Ol 0.0230 (7) 0.0277 (8) 0.0258 (7) 0.0009 (6) 0.0073 (5) 0.0085 (6)
C1 0.0477 (14) 0.0283 (12) 0.0336 (12) 0.0043 (10) 0.0098 (10) —0.0067 (9)
N1 0.0228 (8) 0.0231 (8) 0.0224 (8) 0.0014 (6) 0.0069 (6) 0.0022 (7)
Mn2 0.02113 (16) 0.01489 (16) 0.02513 (17) 0.00127 (10) 0.00883 (12) 0.00102 (11)
C2 0.0627 (17) 0.0480 (15) 0.0268 (12) 0.0038 (13) 0.0141 (11) —0.0095 (11)
02 0.0275 (8) 0.0293 (8) 0.0305 (8) 0.0055 (6) 0.0082 (6) 0.0002 (6)
03 0.0239 (7) 0.0178 (7) 0.0331 (8) 0.0015 (5) 0.0070 (6) —0.0026 (6)
C3 0.0437 (14) 0.0487 (15) 0.0263 (11) 0.0020 (11) 0.0087 (10) 0.0076 (10)
Mn3 0.0249 (2) 0.0140 (2) 0.0275 (2) 0.00299 (15) 0.01058 (17) 0.00005 (16)
C4 0.0398 (13) 0.0320 (12) 0.0347 (12) 0.0047 (10) 0.0102 (10) 0.0081 (10)
04 0.0289 (8) 0.0233 (7) 0.0466 (9) 0.0034 (6) 0.0155 (7) 0.0078 (7)
05 0.0283 (8) 0.0244 (7) 0.0350 (8) 0.0064 (6) 0.0113 (6) 0.0075 (6)
C5 0.0318 (11) 0.0255 (10) 0.0288 (10) 0.0044 (8) 0.0117 (8) 0.0026 (8)
Cé6 0.0266 (10) 0.0215 (10) 0.0257 (10) —0.0009 (8) 0.0095 (8) —0.0011 (8)
06 0.0292 (8) 0.0204 (7) 0.0361 (8) 0.0031 (6) 0.0173 (6) 0.0035 (6)
C7 0.0323 (12) 0.0270 (12) 0.0611 (16) —0.0051 (9) 0.0124 (11) —0.0075 (11)
07 0.0394 (9) 0.0180 (7) 0.0390 (8) 0.0044 (6) 0.0218 (7) 0.0033 (6)
08 0.0282 (7) 0.0188 (7) 0.0248 (7) 0.0045 (5) 0.0072 (6) 0.0000 (5)
C8 0.0285 (11) 0.0204 (10) 0.0325 (11) 0.0026 (8) 0.0101 (8) 0.0039 (8)
C9 0.0467 (16) 0.0354 (14) 0.096 (2) 0.0137 (12) 0.0331 (15) 0.0358 (15)
09 0.0897 (16) 0.0254 (9) 0.0329 (9) 0.0061 (9) —0.0127 (9) —0.0053 (7)
C10 0.0256 (10) 0.0221 (10) 0.0251 (10) 0.0022 (8) 0.0107 (8) 0.0017 (8)
010 0.0397 (9) 0.0176 (7) 0.0364 (9) —0.0023 (6) 0.0045 (7) —0.0003 (6)
Cl11 0.0506 (15) 0.0286 (12) 0.0652 (17) 0.0046 (10) 0.0394 (13) 0.0088 (11)
Cl12 0.0334 (11) 0.0239 (10) 0.0262 (10) 0.0025 (8) 0.0042 (8) —0.0014 (8)
C13 0.0454 (13) 0.0314 (12) 0.0294 (11) 0.0092 (10) 0.0062 (10) 0.0042 (9)
Geometric parameters (A, ©)
Mnl—O1! 2.1680 (15) C4—H4 0.9300
Mnl1—O1 2.1681 (15) C4—C5 1.381 (3)
Mn1—O02! 2.1822 (15) 04—C8 1.251 (3)
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Mn1—O2
Mnl—O04i
Mn1—0O4
O1—NI1
Ol—Mn2
Cl1—H1
C1—N1
Cl—C2
N1—C5
Mn2—O03!
Mn2—O5
Mn2—06
Mn2—O8i
Mn2—O010
C2—H2
C2—C3
02—C6
0O3—Mn3i
03—C6
C3—H3
C3—C4
Mn3—O7i
Mn3—O7
Mn3—08
Mn3—O8i

01—Mn1—O0l1
01—Mn1—02!
01—Mnl1—02!
01—Mn1—02
O1—Mn1—02
02—Mnl1—02!
04-—Mnl1—O1!
04—Mnl1—O01
04-—Mn1—O01
04—Mnl—O1!
04-—Mn1—02
04—Mn1—02
04—Mnl—02!
04-—Mn1—02!
04—Mnl1—04!
Mnl—O1—Mn2
N1—O1—Mnl
N1—O1—Mn2
N1—C1—H1
N1—C1—C2
C2—Cl1—H1
C1—N1—01

2.1822 (15)
2.1207 (16)
2.1207 (16)
1.351 (2)
2.2113 (15)
0.9300
1.341 (3)
1377 3)
1.341 (3)
2.2404 (15)
2.1062 (15)
2.1551 (15)
2.2671 (14)
2.1506 (16)
0.9300
1.380 (4)
1.250 (2)
2.2028 (15)
1.278 (2)
0.9300
1.380 (3)
2.1338 (15)
2.1338 (15)
2.2194 (14)
2.2194 (14)

180.00 (7)
91.91 (6)
88.09 (6)
88.09 (6)
91.91 (6)
180.0
92.47 (6)
92.47 (6)
87.53 (6)
87.53 (6)
91.36 (6)
88.64 (6)
91.36 (6)
88.64 (6)
180.0
112.12 (6)
117.31 (11)
128.21 (11)
120.3

119.5 (2)
120.3
118.17 (18)

05—C8
C5—HS5
C6o—C7
06—C10
C7—H7A
C7—H7B
C7—H7C
07—C10
08—C12
C8—C9
C9—HO9A
C9—HOC
C9—H9B
09—C12
C10—C11
O10—H10A
O10—H10B
Cl11—HI11A
Cl11—H11B
Cl11—H11C
Cl12—C13
C13—HI3A
C13—HI3B
C13—HI13C

07—Mn3—O07i
O7—Mn3—08
07—Mn3—O08i
07i—Mn3—O08i
07i—Mn3—08
08—Mn3—O08i
C3—C4—H4
C3—C4—C5
C5—C4—H4
C8—04—Mnl
C8—0O5—Mn2
N1—C5—C4
N1—C5—HS5
C4—C5—H5
02—C6—03
02—C6—C7
03—C6—C7
C10—06—Mn2
C6—C7—HTA
C6—C7—H7B
C6—C7—HTC
H7A—C7—H7B

1.254 (2)
0.9300
1.508 (3)
1.262 (2)
0.9600
0.9600
0.9600
1.255 (2)
1.290 (2)
1.510 (3)
0.9600
0.9600
0.9600
1.228 (3)
1.506 (3)
0.848 (17)
0.829 (17)
0.9600
0.9600
0.9600
1.509 (3)
0.9600
0.9600
0.9600

180.0
91.58 (6)
88.43 (6)
91.57 (6)
88.43 (6)
180.00 (5)
120.2

119.7 (2)
120.2
130.47 (13)
139.17 (14)
119.5 (2)
120.2
120.2
122.61 (19)
118.29 (19)
119.09 (18)
129.45 (13)
109.5

109.5

109.5

109.5
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C5—NI1—O01 119.51 (16) H7A—C7—H7C 109.5
C5—NI1—Cl1 122.28 (19) H7B—C7—H7C 109.5
01—Mn2—03! 85.37 (6) C10—O7—Mn3 135.59 (13)
01—Mn2—O08i 89.66 (5) Mn3—08—Mn2i 97.00 (6)
03i—Mn2—O8i 76.44 (5) C12—08—Mn2i 128.45 (13)
05—Mn2—O01 92.21 (6) C12—08—Mn3 134.54 (13)
05—Mn2—03! 107.68 (6) 04—C8—05 126.06 (19)
05—Mn2—06 87.13 (6) 04—C8—C9 116.96 (19)
05—Mn2—O08 175.59 (6) 05—C8—C9 116.97 (19)
05—Mn2—O010 88.66 (6) C8—C9—H9A 109.5
06—Mn2—O01 176.02 (6) C8—C9—HO9C 109.5
06—Mn2—03! 91.08 (6) C8—C9—H9B 109.5
06—Mn2—O08i 91.27 (6) H9A—C9—HO9C 109.5
010—Mn2—O01 88.66 (6) H9A—C9—H9B 109.5
010—Mn2—03! 162.77 (6) H9C—C9—H9B 109.5
010—Mn2—06 95.25 (6) 06—C10—Cl11 117.96 (18)
010—Mn2—O8i 87.39 (6) 07—C10—06 124.82 (19)
C1—C2—H2 120.1 07—C10—C11 117.21 (18)
C1—C2—C3 119.9 (2) Mn2—O0O10—H10A 106 (2)
C3—C2—H2 120.1 Mn2—O010—H10B 124 (2)
C6—02—Mnl 123.62 (13) H10A—O10—H10B 113 (3)
Mn3ii—Q3—Mn2! 98.27 (6) C10—C11—HI1A 109.5
C6—03—Mn2! 120.04 (12) C10—C11—HI1B 109.5
C6—03—Mn3ii 138.28 (13) C10—C11—HI1IC 109.5
C2—C3—H3 120.4 H11A—C11—HI11B 109.5
C2—C3—C4 119.2 (2) HI1A—C11—HI11C 109.5
C4—C3—H3 120.4 H11B—C11—H11C 109.5
03i—Mn3—O03%" 180.00 (7) 08—Cl12—C13 117.86 (18)
03i—Mn3—O8i 78.19 (5) 09—C12—08 123.5 (2)
03"—Mn3—O8i 101.81 (5) 09—C12—C13 118.66 (19)
03"—Mn3—08 78.19 (5) C12—C13—HI13A 109.5
03i—Mn3—08 101.81 (5) C12—C13—H13B 109.5
07—Mn3—03! 89.75 (6) C12—C13—H13C 109.5
07i—Mn3—O03" 89.75 (6) H13A—CI13—HI13B 109.5
07i—Mn3—O03! 90.25 (6) H13A—CI13—H13C 109.5
07—Mn3—O03" 90.25 (6) H13B—C13—HI13C 109.5
Symmetry codes: (i) —x+1, —+1, —z+1; (ii) —x+3/2, —y+1/2, —z+1; (i) x—1/2, p+1/2, z; (iv) x+1/2, y-1/2, 2.

Hydrogen-bond geometry (4, °)

D—H-4 D—H H--4 DA D—H-A4
010—H104---09i 0.85(2) 1.85(2) 2.652 (2) 157 (3)
010—H10B---06" 0.83 (2) 1.98 (2) 2.786 (2) 166 (3)

Symmetry codes: (ii) —x+3/2, —y+1/2, —z+1; (v) —x+3/2, —y+3/2, —z+1.
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catena-Poly[[manganese(ll)]-p;-acetato-p,-acetato-p-(2-methylpyridine N-oxide)-[aquamanganese(I)]-di-p,-

acetato-manganese(ll)-di-p,-acetato-p;-acetato-[aquamanganese(ll)]-p»-acetato-p-(2-methylpyridine N-oxide)]

()

Crystal data

[Mny(C,H;0,)s(CsH7NO),(H,0),]
M,=946.4

Triclinic, P1

a=9.7704 3) A

b=10.5882 (7) A
c=11.47202) A

0.=65.76 (2)°

p=183.84(2)°

y=65.512 (15)°

7'=982.0 (2) A®

Data collection

Rigaku XtalLAB mini
diffractometer
Radiation source: Sealed Tube
Graphite Monochromator monochromator
Detector resolution: 13.6612 pixels mm'!
profile data from w—scans
Absorption correction: multi-scan
(REQAB; Rigaku, 1998)
Tin = 0.842, Tppx = 1.00

Refinement

Refinement on F*

Least-squares matrix: full
R[F?>20(F*)] = 0.041
wR(F?)=0.101

§=1.06

4503 reflections

259 parameters

2 restraints

Primary atom site location: dual
Hydrogen site location: mixed

Special details

Z=1

F(000) =484

D,=1.600 Mg m™

Mo Ko radiation, 2 = 0.71073 A

Cell parameters from 2512 reflections

0=2.0-27.5°
4 =134 mm™!
T=173K

Prism, colorless
0.3 x0.3 x0.2 mm

10542 measured reflections
4503 independent reflections
3551 reflections with 7> 2a([)

Ry =0.058

Omax = 27.5°, Opin = 2.3°
h=-12—12
k=-13—13
[=-14—14

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[c*(F,?) + (0.0271P)* + 0.5206P]
where P = (F,> + 2F2)/3

(A/0)max < 0.001

Apmax = 0.62 ¢ A7

Apmin=—0.46 ¢ A

Extinction correction: SHELXL-2018/1
(Sheldrick 2015),
Fc'=kFc[1+0.001xFc?A¥/sin(26)]

Extinction coefficient: 0.0045 (10)

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z l]iso*/Ueq
Mnl 0.500000 0.500000 0.500000 0.02633 (15)
Cl 0.9223 (3) 0.1967 (3) 0.5954 (3) 0.0385 (7)
o1 0.66323 (19) 0.2610 (2) 0.58767 (17) 0.0294 (4)
NI 0.7920 (3) 02213 (2) 0.6544 (2) 0.0306 (5)
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C2 1.0513 (4)
H2 1.143547
02 0.6422 (2)
Mn2 0.54423 (4)
c3 1.0472 (4)
H3 1.135892
03 0.5590 (2)
Mn3 0.500000
C4 0.9121 (4)
H4 0.907481
04 0.3972 (3)
05 0.3654 (2)
cs 0.7842 (4)
H5 0.690486
C6 0.9159 (4)
H6A 0.866513
H6B 1.018458
H6C 0.858321
06 0.7494 (2)
c7 0.6334 (3)
07 0.7340 (2)
08 0.4469 (2)
C8 0.7129 (5)
HSA 0.651688
H8C 0.728199
HSB 0.810839
09 0.4385 (3)
C9 0.3347 (4)
C10 0.2131 (5)
H10A 0.227713
H10B 0.218744
H10C 0.113896
010 0.6635 (2)
H10D 0.669 (4)
H10E 0.615 (4)
Cll 0.8010 (3)
C12 0.9586 (4)
H12B 1.028728
H12C 0.959934
HI2A 0.989418
C13 0.4250 (3)
Cl4 0.3769 (5)
H14A 0.291205
H14C 0.347239
H14B 0.461132

0.1617 (4)
0.147895
0.5705 (2)
0.10659 (4)
0.1465 (4)
0.121710
0.80401 (19)
0.000000
0.1680 (4)
0.155806
0.4521 (2)
0.2403 (2)
0.2072 (3)
0.224241
0.2095 (4)
0.147157
0.174165
0.315728
~0.0675 (2)
0.6596 (3)
~0.0951 (2)
~0.0610 (2)
0.5940 (4)
0.650930
0.487456
0.600750
~0.1325 (2)
0.3642 (3)
0.4060 (4)
0.316316
0.485502
0.443323
0.0116 (2)
~0.076 (2)
0.054 (4)
~0.1286 (3)
~0.2532 (5)
~0.212929
~0.336348
~0.291080
~0.1437 (3)
~0.2656 (4)
~0.220931
~0.310285
~0.344649

0.6641 (4)
0.624004
0.35280 (18)
0.65107 (4)
0.7900 (4)
0.836731
0.20131 (16)
1.000000
0.8465 (3)
0.933430
0.37791 (19)
0.49693 (19)
0.7767 (3)
0.814678
0.4616 (3)
0.458109
0.434390
0.404389
0.76008 (18)
0.2404 (2)
0.96318 (18)
0.72192 (18)
0.1464 (3)
0.064547
0.179635
0.133554
0.93300 (18)
0.4000 (3)
0.3031 (4)
0.288714
0.222086
0.335646
0.50856 (19)
0.529 (3)
0.436 (2)
0.8738 (3)
0.9039 (3)
0.850872
0.885672
0.994697
0.8312 (3)
0.8398 (3)
0.777399
0.926417
0.821308

0.0526 (9)
0.063*
0.0405 (5)
0.02574 (12)
0.0559 (9)
0.067*
0.0292 (4)
0.02716 (15)
0.0446 (8)
0.053*
0.0434 (5)
0.0389 (5)
0.0375 (7)
0.045*
0.0518 (9)
0.078*
0.078*
0.078*
0.0411 (5)
0.0292 (6)
0.0391 (5)
0.0381 (5)
0.0695 (13)
0.104*
0.104*
0.104*
0.0417 (5)
0.0388 (7)
0.0752 (13)
0.113*
0.113*
0.113*
0.0347 (5)
0.052%*
0.052%*
0.0324 (6)
0.0574 (10)
0.086*
0.086*
0.086*
0.0299 (6)
0.0583 (10)
0.087*
0.087*
0.087*
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Atomic displacement parameters (42)

Ull U22 (]33 U12 U13 l]23
Mnl 0.0309 (3) 0.0219 (3) 0.0235 (3) —0.0121 (2) —0.0010 (2) —0.0047 (2)
Cl1 0.0297 (15) 0.0323 (15) 0.0463 (17) —0.0089 (13) 0.0010 (13) —0.0126 (14)
(0] 0.0254 (9) 0.0257 (9) 0.0335 (10) —0.0095 (8) —0.0038 (8) —0.0082 (8)
N1 0.0301 (12) 0.0259 (11) 0.0320 (12) —0.0113 (10) —0.0046 (10) —0.0066 (10)
C2 0.0262 (15) 0.058 (2) 0.064 (2) —0.0109 (15) —0.0015 (15) —0.0215 (19)
02 0.0388 (11) 0.0326 (11) 0.0319 (11) —0.0104 (9) 0.0061 (9) —0.0015 (9)
Mn2 0.0309 (2) 0.0255 (2) 0.0225 (2) —0.01314 (18) 0.00076 (16) —0.00934 (17)
C3 0.0438 (19) 0.054 (2) 0.065 (2) -0.0127 (17) —0.0211 (17) —0.0211 (19)
03 0.0372 (10) 0.0228 (9) 0.0237 (9) —0.0106 (8) 0.0045 (8) —0.0081 (8)
Mn3 0.0340 (3) 0.0254 (3) 0.0215 (3) —0.0123 (2) 0.0022 (2) —0.0089 (2)
C4 0.0488 (19) 0.0428 (18) 0.0398 (17) —0.0160 (16) —0.0093 (15) —0.0144 (15)
04 0.0600 (14) 0.0399 (12) 0.0350 (11) —0.0272 (11) —0.0071 (10) —0.0100 (10)
05 0.0449 (12) 0.0278 (10) 0.0385 (11) —0.0133 (9) —0.0110 (9) —0.0065 (9)
CS5 0.0430 (17) 0.0346 (16) 0.0351 (15) —0.0177 (14) 0.0004 (13) —0.0118 (13)
C6 0.0410 (18) 0.060 (2) 0.0445 (19) —0.0117 (17) 0.0085 (15) —0.0222 (18)
06 0.0430 (12) 0.0371 (11) 0.0324 (11) —0.0075 (10) —0.0079 (9) —0.0105 (9)
C7 0.0300 (14) 0.0264 (13) 0.0290 (14) —0.0124 (11) 0.0060 (11) —0.0092 (11)
o7 0.0366 (11) 0.0430 (12) 0.0334 (11) —0.0120 (10) 0.0040 (9) —0.0162 (10)
08 0.0544 (13) 0.0426 (12) 0.0298 (10) —0.0322 (11) 0.0046 (9) —0.0139 (9)
C8 0.109 (3) 0.0298 (17) 0.041 (2) —0.006 (2) 0.019 (2) —0.0141 (16)
09 0.0666 (15) 0.0410 (12) 0.0278 (10) —0.0306 (11) 0.0047 (10) —0.0149 (10)
C9 0.0446 (17) 0.0289 (15) 0.0403 (16) —0.0114 (13) —0.0100 (14) —0.0121 (13)
C10 0.090 (3) 0.047 (2) 0.077 (3) —0.030 (2) —0.052 (2) 0.001 (2)
010 0.0417 (11) 0.0367 (11) 0.0298 (10) —0.0172 (10) 0.0012 (9) —0.0158 (10)
Cl11 0.0308 (14) 0.0283 (14) 0.0371 (15) —0.0113 (12) —0.0021 (12) —0.0120 (13)
C12 0.0366 (18) 0.066 (2) 0.051 (2) 0.0004 (17) —0.0074 (16) —0.0263 (19)
C13 0.0335 (14) 0.0277 (14) 0.0294 (14) —0.0152 (12) 0.0017 (11) —0.0094 (12)
Cl4 0.096 (3) 0.062 (2) 0.048 (2) —0.061 (2) 0.019 (2) —0.0251 (18)
Geometric parameters (A, ©)
Mnl1—O1 2.2061 (19) C4—C5 1.374 (4)
Mnl1—O1! 2.2061 (19) 04—C9 1.244 (4)
Mn1—02! 2.159 (2) 05—C9 1.263 (3)
Mn1—O2 2.159 (2) C5—H5 0.9500
Mnl1—0O4 2.129 (2) C6—HoA 0.9800
Mn1—04! 2.129 (2) C6—HoB 0.9800
C1—NI1 1.354 (4) C6—HoC 0.9800
Cl—C2 1.389 (4) 06—Cl1 1.246 (3)
C1—C6 1.491 (4) C7—C8 1.495 (4)
O1—NI1 1.359 (3) 07—Cl11 1.253 (3)
O1—Mn2 2.2300 (18) 08—Cl13 1.258 (3)
N1—C5 1.346 (4) C8—HS8A 0.9800
C2—H2 0.9500 C8—H8C 0.9800
C2—C3 1.385 (5) C8—H&B 0.9800
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02—C7
Mn2—O03!
Mn2—O0O5
Mn2—06
Mn2—0O8
Mn2—O010
C3—H3
C3—C4
0O3—Mn3i
03—C7
Mn3—OQ7i
Mn3—O7
Mn3—09
Mn3—O9ii
C4—H4

01—Mn1—O0l1
02—Mn1—O01
02—Mnl—O1!
02—Mnl1—O01
02—Mnl1—O1!
02—Mnl—02!
04-—Mnl1—O1!
04—Mnl1—O01
04—Mnl—O1!
04-—Mn1—O01
04-—Mn1—02!
04-—Mn1—02
04—Mn1—02
04—Mnl—02!
04—Mnl—04!
N1—C1—C2
N1—C1—C6
C2—C1—C6
Mnl—O1—Mn2
N1—O1—Mnl
N1—O1—Mn2
C1—N1—01
C5—N1—C1
C5—N1—0l1
C1—C2—H2
C3—C2—Cl1
C3—C2—H2
C7—02—Mnl
O01—Mn2—O010
03i—-Mn2—O01
03i—Mn2—O010
05—Mn2—O01

1.232 (3)
2.2224 (18)
2.177 (2)
2.136 (2)
2.182 (2)
2.239(2)
0.9500
1.379 (5)
2.3091 (18)
1.286 (3)
2.157 (2)
2.157 (2)
2.1453 (19)
2.1452 (19)
0.9500

180.0
85.03 (7)
85.03 (7)
94.97 (7)
94.97 (7)
180.0
91.37 (8)
91.37 (8)
88.63 (8)
88.63 (8)
91.45 (8)
88.55 (8)
91.45 (8)
88.55 (8)
180.0
117.6 (3)
117.2 (3)
125.2 (3)
110.48 (7)
120.93 (14)
119.74 (14)
118.8 (2)
122.8 (3)
118.4 (2)
119.5
121.0 (3)
119.5
140.53 (19)
88.73 (7)
89.31 (7)
176.15 (7)
97.41 (7)

09—C13
C9—C10
C10—HI10A
C10—H10B
C10—H10C
O10—H10D
O10—HI10E
Cl11—C12
C12—HI12B
Cl12—HI12C
Cl12—HI2A
C13—Cl14
Cl14—H14A
C14—H14C
C14—H14B

09—Mn3—07
09ii—Mn3—Q7ii
09ii—Mn3—09
C3—C4—H4
C5—C4—C3
C5—C4—H4
C9—04—Mnl
C9—0O5—Mn2
N1—C5—C4
N1—C5—HS5
C4—C5—HS5
C1—C6—HO6A
C1—C6—H6B
C1—C6—H6C
H6A—C6—H6B
H6A—C6—H6C
H6B—C6—H6C
C11—O6—Mn2
02—C7—03
02—C7—C8
03—C7—C8
C11—O7—Mn3
C13—08—Mn2
C7—C8—HS8A
C7—C8—HS8C
C7—C8—H8B
H8A—C8—HS8C
H8A—C8—HEB
H8C—C8—HSB
C13—09—Mn3
04—C9—05
04—C9—C10

1.247 (3)
1.513 (4)
0.9800
0.9800
0.9800
0.838 (18)
0.846 (18)
1.513 (4)
0.9800
0.9800
0.9800
1.511 (4)
0.9800
0.9800
0.9800

93.91 (8)
93.91 (8)
180.0

120.1

119.8 (3)
120.1
132.59 (19)
133.4 (2)
119.8 (3)
120.1

120.1

109.5

109.5

109.5

109.5

109.5

109.5
136.82 (19)
1232 (2)
117.5 (2)
119.4 (2)
134.16 (18)
134.65 (18)
109.5

109.5

109.5

109.5

109.5

109.5
139.90 (18)
125.4 (3)
118.2 (3)
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05—Mn2—O03! 101.91 (7) 05—C9—C10 116.4 (3)
05—Mn2—O08 87.26 (8) C9—C10—HI10A 109.5
05—Mn2—O010 81.63 (8) C9—C10—HI10B 109.5
06—Mn2—O01 86.79 (8) C9—C10—H10C 109.5
06—Mn2—O03! 97.97 (7) H10A—C10—H10B 109.5
06—Mn2—O05 159.71 (8) H10A—C10—H10C 109.5
06—Mn2—O08 88.10 (8) H10B—C10—H10C 109.5
06—Mn2—O010 78.61 (8) Mn2—0O10—H10D 112 (2)
08—Mn2—O01 174.87 (7) Mn2—O10—HI10E 115 (2)
08—Mn2—O03! 91.81 (7) H10D—O10—HI0E 99 (3)
08—Mn2—O010 89.86 (8) 06—C11—07 125.7 (3)
C2—C3—H3 120.6 06—C11—C12 116.1 (3)
C4—C3—C2 118.8 (3) 07—C11—C12 118.3 (3)
C4—C3—H3 120.6 C11—CI12—H12B 109.5
Mn2i—O03—Mn3t 110.16 (7) Cl11—CI12—H12C 109.5
C7—O03—Mn2! 117.09 (16) Cl11—CI2—HI12A 109.5
C7—O03—Mn3t 132.72 (17) H12B—C12—H]12C 109.5
03"—Mn3—03! 180.0 H12B—C12—HI2A 109.5
07i—Mn3—O03! 88.03 (7) HI12C—C12—HI2A 109.5
O7—Mn3—O03V 88.03 (7) 08—C13—Cl14 117.4 (2)
07—Mn3—03! 91.97 (7) 09—C13—08 125.2 (3)
07i—Mn3—O3" 91.97 (7) 09—C13—C14 117.3 (2)
O7—Mn3—O7i 180.0 C13—C14—H14A 109.5
09ii—Mn3—O03! 88.85 (7) C13—C14—H14C 109.5
09ii—Mn3—O3" 91.15(7) C13—C14—H14B 109.5
09—Mn3—O03V 88.85 (7) H14A—C14—H14C 109.5
09—Mn3—O03! 91.15 (7) H14A—C14—H14B 109.5
09ii—Mn3—07 86.09 (8) H14C—C14—H14B 109.5
09—Mn3—O7i 86.09 (8)

Symmetry codes: (i) —x+1, —y+1, —z+1; (ii) x, y+1, z—1; (iil) —x+1, =y, —z+2; (iv) x, y—1, z+1.

Hydrogen-bond geometry (4, °)

D—H-4 D—H H--4 DA D—H-4
O10—H10D--05Y 0.84 (2) 2.04 (2) 2.821 (3) 155 (3)
O10—HI10E--O8Y 0.85(2) 1.94 (2) 2.727 (3) 155 (3)

Symmetry code: (v) —x+1, —y, —z+1.

catena-Poly[[manganese(ll)-di-p,-acetato-p-(4-methylpyridine N-oxide)] monohydrate] (111)

Crystal data

[MH(C2H302)2(C6H7NO)]'HzO
M,=300.17

Monoclinic, P2i/n

a=11.100 (3) A
b=17334(3)A

c=15.9808 (4) A

£=96.500 (11)°

V'=1292.6 (6) A3
Z=4

F(000) = 620
Dy=1.542 Mg m™3

Mo Ko radiation, A = 0.71073 A
Cell parameters from 2982 reflections

0=2.1-27.5°
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4 =1.04 mm™!
T=173K

Data collection

Rigaku XtalLAB mini
diffractometer

Detector resolution: 13.6612 pixels mm'!

profile data from w—scans

Absorption correction: multi-scan
(REQAB; Rigaku, 1998)

Tnin = 0.850, Tnax = 1.00

13236 measured reflections

Refinement

Refinement on F?
Least-squares matrix: full
R[F? > 20(F%)] = 0.045
wR(F?)=0.105

§=1.07

2957 reflections

173 parameters

2 restraints

Hydrogen site location: mixed

Special details

Prism, colorless
0.2 x 0.05 x 0.05 mm

2957 independent reflections
2224 reflections with > 20(/)
Rin=0.074

Omax = 27.6°, Omin = 2.1°
h=-14—14

k=-9-9

[=-20—20

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[6*(F,2) + (0.0269P)* + 1.0998P]
where P = (F,2 + 2F2)/3

(A/0)max = 0.001

Apmx=0.35e A3

Appin=—0.40 e A

Extinction correction: SHELXL-2018/1
(Sheldrick 2015),
Fc'=kFc[1+0.001xFc?43/sin(26)] 4

Extinction coefficient: 0.0042 (9)

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving Ls. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso™/Ueq

Mnl 0.25529 (4) 0.54319 (6) 0.75049 (3) 0.02337 (15)
(0)} 0.35635 (15) 0.7980 (2) 0.73689 (12) 0.0243 (4)
Cl 0.5439 (2) 0.8534 (4) 0.69051 (19) 0.0316 (7)
H1 0.505841 0.869094 0.636076 0.038*

N1 0.47864 (19) 0.8127 (3) 0.75356 (14) 0.0235 (5)
C2 0.6685 (3) 0.8721 (4) 0.7071 (2) 0.0354 (7)
H2 0.713428 0.902878 0.663478 0.042%*
02 0.33022 (19) 0.4486 (3) 0.63859 (13) 0.0372 (5)
03 0.3188 (2) 0.1450 (3) 0.63793 (13) 0.0389 (5)
C3 0.7278 (2) 0.8459 (4) 0.7874 (2) 0.0323 (7)
C4 0.6557 (3) 0.8040 (4) 0.85053 (19) 0.0321 (7)
H4 0.691779 0.786075 0.905330 0.039*

04 0.10483 (18) 0.6385 (3) 0.66703 (14) 0.0402 (6)
05 0.09920 (19) 0.9411 (3) 0.66333 (14) 0.0385 (5)
C5 0.5315 (3) 0.7885 (4) 0.83299 (18) 0.0284 (6)
H5 0.484307 0.761524 0.875895 0.034*

Co6 0.8641 (3) 0.8641 (5) 0.8053 (2) 0.0455 (8)
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H6A 0.884813 0.903431 0.862398 0.068*
H6B 0.892537 0.952060 0.767630 0.068*
He6C 0.901330 0.748229 0.797218 0.068*
C7 0.3391 (2) 0.2954 (4) 0.60495 (17) 0.0259 (6)
C8 0.3785 (3) 0.2898 (5) 0.51770 (19) 0.0379 (7)
H8A 0.351789 0.398675 0.487760 0.057*
H8B 0.343341 0.185322 0.488106 0.057*
H&C 0.465247 0.282015 0.521701 0.057*
C9 0.0622 (2) 0.7859 (4) 0.63902 (18) 0.0271 (6)
C10 —0.0435 (3) 0.7767 (5) 0.5705 (2) 0.0461 (9)
H10A —0.083947 0.892610 0.565920 0.069*
H10B —0.099334 0.684427 0.584238 0.069*
H10C —0.014279 0.747388 0.517831 0.069*
06 0.3091 (2) 0.7951 (4) 0.53409 (15) 0.0440 (6)
H6D 0.301 (4) 0.882 (4) 0.567 (2) 0.066*
H6E 0313 (4) 0.708 (4) 0.568 (2) 0.066*
Atomic displacement parameters (42)

Ull l]22 (]33 UIZ U13 l]23
Mnl 0.0222 (2) 0.0195 (2) 0.0284 (2) —0.00149 (16) 0.00291 (17) —0.00006 (16)
0Ol 0.0159 (9) 0.0210 (10) 0.0355 (11) —0.0003 (7) 0.0009 (8) —0.0011 (8)
Cl 0.0253 (14) 0.0377 (18) 0.0317 (16) —0.0018 (13) 0.0033 (12) 0.0015 (13)
N1 0.0167 (10) 0.0223 (12) 0.0311 (12) —0.0014 (9) 0.0014 (9) —0.0015 (10)
C2 0.0279 (15) 0.0411 (19) 0.0388 (17) —0.0032 (14) 0.0105 (13) —0.0054 (15)
02 0.0438 (13) 0.0300 (12) 0.0403 (13) —0.0022 (10) 0.0155 (10) —0.0046 (9)
03 0.0518 (13) 0.0287 (12) 0.0396 (12) 0.0006 (10) 0.0192 (11) 0.0044 (10)
C3 0.0227 (14) 0.0291 (17) 0.0445 (18) 0.0001 (12) 0.0006 (13) —0.0065 (13)
C4 0.0298 (15) 0.0320 (17) 0.0327 (16) 0.0002 (12) —0.0047 (13) —0.0015 (13)
04 0.0329 (11) 0.0293 (12) 0.0547 (14) —0.0023 (9) —0.0114 (10) 0.0081 (10)
05 0.0343 (12) 0.0250 (12) 0.0529 (14) 0.0027 (9) —0.0093 (10) —0.0067 (10)
Cs5 0.0283 (15) 0.0279 (16) 0.0289 (15) 0.0011 (12) 0.0031 (12) —0.0002 (12)
C6 0.0270 (16) 0.047 (2) 0.061 (2) —0.0010 (15) 0.0000 (15) —0.0082 (18)
C7 0.0215 (13) 0.0306 (16) 0.0259 (14) 0.0000 (11) 0.0036 (11) —0.0001 (12)
C8 0.0426 (18) 0.0417 (19) 0.0307 (16) —0.0055 (14) 0.0097 (14) 0.0014 (14)
C9 0.0221 (14) 0.0310 (16) 0.0284 (15) 0.0022 (12) 0.0033 (12) 0.0028 (12)
C10 0.043 (2) 0.043 (2) 0.047 (2) —0.0048 (16) —0.0164 (17) 0.0023 (16)
06 0.0536 (15) 0.0473 (16) 0.0306 (12) —0.0011 (13) 0.0023 (11) —0.0039 (10)
Geometric parameters (A, ©)
Mnl1—O1! 2.206 (2) C4—C5 1.380 (4)
Mnl—O1 2.203 (2) 04—C9 1.243 (3)
Mnl1—02 2.170 (2) 05—C9 1.257 (3)
Mn1—O3 2.179 (2) C5—H5 0.9300
Mnl1—04 2.134 (2) C6—Ho6A 0.9600
Mn1—O05! 2.136 (2) C6—HoB 0.9600
O1—NI1 1.358 (3) C6—HoC 0.9600
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Cl—H1
C1—NI1
Cl—C2
N1—C5
C2—H2
C2—C3
02—C7
03—C7
C3—C4
C3—Co
C4—H4
01—Mnl—O1i
02—Mnl—O1!
02—Mnl1—O01
02—Mnl—O03f
03i-Mnl—Ol!
03i-Mnl1—Ol
04—Mnl1—O01
04—Mnl—O1!
04—Mn1—02
04—Mnl—O03f
04—Mnl—O05'
05—Mnl1—O01
05—Mnl1—O1!
05-—Mn1—02
05—Mn1—O03i
Mnl—O1—Mnli
N1—O1—Mnl
N1—O1—Mnli
N1—C1—Hl1
N1—C1—C2
C2—Cl1—H1
C1—N1—01
C1—N1—C5
C5—N1—O01
C1—C2—H2
C1—C2—C3
C3—C2—H2
C7—02—Mnl
C7—O03—Mnl!
C2—C3—C4
C2—C3—C6
C4—C3—C6
C3—C4—H4

0.9300

1.339 (4)
1.386 (4)
1.348 (4)
0.9300

1.387 (4)
1.254 (3)
1.254 (3)
1.391 (4)
1.514 (4)
0.9300

176.46 (6)
94.96 (8)
86.72 (8)
178.58 (8)
86.37 (8)
91.92 (8)
91.80 (8)
85.20 (8)
86.30 (9)
93.32 (9)
177.62 (9)
90.27 (8)
92.69 (8)
94.99 (9)
85.44 (9)
112.64 (8)
123.84 (15)
118.48 (15)
120.3
119.4 (3)
120.3
118.9 (2)
121.5 (2)
119.5 (2)
119.3
121.5 3)
119.3
134.09 (19)
138.4 (2)
116.8 (3)
121.5 3)
121.8 3)
119.5

C7—C8
C8—HRBA
C8—HgB
C8—H8C
C9—C10
C10—H10A
C10—HI10B
C10—HI10C
06—H6D
06—H6E

C5—C4—C3
C5—C4—H4
C9—04—Mnl
C9—O05—Mnli
N1—C5—C4
N1—C5—HS5
C4—C5—H5
C3—C6—H6A
C3—C6—H6B
C3—C6—H6C
H6A—C6—H6B
H6A—C6—H6C
H6B—C6—H6C
02—C7—C8
03—C7—02
03—C7—C8
C7—C8—H8A
C7—C8—H8B
C7—C8—HS8C
H8A—C8—HEB
H8A—C8—HS8C
H8B—C8—HSC
04—C9—05
04—C9—C10
05—C9—C10
C9—C10—H10A
C9—C10—H10B
C9—C10—H10C
H10A—C10—H10B
HI10A—C10—H10C
H10B—C10—H10C
H6D—O6—H6E

1.508 (4)
0.9600
0.9600
0.9600
1.513 (4)
0.9600
0.9600
0.9600
0.841 (19)
0.839 (18)

120.9 (3)
119.5
138.5 (2)
135.55 (19)
119.9 (3)
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
117.7 (3)
125.5 (3)
116.7 (3)
109.5
109.5
109.5
109.5
109.5
109.5
125.3 (3)
117.0 (3)
117.6 (3)
109.5
109.5
109.5
109.5
109.5
109.5
100 (4)

Symmetry codes: (i) —x+1/2, y—1/2, —z+3/2; (if) =x+1/2, y+1/2, —z+3/2.

Acta Cryst. (2018). E74, 1405-1410

sup-13



supporting information

Hydrogen-bond geometry (4, °)

D—H-A D—H H-A DA D—H-A
06—H6D--03ii 0.84 (2) 223 (2) 3.052 (3) 165 (4)
06—H6E--02 0.84 (2) 2.21(2) 3.035 (3) 170 (4)

Symmetry code: (iii) x, y+1, z.
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