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A series of manganese(ll) tris(2-benzimidazolylmethyl)amine (ntb) complexes were synthesized and characterized.
In these complexes, ntb functions as a tripodal tetradentate ligand, resulting in trigonal pyramidal geometry. The
complexes have five- to seven-coordinate manganese(ll) ions depending on the additional ligand used. In each
complex, an additional ligand, chloride anion, acetate anion, or nitrite anion, is coordinated at the “opened” site
trans to the apical tertiary nitrogen atom of the ntb ligand. CompleMn' (ntb)CI]CI, has trigonal bipyramidal
geometry. This geometry, corresponding to the active-site geometry of native manganese superoxide dismutase,
was easily constructed using ntb as a tetradentate ligand and chloride as a monodentate ligand. Zomplex
[Mn"(ntb)(OAC)]Cl, was synthesized using ntb as a tetradentate ligand and acetate as a chelating bidentate ligand.
The seven-coordinate complex [Mmtb)(NG),], 3, was also synthesized using ntb as a tetradentate ligand and
nitrites as both monodentate and bidentate ligands. In each case, up to three donor atoms could be accommodated
by the “opened” site without significant disturbance to the trigonal pyramidal portion of the complex. Crystal
data are as follows. [MHntb)CI]CI-2.5MeOH,1: triclinic space groufl; a = 13.388(2) Ab = 14.427(2) A,

¢ = 17.595(3) A;a = 79.13(1)°,8 = 83.28(2)°,y = 66.02(2)°;V = 3046.3(8) &; Z = 4; R1= 0.0786, WR2

= 0.2063 for reflections of > 20(1). [Mn"(ntb)(OAc)]CI-0.5MeOH-3.25k0, 2: triclinic space groufPl; a =

13.308(1) Ab = 14.689(2) A,c = 18.335(2) A;a = 75.48(1)°,f = 79.21(1)°,y = 62.99(1)°;V = 3195.7(6)

A3 Z=4; R1=0.0899, wR2= 0.2594 for reflections of > 24(l). [Mn'(ntb)(NO)2]-4MeOH, 3: monoclinic

space groufP2/n; a = 14.484(14) Ab = 15.454(14) Ac = 14.925(11) A;3 = 114.86(6)°;V = 3031(5) A,

Z = 4; R1= 0.0748, wR2= 0.1614 for reflections of > 20(l).

Introduction have received much less attention. Therefore, the synthesis and
characterization of mononuclear manganese centers with bio-
logically relevant heteroatomic donor ligands and their geometry
is an important area of investigation. In this study, we describe
the synthesis and characterization of various manganese(ll)
complexes with the tripodal tetradentate ligand tris(2-benzimi-
dazolylmethyl)amine (ntb).

It is well-known that manganese plays an important role in
many biological systems including photosystem Il (water
oxidation), catalase (disproportionation of the hydrogen perox-
ide), and superoxide dismutase (dismutation of the superoxide
radical)l=2 The active site of catalase contains a dinuclear
manganese centéwyhereas the tetranuclear manganese center
or dimer of dimer& serves as a current working model for the
active site of photosystem Il. Mononuclear and trinuclear
arrangements of the manganese ions in photosystem Il have Materials. The following were used as received with no further
also been proposed on the basis of the low-field EPR sighal, purification: tris(2-benzimidazolylmethyl)amine (Aldrich), sodium
and it is now known that the mononuclear manganese centernitrite (Aldrich), manganese chloride tetrahydrate (Yakuri), manganese
of the manganese superoxide dismutase active site has trigonafcetate tetrahydrate (Yakuri), and methanol (Carlo Erba).
bipyramidal geometr$:1® While the preparation and charac- Elemental Analyses. C, H, N,_ and Mn determinations were
terization of the polynuclear manganese complex relevant to performed py the elemental anal_y5|s laboratory of the Korean Institute
the active center of photosystem Il and catalase have beenCf Basic Science and by Galbraith Laboratory.
studied extensivel{:~13 relatively simple mononuclear centers

Experimental Section

IR Spectroscopy. Infrared spectra were recorded as KBr pellets in
the range 4000—400 crhon a Digi Lab FT-IR spectrometer.

® Abstract published ifdvance ACS Abstractépril 1, 1997. Mass Spectrometry. Positive-ion FAB mass spectra were obtained
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using an Evans balance. The measurements were calibrated against @able 1. Crystallographic Data for [MHntb)CI]CI-2.5MeOH (1),

Hg[Co(SCN})] standard.
Syntheses. (a) [M#(ntb)CIICI, 1. A 0.407 g (1 mmol) sample

[Mn"(ntb)(OAC)]CI-0.5MeOH-3.25kD (2), and
[Mn"(ntb)(NO,)2]-4MeOH (3)

of tris(2-benzimidazolylmethyl)amine was dissolved in 25 mL of 1

2

3

methanol, and 0.197 g (1 mmol) of manganese(ll) chloride tetrahydrate

was dissolved using a minimal amount of methanol in another flask. en}g'rrr'ﬁﬁlla

Ca7H30CIoMNN7O2 5 Cop.H32 sCIMNN7Os 75 Co7H29MNNgOg

The two solutions were mixed and stirred. After 3 min of stirring, the 4, 606.41 631.49 630.53
combined solution was filtered. After slow evaporation of the filtrate = space group P1 P1 P2/n
solution for 1 week, pale yellowish pink rectangular crystals suitable a, A 13.388(2) 13.808(1) 14.484(14)
for crystallographic study were obtained (0.48 g, 84% yield). Anal. b, A 14.427(2) 14.689(2) 15.454(14)
Calcd for [Mn(ntb)CI]CH2H,0 (MnCpgH2sN70.Cl,): C, 50.63; H, 4.43; c,A 17.595(3) 18.335(2) 14.925(11)
N, 17.22; Mn, 9.65. Found: C, 50.27; H, 4.00; N, 17.03; Mn, 9.55. @ deg 79.13(1) 75.48(1)
FAB (fast atom bombardment) M®)/z: [Mn(ntb)CIf, 497.1. pes: B, deg 83.28(2) 79.21(1) 114.86(6)
5-83us. DR sonan noa Tls 3031(5

(b) [Mn"(ntb)(OAC)ICI, 2. A 0.200 g (0.5 mmol) sample of tris- 12 p value, 22.5 3@) 20 © 20 ®)
(2-benzimidazolylmethyl)amine was dissolved in 20 mL of methanol, deg
and 0.100 g (0.5 mmol) of manganese(ll) chloride tetrahydrate was crystal size, 0.20x 0.40 x 0.30x 0.50 x 0.10x 0.30x
added to the solution. A 0.100 g (2.5 mmol) amount of sodium acetate MM 0.50 0.70 0.50
was also dissolved in 20 mL of methanol in another flask. The two No: Of refins 5673 5967 2500

- - - - N . collected
solutlpns were mixed and stlrred_. After 3 min of stlrrlng the solution no. of indep 5440 5967 2395
was filtered. After slow evaporation of the filtrate solution for 1 week, refins [Rint = 0.03] [Rint = 0.00] [Rint = 0.05]
pale brown rectangular crystals suitable for crystallographic study were GOF onF2 1.065 1.077 1.027
obtained (0.17 g, 56% yield). Anal. Calcd for [Mn(ntb)(OAc)iCI final R[I > R12=0.0786 R1=0.0899 R1=0.0748
3H,O (MnCyH3oN;OsCl): C, 51.11; H, 4.95; N, 16.05; Mn, 8.99. 20(1)] wR2P = 0.2063 WR2= 0.2594 WR2=0.1614
Found: C, 50.86; H, 5.05; N, 15.72; Mn, 9.45. IR: 1560, 1407tm  R(alldata) R1=0.1245 RI=0.1177 R1=0.1350
wR2=0.2383 wR2=0.2834 WR2=0.1863

(OACT). uei: 5.90us.

(c) Mn"(ntb)(NO2),, 3. A 0.20 g (0.35 mmol) sample of complex
1 was dissolved in 10 mL of methanol, and 0.20 g (3 mmol) of NaNO
was dissolved in 10 mL of methanol in another flask. After the two
solutions were mixed, a small amount of fine yellowish powder formed
and was filtered off immediately. The filtrate was allowed to stand
for 3 days, whereupon pale yellow crystals were obtained (0.13 g, 68%
yield). Anal. Calcd for [Mn(ntb)(NQ),]-H2O (MnCy4H23N7Os): C,
50.36; H, 4.05; N, 22.02; Mn, 9.60. Found: C, 50.01; H, 3.99; N,
21.56; Mn, 9.82. FAB MSm/z: [Mn(ntb)(NQ)]*, 508.1. IR: 1235,
1205 cn? (nitro, nitrito). uer: 5.63 ue.

Crystallographic Data Collection and Refinement of the Struc-
tures. Because crystals df—3 lose their solvents of crystallization
within 1 min, they were mounted in glass capillaries with the mother
liquor to prevent the loss of the structural solvents during data
collections. Preliminary examinations and data collections were
performed with Mo Kx radiation ¢ = 0.710 69 A) on an Enraf-Nonius
CAD4 computer-controllede-axis diffractometer equipped with a
graphite crystal, incident-beam monochromator. Cell constants and

AR1 = 3 ||Fo|l — IFcll/Z|Fol. PWR2 = [YW(Fo? — FA)ZywWRe*Y2

Figure 1. ORTEP drawing of the cation of compléx[Mn" (ntb)CIJ*.

orientation matrixes for data collections were obtained from least- trigonal bipyramidal complex and the other isces-dichloro
squares refinement, using the setting angles of 25 reflections. Datahexacoordinate distorted octahedral compfexThe neutral
were collected at room temperature usingdhscan technique. Three  tripodal tetradentate ligand forms a trigonal pyramidal geometry
standard reflections were monitored every hour, but no intensity with the manganese(ll) ion, and the monodentate chloride anion
variations were monitored. Lorentz and polarization corrections were gccupies the remaining “opened” axial position to complete a
applied to the data; however, no corrections were made for absorption.trigona| bipyramidal geometry. Another chloride anion exists
Al structures were solved by direct methods using SHELXS 86d as a counterion. The oxidation state of the manganese ion is

refined by full-matrix least-squares calculations with SHELXL193. 8 ] - -
All non-hydrogen atoms were refined anisotropically; hydrogen atoms +2, as confirmed by room ter?n.perature mag!'letlc suscept_lblllty
measurements. Redox stability of compléxs observed in

were allowed to ride on geometrically ideal positions with isotropic .
temperature factors 1.2 times those of the attached non-hydrogen atomsthe cyclic voltammogram. The FAB mass spectrum of complex
Crystal and intensity data are given in Table 1. 1 showed a peak ain/z497.1 for [Mn(ntb)CIf". The bond

distance between the manganese ion and the apical nitrogen
atom (N(1)) is 2.510 A, about 0.35 A longer than the bond
distances between the manganese ion and the trigonal basal
nitrogen atoms (2.137—2.169 A, average2.156 A) (Table

2). This significant elongation is always observed in manganese
complexes of tripodal tetradentate ligands with the benzimida-
zolylmethyl groupt”-18 Similar elongations are also observed

in zinc complexes of analogous ligands?® However the
corresponding bond distances of cobalt and iron complexes are
relatively short8-21.22 The average bond angle {NMn—Ng)

Results and Discussion

The Five-Coordinate Manganese(ll) Complex.[Mn' (ntb)-
CIICl, 1, was synthesized using manganese(ll) chloride as the
metal source and tris(2-benzimidazolylmethyl)amine as a neutral
tripodal tetradentate ligand. The crystal structure shows two
crystallographically independent but chemically identical mol-
ecules. An ORTEP drawing of one of these molecules (complex
1) is shown in Figure 1. Complekis the same as one of the
two cocrystallized but chemically different compounds previ-
ously reported where one is a monochloro pentacoordinate

(16) Oki, A. R.; Bommarreddy, P. R.; Zhang, H.; Hosmanelngrg. Chim.
Acta1995,231, 109.

(14) Sheldrick, G. MActa Crystallogr.1990,A46, 467. (17) Takahashi, K.; Nishida, Y.; Kida, $org. Chim. Actal983 77, 1185.

(15) Sheldrick, G. M.SHELXL93 University of Géttingen: Géttingen, (18) Takahashi, K.; Nishida, Y.; Kida, 8ull. Chem. Soc. Jpr1984,57,
Germany, 1993. 2628.
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Table 2. Selected Bond Distances (&) and Angles (deg) for
[Mn"(ntb)CI]CI-2.5MeOH (1),
[Mn''(ntb)(OAC)]CI-0.5MeOH-3.25kD (2), and
[Mn"(ntb)(NGy)2]-4MeOH (3)

1 2

3
Mn(1)—N(6) 2.166(8) 2.154(10) 2.162(7) 2.157(9) 2.276(11)
Mn(1)—N(4) 2.149(9) 2.162(9) 2.181(6) 2.133(11) 2.201(11)
Mn(1)—N(2) 2.137(8) 2.169(10) 2.161(7) 2.169(8) 2.255(11)
Mn(1)—N(1) 2.519(8) 2.501(9) 2.535(7) 2.477(9) 2.543(9)
Mn(1)—CI(1) 2.363(3) 2.357(4)

Mn(1)—0(1) 2.293(7) 2.18(2) 2.321(90
Mn(1)—0(2) 2.236(8) 2.28(2) 2.317(10)
Mn(1)—0(3) 2.320(9)

N(6)—Mn(1)—N(4) 105.4(3) 112.3(3) 112.4(2) 114.8(4) 96.9(4)
N(6)—Mn(1)—N(2) 111.4(3) 107.0(4) 115.7(3) 115.0(3) 104.6(4)
N(4)—Mn(1)—N(2) 117.9(3) 117.0(4) 103.9(3) 105.0(4) 121.7(4) : ; : 3
N(B)-Mn()—N(1) 72.6(3) 73.6(3) 7182) 72.7(4) 69.7(4) Fég:£§+2. ORTEP drawing of the cation of comple [Mn'(ntb)
N(4)—Mn(1)-N(1) 73.1(3) 73.6(3) 72.2(2) 73.1(5) 71.2(4) )

N(2)—Mn(1)-N(1) 72.7(3) 72.9(3) 71.4(3) 72.6(3) 67.1(4)

N(6)—Mn(1)—CI(1) 105.5(3) 111.0(3) bidentate ligand. The crystal structure shows two crystallo-
N(4)—Mn(1)—CI(1) 109.4(3) 105.2(3) graphically independent but chemically identical molecules. An
N(2)—Mn(1)—Cl(1) 106.5(3) 103.9(3) ORTEP drawing of one of these molecules (comg@eis shown
Cl(1)=Mn(1)=N(1) 177.3(2) 175.1(3) in Figure 2. The tripodal ligand forms a trigonal pyramidal
ggg:mgg:mgg igi:gg igg:g%)) igig((i)) geometry with the manganese ion, and the remaining “opened”
0(3)-Mn(1)—N(1) 113.5(3) axial site of the complex is occupied by a chelating bidentate
N(6)—Mn(1)—0O(1) 91.4(3) 98.5(9) 88.3(3) acetate anion. The complex has a six-coordinate manganese-
N(4)—Mn(1)—0O(1) 140.6(3) 130.2(11) 143.4(4) (1) geometry. Elongation of the bond distance between the
H%:mgg:ggg %41(1321) 3;-3&2)) gi-g% manganese ion and the apical nitrogen atom is also observed
N(4)—Mn(1)-0(2) 86.7(3) 87.6(6) 90.3(4) (Mn(1)—N(1) bond distance 2.506 A). The average bond angle
N(2)—Mn(1)—0(2) 129.8(4) 132.5(7) 141.1(4) (Na—Mn—Np) of the axial nitrogen atom (N, the manganese
N(6)—Mn(1)—0(3) 176.4(4) ion, and the trigonal basal nitrogen atomgjNs 72.3°, and the
“(g)*mn(i)*g(g) ?g-g(g) manganese ion is 0.66 A above the trigonal basal plane. The
o((z))—M?nglg—o((l% 56.3(3) 49.7(9) 53.;()3) average bond distance between the manganese and nitrogen
0(3)-Mn(1)—0(1) 89.8(3) atoms of complex2 (2.247 A) is similar to that of the five-
0(2)—Mn(1)—0(3) 84.9(3) coordinate comples (2.245 A). In complex2, the additional

dispt 0.635(5) 0.619(6) 0.675(5) 0.637(8) 0.795(7) ligand is accommodated at the “opened” axial site without any

significant change in the trigonal pyramidal part of the com-
plex (average N(2)—Mn(1)—N(4y 117.5°for complex1 and
104.5°for complex2). However in thecis-dichloro complex

Mn' (tris(2-benzimidazolylmethyl)amine)gla sixth ligand, the
chloride anion, opens one site of the trigonal basal plane to form
a square basal plane and changes the geometry of the complex
from trigonal bipyramidal to distorted octahedralg™NVIin—

Ng = 143.1(3)°)}¢ In Mn"(N,N-bis(2-benzimidazolylmethyl)-
ethanolamine)(NC$) a sixth ligand, the isothiocyanide anion,
assumes the same rolegNMn—Ng = 142.81(2)°)}” Similar
features have also been observed in other cobalt and iron

a Displacement of the Mn(ll) ion from the N2N4—N6 plane.

formed by the apical nitrogen atom 4N the manganese ion,
and the trigonal basal nitrogen atom gNis 73.1°. The
manganese ion is 0.63 A above the trigonal basal plane. The
fifth ligand, the chloride anion, is coordinated at the trans
position of apical nitrogen, and the bond anglg-NMn—Cl is
176.2. The high-spin @manganese(ll) ion has no crystal field
stabilization energy, so it could have various geometries
depending on the coordinated ligands. However, the structure

of complex1 is one of only a few reported trigonal bipyramidal complexed82122 When a sixth ligand is coordinated to the

structures of the mangane.se(l.l) iSh. . . . metal complex of a tripodal tetradentate ligand, the geometry
When the weakly coordinating apical nitrogen atom is ig- of the three benzimidazole nitrogen atoms changes from trigonal
nored, compeA can be described as having a pseudotetrahedral y554] to square basal to accommodate the new ligand and the

geometry with three benzimidazolyl nitrogen atoms and a complex changes its geometry from trigonal bipyramidal to
chloride atom (Table 2). An isostructural pseudotetrahedral 5ctanedral.

zinc;(ll) complex with t.ris((\l-methyl-2-benzimidazolyl)methyl)- The Seven-Coordinate Manganese(ll) Complex. The
amine as a pseudotridentate ligand has been reptited. monodentate chloride was replaced by nitrite anions as shown
The Six-Coordinate Manganese(ll) Complex. [Mn' (ntb)- in Figure 3. M (ntb)(NOy),, 3, was synthesized using complex

(OAQ)ICI, 2, was synthesized using manganese(ll) chloride as 1 as starting material. When excess amounts of sodium nitrite
the metal source, tris(2-benzimidazolylmethyl)amine as a neutral were added to the methanol solution of complexcomplex3
tripodal tetradentate ligand, and the acetate anion as a chelatingvas obtained. Magnetic susceptibility measurements suggest
that complex3 also has a manganese(ll) ion.

(19) Hartmann, U.; Gregorzik, R.; Vahrenkamp,E&hem. Ber1994 127, The tripodal ligand forms trigonal pyramidal geometry with
20 26123. R Vahrenk eh 994 12 the manganese ion in compl&x and the remaining “opened”
(20) orgore R Hartmann, U.; Vahrenkamp,Ghem. Ber1994 127, axial site of the complex is occupied by both chelating bidentate
(21) Buchanan, R. M.; O'Brien, R. J.; Richardson, J. F.; Latour, Jabtg. and monodentate nitrite anions. The complex has a seven-

Chim. Acta1993,214, 33. coordinate manganese(ll) geometry. Elongation of the bond
(22) w:;]gﬁ%éléugb?é' Wang, X.; Wang, L.; Yu, B Chem. Soc., Dalton  gistance between the manganese ion and the apical nitrogen
(23) Phillips, F. L.; Shreeve, F. M.; Skapski, A. &cta Crystallogr1976, atom is also observed (Mn(¥N(1) bond distance 2.543(9) A).

B32, 687. The average bond angle {NMn—Ng) of the axial nitrogen
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model of complex3 shows that up to three donor atoms can be
accommodated in the “opened” site without significant distur-
bance of the trigonal pyramidal part of the structure.

The manganese(ll) complexes of the tripodal ligand tris(2-
benzimidazolylmethyl)amine have various geometries depending
on the additional coordinated ligands. In the presence of
chloride anions, the complexes have either trigonal bipyramidal
geometry or distorted octahedral geometry. Even both geom-
etries were observed in a single crysfalln the presence of
bidentate acetate or nitrite anions, the complexes have a trigonal
pyramidal partial geometry with additional ligands coordinated
at the trans “opened” site. Iron(lll) complexes, however, prefer
Figure 3. ORTEP drawing of comple8, Mn'!(ntb)(NG,).. distorted octahedral geome®y22 The dinuclear iron(lll)

] ] . complex [Fd!y(ntbOCL]2" has distorted octahedral iron
atom (N), the manganese ion, and the trigonal basal nitrogen centers. Complexes of the tripodal ligand tris(2-benzimida-
atom (Ns) is 69.3°, and the manganese ion is 0.795(7) A above ,qjyimethyl)amine have various geometries depending on the

the trigonal basal plane. The average bond distance betweenneta| used and the additional ligands coordinated.
the manganese and nitrogen atoms of comgl¢R.319 A) is
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