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Manganese can adopt a wide variety of oxidation statesollected on a Varian Gemini -200 spectrometer. Chemical
and this ability is certainly related to the redox function of shifts are in ppm relative to internal Mg Melting point
the metal ion in biological systeri§. The metal oxidation was carried out with a Laboratory Devices Inc. Mel-Temp II.
state is generally believed to lie in the range 2+ to 4+. It is [2-(Salicylideneamino)-4t-butylphenolato](salicylalde-
now firmly established that at least three enzymes use maimydato)(methanolyl)manganese(lil), [Mn(sabp)(sal)
ganese in redox roles at their catalytic center to facilitate th@MeOH)] 1. Two mmol (0.24 g) of salicylaldehyde was
metabolism of the € unit”® All three enzymes probably added to a distilled methanol solution (20 ml) of 2 mmol
contain Mn(lll) in at least one of their catalytic forms. (0.34 g) of 2-amino-4-butylphenol and refluxed for 1.5 h,
Therefore, an important area of investigation of the bioinor+esulting in a brownish yellow solution. After the solution
ganic chemistry of manganese is the study of the structuras cooled to room temperature, 1 mmol of MiGOH;)
and reactivity of Mn(lll) complexes composed of biologi- - 4H0 (0.25 g) was added with stirring. This reaction mix-
cally relevant heteroatom donor ligands. ture was refluxed for 4 h under argon atmosphere, after
An attractive system for modeling the structure and reacwhich the solution was allowed to cool to room temperature
tivity of these manganoenzymes is dinuclear Mn(lll) com-and was exposed to dioxygen by bubbling air into the reac-
plexes containing polydentate Schiff base ligands. Bothion mixture for 12 h. During the period, the mixture was
photochemical water oxidation to generate dioxygemd  changed to dark brown solution. After it was filtered, the
acid-promoted hydrogen peroxide productfohave been resulting solution was concentrated to approximately half
reported for such dimers. To understand more fully thevolume. This clear solution was then layered with two times
chemistry involved in these reactions, we have taken up 2rolume of petroleum ether, producing X-ray-quality crystals
(salicylidenamino)-4-butylphenol as a polydentate ligand. of 1. Yield: 0.342 g (72%). mp 18ZC. Anal. Calcd. for
In this note, we report the synthesis and characterization d€sH2eNOsMn: C, 63.16; H, 5.51; N, 2.95. Found: C, 63.52;
a new Mn(lll) complex, [2-(salicylidenamino)idsutylphe-  H, 5.38; N, 3.02.
nolato](salicylaldehydato)(methanolyl)manganese(lll), as Crystal Structure Determination of 1. A dark brown
well as its crystal structure determined by X-ray crystallog-crystal of 1, approximately 0.3% 0.12x 0.08 mm, was
raphy. crystallized from MeOH/petroleum ether®®) and mounted
in glass capillary. Measurement was made on a Enraf-Non-
Experimental Section ius CAD4 TURBO diffractometer using MogKradiation
(A=0.71069 A) monochromatized from a graphite crystal
Materials. Solvents and reagents were obtained fromwhose diffraction vector was parallel to the diffraction vec-
commercial sources and used as received. MgQChL), tor of the sample and anode generator. Preliminary experi-
- 4H,0 was purchased from Junsei Chemical Co. Salicylalments for the cell parameters and orientation matrix for
dehyde and 2-amino#butylphenol were obtained from crystal was carried out by least-squares refinement, using the
Aldrich Chemical Co. All other chemicals and solvents weresetting angles of 25 carefully centered reflections in the
reagent grade and used without further purification unlessange 20< 26 < 35.. Diffraction intensity was collected at a
otherwise noted. Abbreviations used:sibp = 2-(salicyl- constant temperature of 20 using thew-26 scan tech-
ideneamino)-4-butylphenol; Hsal = salicylaldehyde; MeOH nique with variable scan speeds. Omega scans of several
= methanol. intense reflections were made prior to the data collection to
Measurements Carbon, Hydrogen, and Nitrogen analy- optimize the proper scan width for crystal.
ses were carried out using a Carlo Erba Model EA-1106 The intensities of three representative reflections which
CHNS/O Analyzer. IR spectrum was recorded as KBr disksvere measured after every 150 reflections remained constant
using a Mattson Polaris FT-IR spectrophotometer in theéhroughout data collection indicating crystal and electronic
4,000-500 crit region and UV-Vis spectrum was obtained stability for crystals. Of the reflections collected, those with
in DMSO using a Milton Roy Spectronic Genesys 2 spectrod > 3g (1) were used for structure determination. The struc-
photometer'H NMR spectrum of DMSQ@}s solutions was  ture was solved by direct method (MULTAN)and sub-
sequent Fourier difference technique, and refined anisotropi-
*To whom correspondence should be addressed. Phone: +82-5@ally, by full-matrix least-squares, & (program MolEN):2
850-3782, E-mail: bkkoo@cuth.cataegu.ac.kr An absorption correction - scan) was applied to all data.
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Hydrogen atoms were located, but not refined, and placed ahble 2. Crystallographic Data and Intensity Collection for
fixed of 0.95 A from bonded carbon atoms in the final least-Complexl

squares refinement. Empirical formula GsH26NOsMn
Fw 475.42
Results and Discussion Crystal system triclinic
Space group P1 (#2)
Synthesis and Spectral Properties In recent report, we >z 2
described the synthesis and characterization of théUMIn ¢ parameters
complexes with tridentate monoprotic NNS ligahti$he aAd) 8.338(2)
preparation of these complexes require a simple ligand b(A) 11.357(2)
exchange reaction from starting material MsGGOH:), o(A) 12.423(3)
- 4H0. But, the synthesis of [Mn(sabp)(sal)(MeOH)] is not 4 (°) 78.07(2)
as straightforward as shown in Eqg. 1. Two equivalents of the ) 85.64(2)
ligand Hsabp are required for the reaction while only 1 v(°) 81.71(2)
V(AR3) 1137.5(4)
HsC
I Q@ Dcadg/cnt) 1.075
OHHO Mooy ‘\\;, p(cm 1YVIth Mo-Ka) 5.7
Mn(CH,COO), 4H,0+2 = - @\O/Nin‘o 1) Transmission factér 86.4329 - 99.9244
H S o. Scan type w-20
¢ Scan width¢y)(deg) 1.05 + 0.66taf
o : 26max (dEQ) 52.64
HZN_@ 2 CH.COH No. of reflections measured 4836
< No. of reflections observed ( | >08)) 1762
F(000) 496
equivalent of sabp is present in the product. Clearly, hydrolyg. of variable 367
ysis of the second ligand must be occurring as shown.in E®iscrepancy indices
1. The 2-amino-4-butylphenol thus generated is probably ge 0.045
necessary to neutralize the acid formed upon deprotonation g, ¢ 0.046
of the phenolate moieties. The complex is air stable in theygodness of fit indicatbr 117
solid state and have a great solubility in common organi§aximum shift in final cycles less than 0.01
solvents. Elemental analyses and spectral data suggest that

L . d/gusemi-empirical absorption correction was appliets = | Fo- | Fe |/
the formulation is monomeric [Mn(sabp)(sal)(MeOH)]. *Fo. Ry = [(EW(Fo | Fe | JTZW(FA]Y2 where w = p(F?)] ™ JEstimated

The characteristic spectral data are displayed in Table Eandarqlzdeviation of an observation of unit weightw[Eo- | Fe | )%
The infrared spectrum indicates the mode of the ligand coor&gfr’i'g‘gl)is » where N=Number of observations and, NNumber of
dination. The peak near the 3430 ¢mmay be attributed to '
the stretching frequency of coordinated methanol OH. The
intense band ata. 1620 cm' associated with the azome- tion. However, the resonances teft-butyl and methanol
thine of free ligand is shifted to a lower frequency. (600  protones are observed and distinctly assigned from their
cmb) in the corresponding complex. This fact suggests thaposition (Table 1) and relative integral raticCK{s)sC-
the Schiff base is coordinated as an anionic ligand through CH3OH : CHsOH =13.02: 4.37 : 1.57).
phenolic oxygen and nitrogen atoMid he significant C=0 A number of absorbtion bands are observed in the UV-Vis
stretching mode of salicylaldehyde is also observable at neaegion 250-1000 nm. These all intense bandsego$06-
1633 cm. In 'H NMR spectrum, the aromatic and azome- 4.86 dnimol‘cm ™) are probably due to charge transfer and
thine proton peaks are absent, suggesting that the complexirgraligand transitions, and d-d band is not found in the
paramagnetic presumably due to a high-sfliconfigura-  region.

X-ray Structural Description of 1. A summary of data

Table 1 IR,*H NMR, and UV/Vis Spectral Data for Compléx collectio_n and _c_rystallographic parame_ters are givenin Ta_ble
2. Atomic positional parameters are given in Table 3, while

IR® "HNMR® UViVis.* selected bond distances and angles are given in Table 4. The
Complex - 5 ppm Ama/nm (loge/dn?® molecular structure and atom-numbering schemel fo
’ mol™* cm™) shown in Figure 1. The complex is neutral owing to deproto-
3434 for) 1.37 (br, 9H,CH3)sC-)  498sh (4.06) nation of the oxygen atom of the tridentate ligand upon com-
1 1633 c=0) 3.17 (d, 3HCH;OH) 462 (4.23) plexation, presumably due to the greater acidity of the
1603 ¢c-n) 4.10 (br, 1H, CHOH) 385sh (4.36) phenolate protons compared to that of the methanol. The
318(4.52) manganese(lll) in the structure has an equatorial plane com-
258 (4.86) posed of the two phenolate oxygen atoms and one imine

3yith KBr pellet.®in DMSO-d®. &in DMSO. nitrogen atom of the Schiff base ligand in addition to the one
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Table 3. Fractional Positional Parameters and Displacement ParaFable 4. Selected Bond Distances (A) and Angles (deg) for

meters for Non-Hydrogen Atoms of Compliex Complexl
Atom X y z Rq/A% (a) Distances
Mn(l) 0.9768(1)  0.22796(7) 0.40847(7)  3.39(2) Mn(1)-0(1) 2.212(4) C(HOE) 1.327(6)
O(1) 0.7943(5)  0.1047(3) 0.4738(4)  5.1(1) Mn(1)-0(2) 1.873(4) C(130() 1.338(7)
O(2) 0.8317(5) 0.3270(3) 0.3003(3)  4.7(1) Mn(1)-0(3) 1.885(4) C(&N(1) 1.419(6)
O(3) 1.0613(4)  0.1274(3) 0.3088(3)  4.04(9) Mn(1)-O(4) 2.239(4) C(ZA0Q) 1.365(8)
O(4)  1.1740(5)  0.3424(3) 0.3447(3)  4.6(1) Mn(1)-0(5) 1.900(3) C(18)0(4) 1.199(7)
O() 1.1151(5) 0.1366(3) 0.5194(3)  3.68(9) Mn(1)-N(1) 1.990(4) C(19C(18) 1.433(8)
N(1)  0.9063(5)  0.3279(3) 0.52193)  2.9(1) C(7)-N(1) 1.302(6) C(24H0(3) 1.290(7)
C(1)  0.7426(7)  0.4326(4)  0.3143(4)  3.4(1) (b) Angles
C(2)  0.6516(8) 0.4908(5)  0.2250(5) 4.3(2) O(1-Mn(1)-0(2) 91.7(2) Mn(1)O(L-C(27)  129.2(3)
C(@3)  0.5579(8) 0.5985(6)  0.2263(5) 5.6(2) O(1-Mn(1)-O(3) 90.2(2) Mn(13O(2)-C(1) 130.5(4)
C(4)  05515(9)  0.6526(5) 0.3142(6) 58(2) O@1)FMn(1)-O@) 176.3(1) Mn(1)-O(3-C(24)  131.1(4)
C(5)  0.6360(8) 0.5983(5)  0.4037(5) 5.1(2) O(1)-Mn(1)-O(5) 88.0(2) Mn(1yO(4-C(18)  119.6(4)
C(6)  0.7326(7) 0.4866(4)  0.4069(4) 33(1)  O(1)-Mn(1)-N(1) 91.3(2) Mn(1y¥O(5)-C(13)  113.5(3)
C(r)  0.8139(7) 0.4320(4)  0.5053(4) 34(1)  O(2-Mn(1)-0O() 94.0(2) Mn(1IN(L)-C(7) 125.4(4)
C(8)  0.9758(6) 0.2734(4)  0.6240(4) 27(1)  O(2-Mn(1)-0O(4) 91.5(2) Mn(1IN(1)-C(8) 111.1(3)
C(9)  0.9399(7) 0.3127(4)  0.7225(4) 3.6(1) O@2rMn(1)-0O(5)  174.4(2) O(2)-C(1)-C(6) 123.0(5)
C(10)  1.0118(7) 0.2512(5)  0.8186(4) 3.5(1) O@2rMn(1)-N(1)  91.2(2) O(5yC(13)-C(8) 119.2(4)
C(11)  1.1247(7)  0.1480(5)  0.8093(5)  4.2(2) O(BFMn(1)-0O(4)  87.7(2) C(HC(6)-C(1) 123.3(4)
C(12)  1.1605(7) 0.1102(5)  0.7115(5) 4.3(2) ORBFMN(1)-0O(5)  91.6(2) N(1HC(8)-C(13) 112.3(5)
C(13)  1.0862(7)  0.1710(4)  0.6166(4) 3.2(1) OBFMN(1)-N(1)  174.5(2) C(6)-C(7)-N(1) 125.6(5)
C(14)  0.9721(7)  0.2862(5)  0.9304(4) 3.8(1) O(4)r-Mn(1)-O(5)  89.1(1) O(3)C(24)-C(19) 124.8(5)
C(15)  0.871(1)  0.1987(7)  1.0006(6) 7.9(2) O(@4)r-Mn(1)-N(1)  90.6(2) O(4yC(18)-C(19) 131.2(6)
C(16)  1.1224(8)  0.2891(6)  0.9887(5) 5.6(2) OBGFMn(1)-N(1)  83.2(2) C(18YC(19)-C(24)  122.0(5)
C(17) 0.877(1)  0.4140(6) 0.9195(5)  7.2(2)
C(18) 1.2881(7)  0.3028(5) 0.2921(5)  4.5(2)
C9)  1.3176(7) 0.1945(5) 0.2475(4) 3.5(1) (174.4(2)—176:3(f) andtrans O-Mn-N (174.5(2)) axes are
C(20) 1.4655(7) 0.1723(5) 0.1884(5) 4.902) Ie_ss than 180in the complex. 'I_'he Mn-O.and Mn-N bond
c21) 1.5008(8) 0.0716(6) 0.1426(6) 5.8(2) dlstancgs (Table 4) for equatorially coordmgted heteroatoms

- are typical for Mn(lll) complexe¥. Elongation along the

C(22) 1.3916(8) -0.0088(5) 0.1575(5)  5.2(2)
C(23) 1.2462(7)  0.0078(5)  0.2139(5)  4.2(2) cas)
C(24) 1.2033(7)  0.1123(4)  0.2607(4)  3.3(1) @
C(27) 0.6298(9)  0.1312(6) 0.4868(7)  7.2(2) S

#Anisotropically refined atoms are given in the form of the isotropic
equivalent displacement parameter defined asaZB@[,1)+’B(2,2)+
¢?B(3,3)+ab(cos)B(1,2)+ac(cosB)B(1,3)+o(com) (2,3)].

phenolate oxygen (O(3)) of the salicylaldehyde. The axia
positions of the manganese(lll) coordination sphere art
filled by another oxygen (O(4)) of the salicylaldehyde and &
methanol (O(1)) molecule. The molecule contains the five-
and six-membered N, O chelate rings from Schiff base, an
only six-membered O, O chelate ring from salicylaldehyde,
respectively, formed on complexation. These rings constitut
a very mediocre plane. The five- and six-membered rings a
well as a phenyl antért-butylphenol planes in sabp ligand
are very excellent individual planes (mean deviations, ~0 A)
but there is 65fold at their intersection. The interplanar
angle of the phenyl and MNOCCCO fragments in salicylal-
dehyde is also 4°3Above results account for the good over-
all planarity of coordinated ligands. The crystal structure
exhibits distortions from idealized octahedral geometry a;
the metal, due to the rigidity of the Schiff base ligand and tc
the bite angle of the chelate rings: ttrans O-Mn-O

Figure 1. Molecular structure and numbering scheme for con
[Mn(SABP)(SAL)(MeOH)]. Thermal ellipsoids have been dr.
at the 50% probability level. Hydrogen atoms are omitte
clarity.
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0O(1)-Mn(1)-O(4) axisvs. the average Mn-O (equatorial)
length is very pronounced, which reflects the Jahn-Teller 5.
distortion of this high-spin‘don. Especially, the longer dis-
tance of Mn(1)-O(1) is indicative of definite coordination as 6.
a neutral form of methanol molecule, suggesting that the -

oxidation number of manganese ion is +3. For example, a

comparison of the axial (Mn(1)-O(1) =2.212 A, Mn(1)-
O(4) = 2.239 A) and equatorial bonds (Mn(1)-O(2) = 1.873

A, Mn(1)-0(3) =1.885 A, Mn(1)-O(5) = 1.900 A) demon-
strates a lengthening of the axial metal-oxygen distances byg.

>0.3A
Supplementary material available Complete listings of

9.

atomic coordinates, isotropic and anisotropic thermal param-

eters, bond lengths and angles (34 pages) and calculated aﬁj

observed structure factors (19 pages) for comple&rder-

ing information is given upon your reguest to the correspon-

dence author.
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