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Irradiation of a THF solution containing M(CO),o and 3,6-ditert-butyl-1,2-benzoquinone (3,6-DBBQ) gave

dark green crystals of Mn(thf)3,6-DBQ). Structural characterization has shown that the inner coordination
geometry about the metal has the axially elongated trans structure that appears characteristical4n{ti)d
transMn'! (thf),(3,6-DBSQ)(3,6-DBCat) has a solid-state electronic spectrum that resembles spectra of related
Mn(lll) complexes containing nitrogen-donor ligands. Crystallographically imposetnsymmetry averages
structural differences between the SQ (semiquinonate) and Cat (catecholate) ligands. When the related reaction
between Mp(CO), and 3,6-DBBQ was carried out in the presence of-Bjthiophene, Mn(3,6-DBQ)was
obtained. Crystallographic characterization has shown that the molecule is octahedral with relatively stort Mn
bond lengths (1.863(5)1.927(5) A), and without the structural distortion that might be indicative of Mn(llI).

This result, with the spectral and magnetic properties of the complex, points to tMEMRDBSQ)(3,6-DBCat)

charge distribution at room temperature in the solid state. An intense transition at 2300 nm has been assigned as
an intervalence transfer (IT) band between SQ and Cat ligands of the Mn(IV) redox isomer. This band decreases
in intensity with increasing temperature. Similar behavior has been observed f6iiNvI4)(DBCat), species as

an indication of valence tautomerism. In this case the equilibrium is betweé&{3/B:DBSQ)(3,6-DBCat) and
Mn"'(3,6-DBSQ) redox isomers.

Introduction changes have been reported for planf&rntetal complexes

Valence tautomerism has been observed to occur for a seriesONtaining guinone ligands, but the effect seems related to

of transition metal complexes containing semiquinonate (SQ) :2tggﬁ?ﬁg&ﬁf;{?&i;?&;ﬂzt:iit)?q(;cggm Slgl)?:sgfa:g th:: ﬁg\p/)gar
and catecholate (Cat) ligands chelated to Co andfin. : P pp

Il |
Equilibria between C6 and Cd redox isomers (eq 1) have been observed to form as,Cu’(Cat) and LCU(SQ) redox
isomers, but no system has been shown to interconvert between

11N 1N redox isomers under equilibrium conditiohsThis is due, in
CoT(N-N)(SQ)(Cat= Co (N-N)(SQ), (1) part, to different structural preferences of the metal ions and
the large barrier to intramolecular electron transfer for planar

been observed by monitoring temperature-dependent change : .
y g P P g Cu(ll) and tetrahedral Cu(l). Even quinone complexes of iron

in the electronic spectrum and magnetism that occur with the .
shift from low-spin C#' to high-spin C8.1 Three redox isomers that are related to the Mn and Co complexes described above

are possible for the complexes of Mn, and equilibria occur in fail to undergq similar shifts in charge distributién.
two steps (eqs 2 and 3§ Tautomeric equilibria have been The synthetic procedure used to form members of the M(N-
N)(DBQ)2, M = Co, Mn series, where DBQ is used to refer to

Mn'V(N-N)(Cat)z = Mn" (N-N)(SQ)(Cat) ) a di-tert-bptquuinone ligand of unspecified charge, has i.nvolved
the reaction between a neutral metal carbonyl and either 3,5-

1T 1 or 3,6-DBBQ, with subsequent addition of the nitrogen ancillary
Mn™(N-N)(SQ)(Caty= M (N-N)(SQ), @) ligand. In the absence of the nitrogen donor, reactions carried
out with either Ce(CO) or Mny(CO),o and 3,5-DBBQ gave
the [M"(3,5-DBSQ)]4, M = Co, Mn tetramer8.° Structural
characterization showed that adjacent metal ions were bridged

observed for a relatively narrow collection of complexes
prepared with SQ and Cat ligands derived from 3,5- and 3,6-
di-tert-butyl-1,2-benzoquinone, and with nitrogen-donor ancil-
lary ligands (N-N) occupying the remaining cis or trans
octahedral coordination sitésTemperature-dependent spectral
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by the oxygen atoms at the 1 ring position of the 3,5-DBSQ Table 1. Crystallographic Data for
ligands. With 3,6-DBBQ, bridging interactions are blocked by transMn(thf),(3,6-DBSQ)(3,6-DBCat) and
tert-butyl substituents adjacent to both oxygen atoms, and Mn(3,6-DBSQ)(3,6-DBCat)

mononuclear products are usually obtained. As an example, trans-Mn(thf)- Mn(3,6-DBSQ)-
the reaction between GO and 3,6-DBBQ gave C¥(3,6- (3,6-DBSQ)(3,6-DBCat) (3,6-DBCat)
DBSQX.!! In the present report we describe the results of a  formula GeHseOsMN Ca2HeoOeMN
similar reaction carried out with M(CO)o and 3,6-DBBQ. fw 639.7 715.8
. . space group P4,/mnm R
Experimental Section a(h) 10.190(2) 10.300(1)
Materials. 3,6-Di-tert-butyl-1,2-benzoquinone (3,6-DBBQ) was b (A) 10.190(2) 10.951(1)
prepared following a literature proceddfeDimanganese decacarbonyl ¢ (A) 18.270(5) 19.298(3)
was purchased from Strem Chemical Co. o (deg) 90 88.97(1)
trans-Mn(thf) (3,6-DBSQ)(3,6-DBCat). Mn(CO)o (0.17 g, 0.43 P (deg) 90 79.60(1)
mmol) and 3,6-DBBQ (0.33 g, 1.5 mmol) dissolved in 50 mL of a 1:2 3/’0(|d(?&%)) 19597 1(7) gi2217(51(21)
THF/hexane solution were combined at room temperature ungler N 7 > ' 2 '
The mixture was irradiated with a sun lamp 3 h. Slow evaporation of 1 (Mo Ka, A) 0.710 73 0.710 73
the solvent produced green crystalgrains-Mn(thf)»(3,6-DBSQ)(3,6- Deaica (g €NT3) 1.120 1.121
DBCat) in 42% yield. Itwas noted that, when the crystals were ground  ,, (mm?) 0.370 0.337
to powder, the actual color of the complex was orange-brown. Anal. R R, 0.052, 0.061 0.066, 0.069

Calcd for GHscOsMn: C, 67.5; H, 8.8. Found: C,68.3;H,9.2.1IR _ . 1

(KBr): 2955 (vs), 2909 (sh), 2870 (sh), 1551 (s), 1481 (w), 1462 (sh), R = 2lIFel = [Fell/XIFol. Ry = [3W(IFo| — IFc)¥2WFoT"

1416 (m), 1381 (m), 1281 (s), 1161 (s), 1034 (vs), 976 (vs), 973 (m) . . N

cm L were carried out with compounds formed by the addition of
Mn(3,6-DBQ)s. Mny(CO)y (0.25 g, 0.65 mmol) and 3,6-DBBQ  benzoquinones to M{CO),.1% Reactions proceed by the initial

(0.76 g, 3.5 mmol) were dissolved in 40 mL of THF at room formation of a 6-coordinate product, YB8Q)(CO}, with SQ

temperature underN 2,2-Bithiophene (0.18 g, 1.12 mmol) was added  coordination through a single oxygen. Displacement of an

to the mixture, and the solution was irradiated with a sun lamp for 7 544itional CO ligand gives M(SQ)(CO) with a chelated SQ

h. Mn(3,6-DBQ} was obtained from the reaction mixture as a crude as verified structurally for Re(3,5-DBSQ)(PCO).14 The

purple powder. Recrystallization from hexane gave dark purple crystals addition of 3,5-DBBQ to ME(CO,)l aopears to rocéed in this

in 56% yield. (See below for a description of the spectral properties.) "~ A 0 pp P .

Anal. Calcd for GHeOgMn: C, 70.4; H, 8.4. Found: C, 70.2; H, ~ Way, and reactions carried out with an excess of benzoquinone

8.7. have been found to ultimately give a product with empirical
Physical Measurements. Electronic spectra were recorded on a formulation Mr'(3,5-DBSQ}) by complete displacement of the

Perkin-Elmer Lambda 9 spectrophotometer. Magnetic measurementsCO ligandst® Structural characterization on this product

were made using a Quantum Design SQUID magnetometer at a field indicated that it forms as a tetramer, [M8,5-DBSQ)]4, with

of 5 kG. Diamagnetic corrections were made using Pascal’s constants.pyrigging SQ oxygens linking adjacent metal ions. The oxygen

Infrared spectra were recorded on a Perkin-Elmer 1600 FTIR with atom bonded at the 1-position of the semiquinone ring of 3,5-

samples prepared as KBr pellets. EPR spectra were measured using ) . .
Bruker ESP 300e spectrometer at X-band frequency using DPPH asbBSQ and 3,5-DBCat is commonly found to bridge metal

the g-value standard. ions15and the nonselective formation of dimers and higher order
Crystallographic Characterization of trans-Mn(thf) 2(3,6-DBSQ)- oligomers complicates the isolation and characterization of
(3,6-DBCat). A dark green crystal of the complex was mounted and complexes prepared with this ligand. Similar reactions carried
aligned on a Siemens P3F automated diffractometer. The centeredout with 3,6-DBBQ proceed to give more simple, chelated
settings of 25 reflections in the@range 19-32° were used to obtain products due to the blocking effect of thert-butyl groups
the unit cell dimensions listed in Table 1. Crystals were found to form adjacent to both ring oxygen atoms. Reactions carried out with
in the tetragona_l crystal system, space grédpmnm with Z = 2. A . CoyCO)and 3,5-DBSQ give [CH3,5-DBSQ)]4,? as with Mn,
difference Fourier calculated with the Mn atom located at the origin "\ b3 6-DBBQ, C#/(3,6-DBSQ) is obtained, illustrating
of the unt cell, a site ommmsymmetry, revealed the positions of this differénce in ch,emistriil1 Related observatio,ns have been
other independent non-hydrogen atoms of the complex. de for reactions of Fe and Mil7 The reaction between Mn
Crystallographic Characterization of Mn(3,6-DBQ)s. A dark ma :
purp% cryst%l veas mounted and aligned on (a Siemgﬁ)s P3F automatedCO)oand 3,6-DBBQ has been investigated as a potential route
diffractometer. The centered settings of 25 reflections in te@nge to “Mn(3,6-DBQ)". This product may form with three possible
19-34° were used to obtain the unit cell dimensions listed in Table 1. charge distributions. Following the product obtained with Ni,
Crystals were found to form in the triclinic crystal system, space group Mn'(3,6-DBBQ)(3,6-DBSQ) may be a potential redox iso-
P1, with Z = 2. A sharpened Patterson map was used to determine mer17 \jith Co the product contained Co(lll), and M(3,6-
th_e chatlons of the Mn and most of t_he atoms of thg complex mo!e_cule. DBSQ) may be obtained Finally, the strongr donation of
M|ss.|ng atoms were located on a dllﬁerence Eourler.map. Add|t|or)al catecholate ligands stabilizes Mn(IV), and Wi3,6-DBSQ)-
details fqr both structure determinations are given with the Supporting (3,6-DBCat) is a potential charge dis’tribution f’or the product
information. ) ) of this reaction. Characteristic structural differences may be
Results and Discussion used to distinguish between thé, ¢, and & metal ion
Synthetic Routes to the Mn-Quinone Complexes. Early configurations, and redox isomers containing quinone ligands
studies on the coordination chemistry of semiquinone radicals of mixed charge may exhibit low-energy LT transitions?
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J. Am. Chem. S0d.984 106, 2041. G.; Abakumov, G. A.; Cherkasov, V. Koord. Khim.1987, 13, 702.
(11) Lange, C. W.; Conklin, B. J.; Pierpont, C. [@Borg. Chem 1994 33, (15) Pierpont, C. G.; Lange, C. WProg. Inorg. Chem1994 41, 331.
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Figure 2. Electronic spectrum ofransMn"!(thf),(3,6-DBSQ)(3,6-
DBCat) recorded in the solid state (KBr) at room temperature.

averages the dissimilar ligands giving lengths for theGCand

Figure 1. View of the Mn'"(thf)»(3,6-DBSQ)(3,6-DBCat) molecule. ' ) g
g (thf)a( X ) ring C—C bonds that are intermediate between SQ and Cat

Table 2. Selected Bond Lengths and Angles for values. This has been observed fians-Mn'" (4,4-bpy}(3,6-
trans-Mn(thf)(3,6-DBSQ)(3,6-DBCat) DBSQ)(3,6-DBCaf) adfor the fransMn" (u-pyz)(3,6-DBSQ)-
Bond Lengths (&) (3,6-DBCat)} polymeri® and it is the case fdrans-Mn'" (thf),-
Mn—01 1.893(1) Mr-02 2.353(1) (3,6-DBSQ)(3,6-DBCat).
01-C1 1.333(6) CrC2 1.405(8) Electronic spectra recorded trans-Mn'! (thf)»(3,6-DBSQ)-
gé:gé ﬁﬁég%) c2Cs 1.361(8) (3,6-DBCat) in the solid state are similar to spectra obtained
' ontransMn'"(4,4-bpy)(3,6-DBSQ)(3,6-DBCat), reinforcing the
Bond Angles (deg) similarity in charge distribution for the two compourfisThe
O1-Mn-OI 85.3(4) Mn-01-C1 111.7(5) spectrum, shown in Figure 2, consists of two intense transitions
01-C1-C2 123.1(8) 0+C1-CY 115.6(4)

at 880 and 2100 nm and a broad band of lower intensity at
An initial reaction was carried out between M@O), and 1350 nm. Related bands appear at 880, 1400, and 2170 nm
3,6-DBBQ using THF as a solvent that would dissolve both for trans-Mn'" (4,4-bpy}(3,6-DBSQ)(3,6-DBCat). The 880 nm
components. Irradiation of the mixture gave as the product Mn- transition appears for both the Mn(lll) and Mn(IV) redox
(thf)2(3,6-DBQ). A similar reaction was carried out that isomers and has been assigned as a-€atin CT transition.
included 2,2-bithiophene in an attempt to investigate-Mn  Complexes that contain weakly coupled SQ and Cat ligands
quinone complexes that contain sulfur-donor ancillary ligands. exhibit LL'CT transitions at low energy, and bands appear
The product obtained in this case was found to be Mn(3,6- characteristically in the 2100 nm region for the W{N-N)-
DBQ)s. We report herein the structural, magnetic, and spec- (DBSQ)(DBCat) seried? It was of interest to see if changes
troscopic properties on both complexes. in the spectrum with temperature might indicate a shift in charge
trans-Mn(thf) »(3,6-DBQ). Bond lengths within the coor-  distribution to either a Mn(1V) or Mn(ll) redox isomer. No
dination sphere of octahedral Mn may provide information on spectral change was observed for the solid sample over the
metal d configuration and charge. Mn(lV) i8 dnd generally temperature range 25@50 K. Magnetic measurements re-
has short lengths to all ligand positions of the octahedron. High- corded over the temperature range 338 K indicated a
spin & Mn(ll) typically has a symmetrical coordination sphere, decrease in magnetic moment, from 3/85to 3.58uz, that is
but with Mn—L lengths that are 0.2 A longer than lengths to nearly linear. There are a number of factors that may contribute
equivalent donor atoms of Mn(lV). High-spin* avin(lll) to the change in magnetism, among them-MQ and SG
generally shows the effect of a Jatifieller distortion. Axially SQ magnetic coupling, and a potential shift in charge distribution
coordinated trans isomers exhibit lengthening of axial bonds at low temperature. Similar behavior has been observed for
with values that approach Mn(ll) lengths, and values at Mn complexes with all three charge distributici®s.However,
equatorial sites that are close to the lengths of Mn(IV). the structural and spectral properties are uniquely consistent with
Crystallographic characterization of the product of the2Mn  a charge distribution containing Mn(llsans-Mn'! (thf)(3,6-
(COX0/3,6-DBBQ reaction carried out in a hexane/THF mixture DBSQ)(3,6-DBCat), and the complex shows no evidence for a
revealed that the molecule contained trans thf ligands coordi- shift in charge distribution in the solid state at temperatures near
nated to Mn(3,6-DBQ) A view of the molecule is shown in  room temperature.
Figure 1. Mirror symmetry imposed on the molecule by its Mn(3,6-DBQ)s. The formation of Mn(3,6-DBQ)from a
location in the unit cell averages the structural features of the reaction that was similar to the procedure used to foans
two quinone ligands, but the long MO lengths to the axial Mn'" (thf)»(3,6-DBSQ)(3,6-DBCat) was surprising. The addition
thf oxygen atoms (2.353(1) A) and the short lengths to the of bithiophene must change the mechanism of complex forma-
guinone oxygens (1.893(1) A) are a clear indication of axially tion, for the thf complex shows no tendency to add an additional
elongated Mn(lll2* Bond lengths and angles of the molecule quinone ligand upon reaction with 3,6-DBBQ. Structural
are listed in Table 2. As a complex of Mn(lll) the combined characterization was carried out to potentially identify the charge
charge for the quinone ligands requires that one be SQ and theon the metal ion. A view of the complex molecule is shown in
other Cat. Characterization of complexes that contain mixed- Figure 3; Table 3 contains selected bond lengths and angles.
charge SQ and Cat ligands has, in some cases, providedThe molecule has approximabg symmetry with a twist angle
resolution of structural features that are indicative of localized
charget In many cases, though, crystallographic symmetry (18) Attia, A. S.; Pierpont, C. Ginorg. Chem 1997, 36, 6184.
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Table 4. Mn—0O Bond Lengths for Complexes of Mn(lll) and
Mn(lV) That Contain the Mn@ Core

complex Mn-O ref
Mn'V(3,6-DBSQ)(3,6-DBCat) 1.863(5)1.927(5)
[Mn"(3,5-DBCat)]2- 1.874(6)-1.891(6) 24
Mn'"!(trop)s 1.93(1)-2.14(1) 19
Mn'" (acac) 1.933(3)-2.112(4) 21
Mn"!(hfac) 1.906(2)-2.147(3) 20

complexes containing Fe and Co which have th# (B|6-
DBSQ) charge distributioR!16 Related complexes of Tc and
Re have been investigated and found to have theé(3vb-
DBCat) charge distribution from structural features and from
strong metal hyperfine coupling in the EPR spectra ofSke

1/, moleculeg?22® The magnetic moment of Mn(3,6-DBgat
room temperature (vide infra) is well above tBe= 1/, value
placing charge on the Mn at4 or +5 with mixed-charge SQ
and Cat ligands. Structural features of the ligands, with the
pattern of Mn-O lengths, appear more consistent with the Mn-
(IV) formulation. The Mn-0O lengths to oxygens O1 and O2
are the longest of the structure, and the@and C-C lengths
within this ligand are typical of values found for semiquinone

Figure 3. View of the MnY(3,6-DBSQ)(3,6-DBCat) molecule.

Table 3. Selected Bond Lengths and Angles for ligands, particularly the contracted-C lengths at the C3C4
Mn(3,6-DBSQ)(3,6-DBCat) and C5-C6 bonds of the ring. The remaining two quinone

Bond Lengths (A) ligands are more similar. The MO lengths are slightly shorter
Mn—01 1.927(5) Mr-02 1.910(5) at the positions trans to O1 and O2, and close to the-Mn
Mn—03 1.897(4) Mnr-O4 1.871(5) lengths of [MnV(3,5-DBCat}]?~ (Table 4)?* related to the
?:451—815 1-233% ?:Agc?; i-gggg present complex by the addition of two electrons. Quinone
-2 1.450(11) Caca 1.429(11) E—O and C-C lengths of these ligands are intermediate
C3-C4 1.353(10) C4C5 1.420(12) etween SQ and Cat val_ues, and they are similar to features of
C5—-C6 1.354(11) C+C6 1.413(9) the disordered or delocalized SQ and Cat ligandsawfs-Mn'! -
C15-03 1.311(8) C1604 1.312(8) (thf)x(3,6-DBSQ)(3,6-DBCat)ransMn" (4,4-bpy}(3,6-DBSQ)-
C15-C16 1.438(10) C16C17 1.404(9) (3,6-DBCat), and other complexes which have mixed-charge
Ci7-Cis 1.369(10) C18C19 1.403(10) SQ and Cat ligands related by crystallographically imposed
g%g:géo i:gfég)()) g%gggo ig(l)g((é)()) molecular symmetry. From the analysis of the structural features
C29-C30 1.424(11) C36C31 1.414(10) the molecule is best formulated as a complex of Mn(I_V),'Wln
C31-C32 1.375(10) C32C33 1.415(12) (3,6-DBSQ)(3,6-DBCat), with the catecholate ligand disordered
C33-C34 1.373(11) C29C34 1.413(10) with one of the semiquinone ligands.

Bond Angles (deg) Infrared spectra recorded on M(8,6-DBSQ})(3,6-DBCat)
01-Mn—02 81.3(2) O+Mn—03 96.2(2) further confirm the mixed-charge quinone ligand formulation.
01-Mn—-04 176.8(2) O+Mn—-05 91.7(2) The spectral region between 1500 and 1200 trontains
01-Mn-06 93.1(2) 02-Mn—-03 94.9(2) strong bands associated with—O and ring G-C stretching
02-Mn—04 95.5(2) 02-Mn—05 92.8(2) modes that are sensitive to quinone ch&fydsigure 4 shows
8§:m:gg %3?% ggm:gg gg:g% this_ region of the spectrum compare_d with the co_rresponding
04—Mn—05 89.0(2) 04 Mn—06 90.1(2) region of Fe(3,6-DBSQ)'® The additional complexity of the
O5—-Mn—06 84.7(2) Mn spectrum, particularly in the 1400 chregion, is consistent

with the presence of both SQ and Cat ligands.

The magnetism of MM (3,6-DBSQ)(3,6-DBCat) has been
measured with varying temperature. At 305 K the magnetic
- ; . - moment of the complex is 3.7dg, dropping to a value of 1.67
distortions in octahedral complexes that Woulq, otherw[se, hr?lveMB at5 K. The decrease in magnetic moment, shown in Figure
regular structures. The most common distortion is axial 5, appears related to the effects of both-M8Q and S@-SQ
elongation, and this appears for the structures of the trOpO|0n"’Itea,ntiferromagnetic exchange interactions, rather than to a shift
complex, Mn(tropy, and for the structures of the acetylacetonate . S R .
complexes Mn(acagjind Mn(hfac)1-2 However, the Mr-O in charge distribution. Attempts at modeling the drop in

moment have failed to provide meaningful values Jor-so
lengths of Mn(3,6-DBQ) are shorter than even the shortest . S
equatorial lengths of these molecules. On this basis the metal2NdJse-sesince both values are negative in sign and appear to

more closely resembles dn(IV) than high-spin d Mn(lll). be of approximately the same magnitude as found for Fe(3,6-

In this respect, the metal differs in charge from the analogous (22) deLearie, L. A Haltiwanger, R. C.; Pierpont, C. fBorg. Chem

between triangular faces of the octahedron of 52.9ris
complexes of Mn(lll) chelated by bidentate oxygen-donor
ligands have been of interest in the study of Jahaller

1987, 26, 817.
(19) Avdeef, A.; Costamagna, J. A.; Fackler, J. P.Jdorg. Chem1974 (23) delearie, L. A.; Haltiwanger, R. C.; Pierpont, C. &.Am. Chem.
13, 1854. Soc.1989 111, 4324.
(20) Bouwman, E.; Caulton, K. G.; Christou, G.; Folting, K.; Gasser, C.; (24) Chin, D.-H.; Sawyer, D. T.; Schaeffer, W. P.; Simmons, Qn®rg.
Hendrickson, D. N.; Huffman, J. C.; Lobkovsky, E. B.; Martin, J. D.; Chem.1983 22, 752.
Michel, P.; Tsai, H.-L.; Xue, ZInorg. Chem 1993 32, 3463. (25) Hartl, F.; Stufkens, D. J.; Vicek, A., Jnorg. Chem1992 31, 1687.
(21) Stults, B. R.; Marianelli, R. S.; Day, V. Wnorg. Chem 1979 18, (b) Hartl, F.; Vleck, A., Jr.; Stufkens, D. Inorg. Chim. Actal992

1853. 192 25.
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Fe(3,6-DBSQ),
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-g Figure 6. Electronic spectrum of MW(3,6-DBSQ)(3,6-DBCat)
g recorded in the solid state (KBr) at room temperature.
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Figure 4. Infrared spectra recorded on Fe(3,6-DBS@)d Mn(3,6- \
DBQ); as KBr pellets at room temperature. At this temperature Mn-
(3,6-DBQ} exists as a mixture of M¥(3,6-DBSQ)(3,6-DBCat) and
Mn"'(3,6-DBSQ) redox isomers. 1750 2475 3200
Wavelength (nm)
4y Figure 7. Temperature-dependent changes in the intensity of the Cat
— SQ interligand IT transition at 2300 nm of NMi(3,6-DBSQ)(3,6-
DBCat).
3 wn® "'..
MnV!(3,6-DBCat}, would be d, and magnetic measurements

24 - fail to provide a unique indication of charge distribution for
/ the molecule.
WL Electronic spectra recorded on M(8,6-DBSQ)(3,6-DBCat)
in the solid state provide further evidence for a charge
distribution with mixed-charge quinone ligands. Prominent
v p P T 210 Py 310 features of the spectrum in the visibleear-IR region include
T an intense band at 850 nm and a broad transition at 2300 nm
Figure 5. Temperature-dependent changes in magnetic moment for (Figure 6). Spectra of the MHN-N)(SQ)(Cat) redox isomers
Mn"(3,6-DBSQ)(3,6-DBCat). differ from the Mn(lV) species, MM(N-N)(Cat), with the
appearance of an intense band typically in the 2100 nm region
DBSQ).1® EPR spectra, recorded on the complex in toluene that has been assigned as aCT transition between mixed-
solution, are similar to spectra obtained on'¥{€at-N-SQ}).26 charge SQ and Cat ligands. The 2300 nm transition of the tris
This complex is also a case where strong antiferromagnetic quinone complex can be assigned similarly, in agreement with
exchange betweer? dn(IV) and two quinone radical ligands  the MnV(3,6-DBSQ})(3,6-DBCat) charge distribution.
result in anS = 1/, spin ground state. Anisotropic spectra Valence Tautomerism for Mn(3,6-DBQ). The potential
obtained on MFH(3,6-DBSQX}(3,6-DBCat) in a toluene/  utility of complexes that exhibit valence tautomerism in data

Effective Moment (p,)

chloroform glass at 77 K consist of two componentgyat storage applications has been notéd. Consequently, our
1.998 andgy = 2.048 with hyperfine coupling to the= %/ experiments have been focused on samples that may exhibit
*Mn nucleus ofA; = 0.0137 cm* and A; = 0.0080 cn™. shifts in equilibria between redox isomers at temperatures in

The metal-base8 = ¥/, ground state is not uniquely consistent the 200-300 K range in the solid state. Changes in charge
with the Mn(IV) charge distribution for the complex. This could  distribution occur over a temperature range that is defined by
result from strong metairadical coupling in redox isomers with  the ratio of enthalpy and entropy changes for the equilibAgim.

metal charge ranging fromi5 to +3, the Mn(VI) redox isomer,

(27) Hendrickson, D. N.; Adams, D. M.; Wu, C.-C.; Aubin, S. M. J. In

(26) Larsen, S. K.; Pierpont, C. G. Am. Chem. S04988 110, 1827. (b) Magnetism: A Supramolecular Functioiahn, O., Ed.; Kluwer:
Swarnabala, G.; Rajasekharan, M. V.; PadhyeClgem. Phys. Lett Dordrecht, The Netherlands, 1996; C, 484, p 357.
1997, 267, 539. (28) Pierpont, C. G.; Jung, O.-810org. Chem.1995 34, 4281.
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Large positive values forAS that define the temperature Mn'V(3 6-DBSQ)(3,6-DBCat)—

dependence of a particular equilibrium are primarily the result 3,4 10 2 1 1

of low-frequency shifts in vibrational modes that result from (d)(do) (Qrr)"(Qrp) (Qrs)

population of the antibondingod(gy in octahedral symmetry) Mn'"(3,6—DBSQ)g 4)
orbitals of the metal that are directed at ligand bonding 3fes. 3r4+)\1 1 1 1
For the equilibria described in eqs 2 and 3, the Mn(lll) (2) and (d) (do) (Qm) Q) (Qrea)
Mn(ll) (3) redox isomers are the species favored at high
temperature in the two steps.

Solid-state electronic spectra were measured fol¥ {8m6-
DBSQ)(3,6-DBCat) at temperatures between 300 and 350 K.
The band at 850 nm was observed to increase in intensity with
increasing temperature, while the intensity of the band at 2300
nm decreased. Intensity changes for the low-energy transition  Acknowledgment. We thank Dr. Brenda Conklin for
are shown in Figure 7, and the changes in intensity with recording magnetic measurements, the NIST Laboratory in
temperature are completely reversible. With the assignment of goyider, CO, for allowing access to their SQUID magnetometer,
the low-energy transition as a Cat SQ IT band, the product  and Professor M. F. El-Shahat of Ain Shams University for
of the solid-state shift in equilibrium is likely to be a species helpful comments. Support for this research was provided by
with quinone ligands of the same charge, specifically'™Mn  the National Science Foundation and the Egyptian Ministry of
(3,6-DBSQ}, and the shift in charge distribution is shown in  gcience (A.S.A.) through a graduate fellowship.
eq 4.

This is the first observation of valence tautomerism (VT)  Supporting Information Available: Complete listings of crystal-
between redox isomers of a transition metal complex outside Iographlc_ details, atomic coordinates, bond lengths ap_d bond angles,
the M(N-N)(DBQ), M= Co, Mn series. There is no reason thermal displacement parameters, and calculated H positional parameters

VT should be restricted to complexes of this group, and the 1O ransMn(thz(3,6-DBSQ)(3,6-DBCat) and Mn(3,6-DBS{,6-
DBCat) (22 pages). Ordering information is given on any current

masthead page.

present result indicates that it may appear more generally, subject
to the conditions (i) that metal and quinone frontier orbitals are
localized and of similar energy and (ii) that changes in enthalpy
and entropy for the equilibrium combine to give a favorable
value for transition temperature.

(29) Jung, O.-S.; Jo, D. H.; Lee, Y.-A.; Sohn, Y. S.; Pierpont, CAgew.
Chem., Int. Ed. Engl1996 35, 1694. IC971192A



