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The Schiff basel(), synthesized from 2-(dimethylamino)ethylamine and salicylaldehyde acts as a tridentate liga
This ligand, when stirred with 1 equiv of KOH in methanol, undergoes partial hydrolysis of the imine bon
This solution readily takes up Mn(ll)/Mn(lll) acetate or Fe(lll) chloride/perchlorate to form mixed-ligand Mn
(1 or Fe(lll) complexes, respectively. The neutral dark brown complex, [MRJINCSY o-(CHO)GH4O7}]

(1), crystallizes in the presence of thiocyanate in the orthorhombic space Btmgwith a = 15.271(8),b =
19.522(7)c = 13.213(7) A;Z = 8; R= 0.060; andR,, = 0.062. The coordination geometry around Mn(lll) ion
is distorted octahedral with donation from obey, one salicylaldehyde and, one thiocyanate ligand. With Fe-
(1), the dark red complex isolated in the solid state is found to be a nquivab Fe(lll) dimer with the formula
[{o-(CHO)GH4O} (L-1)FelLO (3). The structure 08 has been solved and successfully refined in the monoclinic
space groufC2/c with a = 18.558(7),b = 11.231(5).c = 16.943(6) A;3 = 95.81(3}; Z = 4; R= 0.052; and

Ry = 0.055. Each of the Fe(lll) ions is hexadentate with donation fromLoneand one salicylaldehyde besides
the bridged O atom. The Fe(IHO—Fe(lll) angle is found to be 166.05(4)which is well within the normal
range observed for monobridged Fe(HQ—Fe(lll) complexes. Due to structurabnseffects, the coordination
geometry around each metal center is distorted from the ideal octahedral geometry. Cu(ll) makes the ne
complex, [Cu(Ln){o-(CHO)GH4O}] (2) whenL, salicylaldehyde, and a Cu(ll) salt are allowed to react in
equimolar quantities in the presence of excess of KOH. It crystallizes in the monoclinic spaceCgfouyith

a = 18.077(4),b = 11.514(2),c = 16.716(4) A;B = 93.66(2); Z = 8; R = 0.057; andR,, = 0.061. The
coordination geometry around Cu(ll) is square pyramidal where, out of the four equatorial donors, three
provided by the Schiff bask and the fourth one by the phenolate O of the salicylaldehyde group. The Cu(l
ion is 0.170(5) A above the equatorial plane and is bonded axially to the O atom of the carbonyl group of
salicylaldehyde. The bound salicylaldehyde in the Mn(lll) complexeadily reacts with the reagents
2-aminophenol, 2-aminothiophenol, or 2-aminoethanol to form mononuclear, neutral Mn(lll) comgleges
respectively, with the general formula,[Mn(L)(L'-21)]. The Schiff base.’ is formed by condensation of the
bound salicylaldehyde ith with the amino group of the added reagent. Complés low-spin {erlug = 3.01;
S=1) at 300 K, which is quite rare. It also exhibits a pseudoreversible Mn(IV)/Mn(lll) couple Eyjth= 0.54

V (vs SCE) in DMF. All the other Mn complexes are high-spii{us range, 4.89-4.94;S= 2) at 300 K. The
Uerilug NnUMber for2 is 1.93 and for3 is 1.84. ComplexX shows catalytic activity in the oxidation of olefins to
epoxides in the presence of 2-methylpropanal and molecular oxygen.

Introduction workers characteriz&ch cationicy!-aldehyde complex of W
which was shown to be an excellent catalyst for the Diels
Alder reaction between dienes amgf-unsaturated enones.
Faller et al. suggestédhat involvement of anp-aldehyde
complex of Mo was crucial in the synthesis of optically active
homoallylic alcohols. Burkhardt and co-workémoposed an
nt-aldehyde intermediate in the reaction of a Ni enolate with
benzaldehyde. Pedersen and co-workeusoposed anl-

® Abstract published imAdvance ACS Abstractfecember 15, 1996. aldehyde intermediate in the V(ll)-mediated cross-coupling of

Synthesis of transition metal complexes with aldehyde groups
has been a subject of considerable importdnéeDue to its
bonding with the metal ion, the aldehyde group is activated and
can undergo different types of chemical transformation. In these
complexes, the aldehyde group is found to bind the metal ion
in the * and#?, and rarely in the;3-fashion! Hersh and co-

(1) Huang,Y.; Gladysz, J. Al. Chem. Educ1988§ 65, 298. aldehydes to produce 1,2-diols. Gladysz and co-workers

(2) Dombek, D. BJ. Chem. Educl986 63, 210 . DomBek, D. BAdv.
Catal. 1983 32, 325. (6) Bonesen, P. V.; Puckett, C. L.; Honeychuck, R. V.; Hersh, WJ.H.
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Science: Mill Valley, CA, 1987; p 556. 1769.
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prepared optically active alcohols from optically active?-
aldehyde complexes of Re. In a later work, this group isolated
two morez?-aldehyde complexésof the same metal. Also,
the involvement of metalaldehyde bonding in the hydroformy-
lation of olefind? has been suggested. It should be pointed out
here that while a substantial chemistry of metaldehyde
complexes exists, it has been limited mostly to formaldehyde
and its higher homologues. A systematic sttidpf the
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Figure 1. Schiff base ligand..

293 K. Solid Mn(CHCOO)-4H,O (1 equiv) was added to this

structures of aldehyde complexes reveals that cationic aldehydesomtion' which turned dark brown immediately. The reaction mixture

complexes exhibit apl-bonding mode while neutral complexes
show any2-bonding mode. The!-bonding mode for neutral
complexes is quite rare. In the present paper, we describe th
synthesis and characterization of neutral complexes of Mn(lll),
Fe(lll), and Cu(ll) where the aldehyde group from salicylalde-
hyde is bonded to the metal ion in ajt-fashion. To our
knowledge, no X-ray crystallographically characterized salicy-
laldehyde complexes of Mn(lll), Fe(lll), and Cu(ll) are avail-
able. Itis important to know the structures of such complexes
to rationalize their reactivities toward various reagents. The
bound aldehyde group in the Mn(lll) complex reacts readily
with primary monoamines to form mixed Schiff base complexes

was allowed to reflux for 45 min and then treated with 1 equiv of
KSCN and filtered. The filtrate evaporated to dryness, and the dark
brown solid thus obtained was dissolved in acetonitrile and filtered.

eUpon slow evaporation of this solution at 293 K, compledeposited

as dark brown crystals in the form of rectangular parallelopipeds. The
yield was 65% (based on the Mn salt). The same product could be
isolated in 59% yield by using Mn(GJ€00)-2H,0 instead of the
Mn(ll) salt. Anal. Calcd for GgH20N3OsSMn: C, 53.64; H, 4.74; N,
9.88; S, 7.54. Found: C, 54.07; H, 4.89; N, 9.68; S, 7.93.

Synthesis of [Cu(L-n){ 0-(CHO)CsH4O}] (2). A slightly different
method was adopted for the synthesis2of The ligandL, salicylal-
dehyde, and cupric perchlorate hexahydrate taken in 1:1:1 molar ratic
in methanol were heated with 3 equiv of solid KOH at 40 for 30

which are also described. Research concerning the coordinatiordnin. The solution turned dark green. The solution was filtered and

chemistry of Mn(lll) has intensified—1° in recent years due to
its biological importance. In light of the role that aldehydes
may play in the catalytic cycle of some metal-catalyzed oxo-

transfer systems, we have probed the effectiveness of the

complexes as oxygenation catalysts as well.

Experimental Section

Materials. Reagent grade salicylaldehyde, 2-(dimethylamino)-
ethylamine, Mn(CHCOO)+4H,0, Mn(CH;COO)-2H,0, ferric chlo-

the filtrate allowed to evaporate slowly at 293 K. Dark green X-ray-

quality crystals appeared in 59% yield. Anal. Calcd fagHzoN,Os-

Cu: C, 57.52; H, 5.36; N, 7.45. Found: C, 57.23; H, 5.98; N, 7.76.
Synthesis of {0-(CHO)CsH,O}(L-n)FelO (3). The Fe(lll)

complex was isolated following the method adoptedfarsing iron-

(1) chloride or perchlorate in place of the Mn(ll)/Mn(lll) salt. The

yield was 55%. Single crystals were grown by slow evaporation of a

DMF solution of the complex at 295 K. Anal. Calcd fogdH40N4O7-

Fe: C, 57.46; H, 5.36; N, 7.45. Found: C, 57.83; H, 5.21; N, 7.64.
Synthesis of [Mn (L-y){0-(TOCgHsN=CHC¢H,O}] (4). Com-

ride, cupric perchlorate hexahydrate, and potassium thiocyanate (Fluka)p|ex 1 (0.1 mmol) and 2-aminophenol (0.1 mmol) were allowed to

were used as received. 2-Aminoethanol, 2-aminophenol, 2-ami-
nothiophenoltransstilbene cis-stilbene, and chalcone (Aldrich) were
also used as received. All solvents were purified prior to #ise.

reflux in MeOH (15 cm) in an atmosphere of dinitrogen for 45 min.
The resulting dark brown solution was cooled to room temperature
and filtered. The filtrate afforded a dark brown solid overnight which

Elemental analyses and physical and electrochemical studies wereas collected by filtration and air-dried. The yield was 65%. Anal.

carried out as described earlfér.

Synthesis of L. The ligandL (Figure 1) was prepared by refluxing
for 30 min a methanolic solution (10 épof salicylaldehyde (1 mmol)
and 2-(dimethylamino)ethylamine (1 mmol). The solution turned
orange. Methanol was removed completely to obtain a highly viscous
orange liquid. *H NMR (80 MHz, CDCE): 6 2.1 (s, 6H), 2.7 (t, 2H),

3.6 (t, 2H), 7.1 (m, 4H), 8.2 (s,1H).

Synthesis of [Mn(L-x)(NCSY 0-(CHO)CeH4O}] (1). The orange

solution containind- was stirred with 1 equiv of KOH for 30 min at

(9) Freudenberger, J. H.; Konradi, A. W.; Pederson, SI. Am. Chem.
Soc.1989 111, 8014.

(10) Fernandez, J. M.; Emerson, K.; Larsen, R. H.; Gladysz, J. Am.
Chem. Soc1986 108, 8268.

(11) Garner, C. M.; Quiros Mendez, N.; Kowalczyk, J. J.; Fernandez, J.
M.; Emerson, K.; Larsen, R. H.; Gladysz, J. A. Am. Chem. Soc.
1990 112 5146.

(12) Pruett, R. LAcc. Chem. Re4979 17, 1. Cornils, B. InNew Syntheses
with Carbon MonoxideFalbe, J., Ed.; Springer-Verlag: New York,
1980. Pruett, R. LJ. Chem. Educ1986 63, 196.

(13) Bullock, R. M.; Rappoli, B. JJ. Am. Chem. S0d.991, 113 1659.
(14) Malamatari, J. A.; Hitou, P.; Hatzidimitriou, A. G.; Inscore, F. E;
Gourdon, A.; Kirk, M. L.; Kessissoglou, D. Rnorg. Chem.1995

34, 2493.

(15) Bonadies, J. A.; Maroney, M. J.; Pecoraro, Vihorg. Chem1989
28, 2044.

(16) Bertoncello, K.; Fallon, G. D.; Murray, K. S.; Tiekink, E. R.Morg.
Chem.1991, 30, 3562.

(17) Eichhorn, D. D.; Armstrong, W. Hl. Chem. Soc., Chem. Commun.
1992 85. Gohdes, J. W.; Armstrong, W. thorg. Chem.1992 31,
368.

(18) Reddy, D. R.; Tornton, E. R.. Chem. Soc., Chem. Commu®892
172.

(19) Basu, P.; Chakravorty, A. Chem. Soc., Chem. Comm®892 809.
Basu, P.; Chakravorty, Anorg. Chem.1992 31, 4980.

(20) Perrin, D. R.; Armarego, W. L. F.; Perrin, A. Rurification of
Laboratory Chemicalslst ed.; Pergamon Press: Oxford, U.K., 1966.

(21) Mandal, S.; Bharadwaj, P. Rolyhedron 1992 11, 1037.

Calcd for G4H24N303Mn: C, 63.01; H, 5.29; N, 9.18. Found: C, 63.13;
H, 5.35; N, 8.97.

Synthesis of [Mn (L-n){ 0-("SCsH4sN=CHC¢H4O}] (5). This was
isolated as above using 2-aminothiophenol in place of 2-aminophenol
The yield was 52%. Anal. Calcd fors@,4Ns0,SMn: C, 60.88; H,
5.11; N, 8.87; S, 6.76. Found: C, 60.31; H, 5.32; N, 8.67; S, 6.87.

Synthesis of [Mn (L-y){ 0-(OCHCH,N=CHCeH,O}] (6). Com-
plex 1 (0.1 mmol) and 2-aminoethanol (0.1 mmol) were taken in 15
cm?® of MeOH containing KOH (0.1 mmol). The resulting solution
was refluxed under dinitrogen for 30 min and then filtered after cooling
to room temperature. Overnight, the dark brown filtrate afforfiéul
58% vyield. Anal. Calcd for gH20N3OsMn: C, 59.25; H, 4.97; N,
10.36. Found: C, 58.79; H, 5.13; N, 10.12.

Caution! The perchlorate salts must be handled with care as they
form potentially explosive mixtures with organic compounds.

X-ray Structural Studies. Single-crystal X-ray data for all three
complexes were collected at 298 K either on a Rigaku AFC-5Sljffor
or on an Enraf-Nonius CAD4-Mach (f@&and3) diffractometer using
graphite-monochromated Mookradiation ¢ = 0.710 73 A). The cell
parameters for each were determined by least-squares refinement «
diffractometer setting angles for 25 centred reflections that were in the
range of 20.0 < 260 < 30.C°. A summary of crystal data, intensity
measurements, and structure solution and refinements is given in Tabl
1. Forl, systematic absences were consistent with the orthorhombic
space groufPbca For2 and3, which belong to the monoclinic crystal
system, the systematic absences were consistent with the space grol
CcandC2/c. The structure was solved and refined successfully in the
space groupC2/c in each case. Three standard reflections were
measured at every hour to monitor instrument and crystal stability. The
maximum corrections of intensity based on the standard reflections wer
less than 0.5% for each. Intensity data were corrected for Lorentz anc
polarization effects; analytical absorption corrections were applied. For
1, the structure was solved by the heavy atom method and refined or
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Table 1. Crystallographic Data fot, 2, and3 Table 2. Non-Hydrogen Positional and Equivalent Isotropic
1 5 3 Displacement Parameters3or 12
empirical formula GaHaoNgOsSMn  CigHaN20sCU GagHaoNO7F e atom x/a yib Zc U(eq)
fw 425.39 375.872 752.438 Mn 0.1225(6) 0.1959(2) 0.1697(6) 0.0417
temp,°C 25 25 25 0o(1) 0.2041(8) 0.1015(3) 0.2052(8) 0.0613
radiation, graphite- Mo Ka, Mo Ka, Mo Ka, 0(2) 0.0847(7) 0.1455(2) 0.0568(6) 0.0470
;nc))&f\ochromated/ 0.71073 0.71073 0.71073 0(3) 02222(7) 02297(3) 01059(6) 0.0517
cr s’tals stem orthorhombic monoclinic monoclinic N(1) 0.1635(8) 0.2337(3) 0.2991(7) 0.0400
ystal sy N(2) 0.0166(8)  0.1597(3) 0.2582(8)  0.0453
space group Pbca Qlc C2lc
a A 15.271(8) 18.077(4) 18.558(7) C(1) 0.229(1) 0.0631(4) 0.1380(9) 0.0543
b, A 19.522(7) 11.514(2) 11.231(5) C(2) 0.197(1) 0.0587(4) 0.0376(9) 0.0423
¢ A 13.213(7) 16.716(4) 16.943(6) C@3) 0.237(1) 0.0089(4) —0.023(1) 0.0600
B, deg 93.66(2) 95.81(3) C(4) 0.208(1) 0.0001(4) —0.1189(9) 0.0653
v, A3 3939(3) 3472(1) 3512(3) C(5) 0.143(1) 0.0425(4) —0.1559(8) 0.0537
7z 8 8 4 C(6) 0.103(1) 0.0907(5) —0.0974(9) 0.0440
deaica g T3 1.432 1.438 1.472 C(7) 0.128(1) 0.0996(4) 0.0021(9)  0.0383
abs coeffe, mmrt 1.28 0.88 C(8) 0.271(1) 0.2826(4) 0.134(1) 0.0460
crystal size, mf  0.2x0.2x 0.2 0.3x0.4x0.4 0.2x 0.2x 0.3 C(9) 0.3235(9)  0.3160(4) 0.0616(9)  0.0623
=] 0.060 0.057 0.052 C(10) 0.3757(9) 0.3698(4) 0.087(1) 0.0767
= 0.062 0.061 0.055 C(11) 0.381(1) 0.3943(3) 0.1840(9) 0.0380
i N 5 1 C(12) 0.330(1) 0.3642(4) 0.2550(9) 0.0600
R= 3 IFol = IFcll/2|Fol. ® Ry = [ZW(IFol = [Fc)¥XW(Fo)T"% W Cc(13) 0.274(1) 0.3089(4) 0.233(1) 0.0420
= 1lo(F); for 1, w = 1/o(1). c(14) 0.2218(9)  0.2796(3) 0.3103(9)  0.0473
C(15) 0.112(1) 0.2083(3) 0.3848(9) 0.0630
F by full-matrix least-squares techniques. TEXAN version 2.0 program  C(16) 0.020(1) 0.2022(4) 0.3519(9) 0.0587
packag# on a micro-VAX computer was used for this purpose. For ~ C(17) ~ —0.069(1) 0.1690(4) 0.208(1) 0.0723
2 and3, the structures were solved by the direct method and refined ~C(18) 0.024(1) 0.0853(4) 0.284(1) 0.0743
on F by full-matrix least-squares techniques using the XTAL 3.2 S(1a) 0.0292(9) 0.4271(3) 0.0780(8) 0.0827
program packadé and a 486-DX personal computer working under N(1a) 0.0517(8) 0.2909(3) 0.1387(7) 0.0563
MS-DOS version 5 at 66 MHz. The linear absortion coefficients, CQa) 0.043(1) 0.3474(4) 0.1150(9) 0.0423

scattering factors for the atoms, and the anomalous dispersion correc- 2ESDs in parentheses.

tions were taken from the usual souféeln each case, some of the H

atoms could be located in the difference Fourier maps; the rest were Table 3. Non-Hydrogen Positional and Equivalent Isotropic
calculated by assuming ideal geometries of the atom concerned. H Displacement Parametersjor 22

atom positions or thermal parameters were not refined. atom x/a yib Zc U(eq)

i i Cu 0.55075(6) ~ 0.70028(9)  0.37439(6)  0.0466(4)
Results and Discussion O(1)  06000(3)  0.6861(5  0.5020(3)  0.059(2)
Syntheses. The Schiff base undergoes partial hydrolysis on  O(2) 0.5998(3) 0.8447(5) 0.3640(3) 0.053(2)
stirring for 0.5 h in a moist methanolic KOH medium. Complex ©O(3) ~ 0.6273(3)  0.6244(5) ~ 0.3200(3)  0.056(2)
1 or 3is isolated as the major product when a Mn(ll)/Mn(lll) m(l) 0.4919(4)  0.5597(6)  0.3786(4)  0.047(3)
. ; ) 2 0.4533(4) 0.7825(7) 0.4015(4) 0.056(3)
or a Fe(lll) sa_lt is added to the reaction mixture. We have not c(1) 0.6480(5) 0.7565(8) 0.5273(5) 0.053(4)
been able to isolate any other products with definite composi- ¢(2) 0.6707(4) 0.8612(7) 0.4912(5) 0.040(3)
tions. The Mn(lll) complex crystallizes, taking up a thiocyanate  C(3) 0.7218(5) 0.9316(8) 0.5376(5) 0.058(4)
group to achieve hexacoordination. The Fe(lll) ion, on the other gggg S-Ziggg i-g%gg; 8-2%3%%8 8-82253
hand, achieves hexacoordination by formin X0 dimer . : : : :
The Cu(ll) ion forms only a entava>llent con?@ when treated ) 0.6702(5) 1.0111(8) 0.3902(5) 0.050(3)
_ _ yap p C(7)  0.6450(4)  0.9012(7)  0.4135(5)  0.040(3)
with L and salicylaldehyde in the presence of excess KOH. All ¢ (g) 0.6324(5) 0.5117(8) 0.3047(4) 0.044(3)
the complexes are soluble in common organic solvents. They C(9) 0.6963(5) 0.4727(9) 0.2664(5) 0.058(4)
are air-stable in the solid state as well as in solution and so are gg% g-gggggg; 8-338&1&;) 8'%33%2)) 8-833%1))
potentially usefu_l for sgbsequent reactions. Thg coordinated Cl2)  05907(3) 0.3106(8) 0.3035(5) 0.062(4)
aldehyde group id readily reacts with primary amines. Thus, C(13)  0.5803(5) 0.4275(8) 0.3227(5) 0.050(3)
as the Scheme 1 shows, when it is allowed to reflux with c(14)  0.5109(5) 0.4585(8) 0.3568(5) 0.050(3)
2-aminophenol, 2-aminothiophenol, or 2-aminoethanol, it forms  c(15)  0.4177(5) 0.5781(9) 0.4093(6) 0.067(4)
neutral mononuclear complexes with the coordination spheres C(16)  0.4058(8) 0.691(1) 0.416(1) 0.30(2)
MnN3zO3 (4), MnN3zO,S (5), and MnNO;s (6), respectively. In C(17)  0.4216(8) 0.850(2) 0.3391(8) 0.19(1)
case of2 or 3, however, no such mixed Schiff base complex c(18) 0.4609(6) 0.856(1) 0.4709(6) 0.114(6)
can be isolated when reacted with the above monoamines. Also, 2ESDs in parentheses.

2 and3 could not be recovered unchanged from a reaction with Description of the Structures. [Mn(L_)(NCS) 0-(CHO)-

the monoamines. ; . .
Complexesl—6 are nonelectrolytic in nature in solvents such CeH40"}] (1)'. A perspecqve VIew 9f the molecule with the
- . atom numbering scheme is shown in Figure 2. The molecule
as methanol, acetonitrile, and DMF. However, in DMF, the . . oo
o - 1 1 is a neutral Mn(lll) compound with coordination from one
conductivity of1 increases to~30 Q~1cn? mol~1in 0.5 h at . : . .
A . bidentate salicylaldehyde, one tridentate Schiff bdsg énd
295 K, indicating loss of the thiocyanate anin. : .
one monodentate N-coordinated thiocyanate group thus com

(22) TEXAN version 2.0 Software Package for Structure Solution and pleting he_xacoord'natlon' The atoms O(3), N(l)’ and N(2) of
Refinement. Molecular Structure Corp., The Woodlands, TX, 77381. L along with the phenolate oxygen O(2) of salicylaldehyde form
(23) uail, Si %-;.Ste"‘(é?”' J.fl\\/}\./; Flack,AH, B. IfdéhecﬂAAL ?.ZCI‘?elftge;%nce the equatorial plane. The MrO and Mn—N bond distances
anuat Universities of Western Australia and Maryland, . ; ; ;
(24) International Tables for X-ray CrystallographiKynoch Press: Bir- (Tab.le 5) for equatorially coordinated heteroatog"ls are typical
mingham, England, 1974: Vol. IV. for high-spin Mn(l1l) pseudooctahedral complex&3® The Mn-

(25) Grey, W. JCoord. Chem. Re 1971, 7, 81. (1) ion is only 0.088 A below the mean equatorial plane; the
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Table 4. Non-Hydrogen Positional and Equivalent Isotropic
Displacement Parameters3or 3?

atom xla yib Zc U(eq)
Fe 0.54389(5) 0.28323(9) 0.34773(5)  0.0364(3)
o(1) 0.5921(3) 0.3018(4) 0.4774(3) 0.053(2)
0(2) 0.5898(2) 0.1260(4) 0.3593(2) 0.044(2)
0O(3) 0.6306(2) 0.3728(4) 0.3262(3) 0.044(2)
Oo(4) Y, 0.2632(5) Y4 0.037(2)
o(lw) Y, —0.0316(7) Y4 0.105(4)
N(1) 0.4976(3) 0.4483(5) 0.3733(3) 0.037(2)
N(2) 0.4445(3) 0.2253(6) 0.4036(3) 0.046(2)
C(1) 0.6419(4) 0.2411(7) 0.5088(4) 0.050(3)
C(2) 0.6691(3) 0.1314(6) 0.4809(4) 0.037(3)
C(3) 0.7240(4) 0.0752(7) 0.5298(4) 0.053(3)
C(4) 0.7516(4)  —0.0317(8) 0.5090(5) 0.064(4)
C(5) 0.7227(4)  —0.0831(7) 0.4375(5) 0.063(4)
C(6) 0.6686(4) —0.300(7) 0.3886(4) 0.049(3)
C(7) 0.6402(4) 0.0792(6) 0.4076(4) 0.035(3)
C(8) 0.6375(4) 0.4824(7) 0.3041(4) 0.042(3)
C(9) 0.6985(4) 0.5158(8) 0.2670(4) 0.055(3)
C(10) 0.7085(4) 0.6297(9) 0.2416(5) 0.065(4)
C(11) 0.6574(6) 0.7156(8) 0.2523(5) 0.070(4)
C(12) 0.5985(5) 0.6883(6) 0.2895(5) 0.060(3)
C(13) 0.5866(4) 0.5725(6) 0.3151(4) 0.041(3)
C(14) 0.5206(4) 0.5502(7) 0.3520(4) 0.047(3)
C(15) 0.4296(4) 0.4419(7) 0.4076(4) 0.056(3)
C(16) 0.4250(5) 0.328(1) 0.4497(6) 0.104(5)
C(17) 0.4566(5) 0.130(1) 0.4602(7) 0.128(6)
C(18) 0.3858(5) 0.191(1) 0.3486(5) 0.125(6)

aESDs in parentheses.

Scheme 1. Reactions ofl with Monoamines
[(L- YMn(Sal)(NCS)]

1
[(L-H)Mn(L'2H)] + SCN~
2

monoamines
reflux , 1hr,
CH30H

six-membered and the five-membered rings formed at the Mn
are only slightly puckered, thus allowing the N-bonded thio-
cyanato group to come closer. Hence, unlike other reported
structures16.2627the axial Mn(lll)-N(1a) distance (2.19(1)
A) is only slightly larger than the equatorial MiN(2) distance
(2.12(1) A). The axial Mn(l11-O(1) bond length (2.27(1) A)
compares well with distorted octahedral Mn(lll) complexes of
Schiff base ligand&?-2627 The bond angles around the Mn(lll)
ion also deviate greatly from the ideal octahedral geometry
(Table 5). This distorted geometry around Mn is consistent with
a Jahn-Teller distorted Mn(lll) (d) ion27~2% The linear NCS
group (N(1a)yC(1la)-S(1a)= 178(1Y) is not coaxial with the
axial Mn—N(1a) bond as shown by the angle, MN(1a)—

(26) Bonadies, J. A.; Kirk, M. L.; Lah, M. S.; Kessissoglou, D. P.; Hatfield,
W. H.; Pecoraro, V. LInorg. Chem.1989 28, 2037.

(27) Chandra, S. K.; Chakravorty, Anorg. Chem.1991, 30, 3795.

(28) Fackler, J. P.; Avdeef, Anorg. Chem.1974 13, 1864.
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Cc(18)

Figure 2. Perspective view ol showing the thermal ellipsoids and
the atomic numbering scheme. Hydrogen atoms are omitted for clarity

Table 5. Selected Bond Lengths (A) and Angles (deg) fo®,
and 3

1
Mn-O(1) 2.27(1) Mn-N(1) 1.96(1)
Mn-O(2) 1.88(1) Mn-N(2) 2.12(1)
Mn-O(3) 1.86(1) Mn-N(1a) 2.19(1)

0(1)-Mn-0(2) 84.7(1)  O(2)-Mn-N(1a) 98.3(5)

0(1)-Mn-0(3) 85.1(1)  O(3)-Mn-N(1) 90.0(5)

O(1)-Mn-N(1) 87.2(4)  O(3)-Mn-N(2) 173.4(4)

O(1)-Mn-N(2) 91.9(5)  O(3)-Mn-N(1a) 91.0(5)

O(1)-Mn-N(1a)  175.0(4)  N(1)-Mn-N(2) 83.6(4)

0(2)-Mn-0(3) 94.4(5)  N(1)-Mn-N(la) 90.1(4)

0(2)-Mn-N(1) 170.4(4)  N(2)-Mn-N(1a) 90.5(4)

0(2)-Mn-N(2) 91.6(4)

2
Cu-O(1) 2.265(7) Cu-N(1) 1.941(7)
Cu-0(2) 1.898(5) Cu-N(2) 2.075(7)
Cu-0(3) 1.914(6)

0(1)-Cu-0(2) 95.6(4) 0(2)-Cu-N(1) 174.03)

0(1)-Cu-0(3) 95.1(3) 0(2)-Cu-N(2) 91.6(3)

O(1)-Cu-N(1) 95.2(4) 0(3)-Cu-N(1) 92.9(3)

O(1)-Cu-N(2) 95.6(4) 0(3)-Cu-N(2) 164.0(3)

0(2)-Cu-0(3) 90.0(2) N(1)-Cu-N(2) 84.1(3)

3
Fe-O(1) 2.295(6) Fe-O(4) 1.784(1)
Fe-0(2) 1.961(4) Fe-N(1) 2.107(6)
Fe-O(3) 1.962(5) Fe-N(2) 2.252(5)

O(1)-Fe-0(2) 85.2(3) 0(2)-Fe-N(2) 92.6(3)

O(1)-Fe-O(3) 83.3(3) O(3)-Fe-0O(4) 101.4(2)

O(1)-Fe-O(4) 176.3(2) 0(3)-Fe-N(1) 86.9(2)

O(1)-Fe-N(1) 81.4(3) O(3)-Fe-N(2) 162.4(3)

O(1)-Fe-N(2) 83.2(2) O(4)-Fe-N(1) 98.3(2)

0(2)-Fe-0(3) 97.2(2) O(4)-Fe-N(2) 92.5(3)

0(2)-Fe-0O(4) 97.6(2) N(1)-Fe-N(2) 78.4(3)

0(2)-Fe-N(1) 162.4(2)

a3 ESDs in parentheses.

C(1a) being 155.9(4) The bond distances and angles of the
ligand moieties are within normal statistical errors.

(29) A Schiff base complex of Mn(lll) had been reported to have very
similar distances for the equatorial as well as axial bonds: Alcock,
N. W.; Cook, D. F.; McKenzie, E. D.; Worthington, J. Mhorg. Chim.
Acta 1980 38, 107. This is probably due to the dynamic distortions
present in the molecule; the observed structure is the time-average
one.
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Cc@)

Figure 3. Perspective view o2 showing the thermal ellipsoids and
the atomic numbering scheme. Hydrogen atoms are omitted for clarity. -
C®

[Cu(L -} 0'(CHO)C6H4_07}] (2)-_ Cqmplex2 CryStaII_izeS Figure 4. Perspective view 08 showing the thermal ellipsoids and
as a neutral monomer with coordination from one tridentate the atomic numbering scheme. Hydrogen atoms are omitted for clarity

Schiff basel and one bidentate salicylaldehyde ligand (Figure
3). The geometry around Cu(ll) is square pyramidal where the Fe bond angle is-165°. The Fe-O(1) bond, which igransto
O atom of the salicylaldehyde group occupies the axial position. the oxo bridge, has a distance of 2.295(6) A; whereas, the Fe
The Cu atom ir2 is 0.170(5) A above the average equatorial O(2) and Fe-O(3) bonds, which areis with respect to the oxo
plane. When Cu(ll) is bonded to a tridentate and one bidentatebridge, have distances of 1.961(4) and 1.962(5) A, respectively
ligand, the usual geometry is found to be square pyranifdal. The other twecis Fe—N(1) and Fe-N(2) bonds show distances
The equatorial phenolate O(2) of the salicylaldehyde ligand of 2.107(6) and 2.252(5) A. Thus, theF®(1) bond shows a
makes a very strong bond with Cu. The bond distance (1.898- prominent structuraranseffect3® The longer distance for the
(5) A) is one of the shortest Cu(l)O bond distances known.  Fe—N(2) bond is to avoid greater steric interactions of the two
The other equatorial CuO and Cu-N bond lengths are  methyl groups with the bound salicylaldehyde moeity. Due to
comparable with similar square-pyramidal G coordination these structuratrans effects and steric interactions, the coor-
spheres!32 The axial C+-O(1) bond length (2.265(7) A) is  dination geometry around the metal ion is quite distorted from
longer than normal CdO distances, inconsistent with the trend the ideal octahedral geometry.
observed in other square-pyramidal Cu(ll) comple¥edhe Infrared Spectroscopy. The metal-bound imine stretching
bond angles around the Cu(ll) ion (Table 5) show that the frequency and thg!-bonded aldehyde group abs&#at about
coordination geometry is only slightly distorted from an ideal the same place. A strong broad peak appears-i8 in the
square-pyramidal one. As in caselpfthe bond distances and  region 1626-1630 cnt! which is attributable to the imine and
angles in the ligand moieties are within normal statistical errors. !-bonded aldehyde (€O) stretching vibrations. Several
[{o-(CHO)CgH,O} (L —)FelO (3). Complex3 crystallizes empirical criterid? have been developed to determine the
as au-oxo dimer where each Fe(lll) is hexadentate with bonding mode of the SCN group. Th&CN) frequency below
coordination from one tridentate and one salicylaldenyde 2100 cnt! has been shown to be diagnostic of N-bonded
ligand beside the bridging O atom (Figure 4). The bridging O complexes. Inl, where the thiocyanate group is N-bonded,
atom lies on the crystallographic twofold symmetry and thev(CN) stretching frequency appears at 2080-&mFor 3,
therefore only half of the molecule is present in the asymmetric the additional two strong peaks, which appear at 850 and 40¢
unit. The Fe(lll)-O—Fe(lll) angle is found to be 166.5(%) cm L, are assignable teys (Fe(lll)—O—Fe(lll)) andvs (Fe(lll)—
which is well within the normal range observé&® for u-oxo O—Fe(ll)) vibrations, respectively. The peak positions fit very
monobridged Fe(lll) dimers. The F&©(4) bond distance  well in the curve showing the correlatithof the Fe-O—Fe
(1.784(1) A) is quite comparaiieto that obtained with other  symmetric and asymmetric stretching frequencies with the Fe
Fe—O—Fe units with chelating N- and O-donor ligands. The O-—Fe angle. Fo#—6, no absorption can be seen around 2100
closest nonbonding distance between the terminal ligands (i.e.,cm ~1, indicating absence of the thiocyanate group.
between C(17) and C(17Wwhere C(17)is symmetrically related Electronic Spectroscopy. The electronic spectrum df is
to C(17)) is more than 3.4 (5) A. The distance between the dominated by an intense peak centering at 25 640 @hax
two Fe(lll) ions is 3.54 (6) A, which is longer th&fthat found 2175 M1 cm™?) attributablé? to the o(N) — Mn(lll) LMCT

in other monobridged FeO—Fe complexes where the F©— transition. One shoulder that appears~@0 400 cm? (emax
(30) Holmes, R. RProg. Inorg. Chem1984 32, 222 and references cited (37) Takahasi, K.; Nishida, Y.; Maeda, Y.; Kida, 5.Chem. Soc., Dalton

therein. Trans 1985 2375. Plowman, J. E.; Loehr, T. M.; Schauer, C. K;
(31) Addison, A. W.; Rao, T. N.; Reedijk, J.; van Rijn, J.; Verschoor, G. Anderson, O. Plnorg. Chem.1984 23, 3553.

C.J. Chem. Soc., Dalton Tran$984 1349. (38) Ou, C. C.; Wollman, R. G.; Hendrickson, D. N.; Potenza, J. A,;
(32) Durfee, W. S.; Pierpont, C. Gnorg. Chem.1993 32, 493. Schugar, H. JJ. Am. Chem. So4978 100, 4717. Konefal, E.; Loeb,
(33) Hathaway, B. J.; Billing, D. ECoord. Chem. Re 197Q 5, 143. S. J.; Willis, E.; Stephan, D. Winorg. Chim. Actal986 115 197.
(34) Mukherjee, R. N.; Stack, T. D. P.; Holm, R. Bl. Am. Chem. Soc. (39) Nakamoto, K.Infrared Spectra of Inorganic and Coordination

1988 110, 1850. Healy, P. C.; Skelton, B. W.; White, A. Hpst. J. Compounds4th ed.; Wiley: New York, 1986; p 231.

Chem.1983 36, 2057. Healy, P. C.; Patrick, J. M.; White, A. H., (40) Holm, R. H.; Everett, W. G.; Chakravorty, #rog. Inorg. Chem.

Aust. J. Chem1984 37, 1905. 1965 7, 83.

(35) Kurtz, D. M., Jr.Chem. Re. 199Q 90, 585. (41) Same as ref 39, p 283.
(36) Gomez-Romero, P.; Sameron, GJBChem. Soc., Dalton Trank988, (42) Sanders-Loehr, J.; Wheeler, W. D.; Shiemke, A. K.; Averill, B. A,;

2747. Loehr, T. M.J. Am. Chem. S0d.989 111, 8084.
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530 M~1 cm~1) may be attributed to the ligand field transition.
The higher intensity of this band is due to intensity borrowing
from the nearby charge-transfer baidFor the Cu(ll) complex

(2), the ligand field transition occurs as a single broad band

centering at 15 870 cmwith an emax of 65 M~ cmL. In

addition, two intense bands appear at higher energies. The peak

that appears at 35 715 cH(emax 3830 M1 cm™) is assign-
able*> to theo(N) — Cu(ll) LMCT transition. The strong peak
that appears at 27 020 CHfemax, 2450 M cm™1) is too low

for a charge-transfer transition involgna N donor. For
tetragonal Cu(ll) complexes with phenolate coordination, the
Cu(ll) — phenolate MLCT absorption occtfsnear 25 500
cmL. Therefore, the band at 27 020 chis assignable to the
Cu(ll) — phenolate MLCT charge-transfer transition. Likewise,
the shoulder near 33 330 ch (emax 2700 M1 cm™) is
assigned as the higher energy Cuftt)r*-phenolate transition.
The lower energy Cu(lly— sz*-phenolate transition which
should occut®in the near-IR region is not observablednThe
electronic spectrum ofi-oxo diferric complexes shol® a
number of bands in the UV, visible and near-IR regions. The
complex3 shows four strong bands at 31 6454, 12 170 M™!
cm™1), 35090 €max 21300 Mt cm™t), 38 460 cnT! (emax
35800 Mt cm™), and 43 480 cm! (€max 61 900 Mt cm™1).
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0.8 0-4 0-0
Figure 5. Cyclic voltammogram o6 in DMF using a glassy carbon
working electrode at the scan rate of 50 mV%;sBus;NCIO, as
supporting electrolyte. The potential values shown are vs SCE.

numbers lie in the range 4.9%.94. Mn(lll) is knowri®:50.51

to form low-spin octahedral complexes only with strong donors
like cyanide, oxime, or porphyrins. Complexégprovides a
rare example of a low-spin Mn(lll) complex with N and O
donors from Schiff base ligands. All our efforts to have this
complex in single-crystal form for X-ray crystallographic studies
remain unsuccessful. Therefore, whetlfers a dimer or a
monomer cannot be ascertained. However, the cyclic voltam:

The band positions as well as intensities compare well with those metric results as discussed below indicate it probably a

found*® for the complex enbJ(FeHEDTA)Q], where the angle
of the monobridged Fe(lltyO—Fe(lll) unit is 165. Besides,
3 shows a moderately strong band at 20 620 £amax, 1490
M~1 cm) assignabl¥ as a combination of the LMCT
transition involving the exogenous ligand(s) bound to the Fe
O—Fe unit and the ligand field transitions. Fdr6, the

monomeric species. Complex2dn the solid state at 298 K
gives a broad EPR signal witg,, = 2.08, which sharpens
somewhat on lowering the temperature to 77 K. In MeCN
solution at 298 K, it exhibits a typical four-line signal; in MeCN
glass, the signal changes to the one obtained in the solid stat
Thus, the EPR spectra @fare not indicative of its stereochem-

electronic spectrum of each complex is dominated by a strongistry.

absorption near 25 000 crh(emax ~1800 M1 cm™1) assign-
able’® to o(N) — Mn(lll) LMCT transitions; each of the
complexes also exhibits a shoulder near 20 000 'c(Bmax
~500 M~ cm~1) which will be due to ligand field transitions.
The higher intensity of the ligand field band is attributable to
the intensity borrowintf from the nearby charge-transfer band.

Magnetic Studies. All the magnetic data were collected in

the solid state. Complek gives auesr value of 4.90ug at 298

K that correspond&16-1°%o a high-spin $= 2) Mn(lll) complex
with partial quenching of the orbital angular momentum. The
magnetic moment number f@ris 1.91, which is typicdf of a
discrete mononuclear Cu(ll) complex. Fartheues value is
found to be 1.86s, which compare¥-3>well with the values
obtained on monobridged Fe(HO—Fe(lll) complexes. The
effective magnetic moment number (3.01) Gdndicated® that

it is low-spin (S = 1), the rest are high spirB= 2), and the

(43) (a) van den Bergen, A.; Murray, K. S.; O'Connor, M. J.; West, B. O.
Aust. J. Cheml969 22, 39. Boucher, L. J.; Day, V. Bnorg. Chem.
1977, 16, 136. (b) Shukla, R.; Bharadwaj, P. Kadian J. Chem1993
32A 767.

(44) Lever, A. B. Plnorganic Electronic Spectroscopfnd ed.; Elsevier:
Amsterdam, 1984; pp 1751L77.

(45) Yokoi, H.; Isobe, TBull. Chem. Soc. JprL969 42, 2187. Kenedy.
B. P.; Lever, A. B. PJ. Am. Chem. S0d973 95, 6907. Miskowski,
V. M.; Thich, J. A.; Solomon, R.; Schugar, H.J. Am. Chem. Soc.
1976 98, 8344.

(46) Amundsen, A. R.; Whelan, J.; Bosnich, B.Am. Chem. Sod.977,
99, 6730. Mandal, S.; Bharadwaj, P. Kadian J. Chem1991, 30A
948.

(47) Reem, R. C.; McCormick, J. M.; Richardson, D. E.; Devlin, F. J.;
Stephens, P. J.; Musselman, R. L.; Solomon, B. Am. Chem. Soc.
1989 111, 4688.

(48) Lippard, S. J.; Schugar, H. J.; Walling, I6org. Chem1967, 6, 1825.
Schugar, H. J.; Rossman, G. R.; Barraclough, C. G.; Gray, H. B.
Am. Chem. Sod972 94, 2683.

(49) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrith ed.;
John Wiley: New York, 1988; p 768.

Electrochemistry. Electron-transfer properties &f-6 were
probed by room-temperature cyclic voltammetry in DMF.
Complex1 exhibits a quasi-reversible cyclic voltammogram
assignabl® as a Mn(IV)/Mn(lll) couple with the following
characteristics:Ey;» = 0.14 (vs SCE)AE, = 140 mV at the
scan rate of 50 mV3 using a glassy carbon working electrode;
the ratioipdipc = 1.0 within experimental error for the scan rate
employed (50, 100, 150, 200, 250 mV1¥ increase inAE,
value by 15% on increasing the scan rate from 50 to 250 mV
s~1. The Mn(Il1)/Mn(ll) couple does not exhibit down te1.2
V, showing high stability of the Mn(lll) state in the present
ligand environment. Complexexhibits a quasi-reversible Mn-
(IM)/Mn(lll) couple (Figure 5) with the following charateristics:
Eip = 0.54 (vs SCE)AE, = 80 mV at the scan rate of 50 mV
st using a glassy carbon working electrode; théi,c = 1.0
within the experimental error for the scan rate employed (50,
100, 150, 200, 250 mV8); the AE, value increases by 10%
on increasing the scan rate from 50 to 250 mV.sThe Mn-
(I/Mn(l1) couple does not show down te-1.2 V. Other
complexes do not show any well-defined response in the range
studied 1.2 to+1.0V).

Catalytic Activites of the Complexes. Only complex2 was
found to be able to act as a catalyst in the epoxidation of alkene
by molecular oxygen and 2-methylpropa®gTable 6). The
epoxides were the only oxygenation products in these reactions
A direct oxidation without using did not lead to any substantial
reaction. In a typical experiment, a substrate (10 mmol) and
2-methylpropanal (20 mmol) were added to actonitrile (15)cm

(50) Griffith, W. P.Coord. Chem. Re 1975 17, 177.

(51) Landrum, J. T.; Hatano, K.; Scheidt, W. R.; Reed, CJAAm. Chem.
So0c.199Q 102 6729. Hansen, A. P.; Goff, H. Mnorg. Chem1984
23, 4519.

(52) Yamada, T.; Takai, T.; Rhode, O.; MukaiyamaChem. Lett1991
1.
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Table 6. Summary of Catalyzed Oxidation of Olefinic Substrates nuclear Mn complexes whed is allowed to react with
entry substrate produict % yield (isolated) polyamipo compounds. This will afford. the des.ign. anql
1 20 synthesize polynuclear Mn complexes of bioinorganic signifi-
cance. The accessibility of Mn(IV) state @ with the Schiff
base ligands can be profitabely used to have oxo-transfe
35 catalysts. Cu(ll) comple2 shows marginal catalytic activities
Ph in the epoxidation of olefins by molecular oxygen in the
presence of 2-methylpropanal. In the absence of 2-methylpro
22 panal, however, no catalytic activities could be observed. We
have not been able to observe addition or insertion of oxyger
into the salicylaldehyde moiety with any of these complexes.
Perhaps with lower valent metal complexes such an insertior
reaction can be observed. Some of these aspects are presen
containg? (5 mol%) under an atmosphere of molecular oxygen under investigation in our laboratory.
at ambient pressure and temperature. Progress of the reaction Acknowledgment. Financial support (to P.K.B.) from the
was followed by TLC. Aqueous workup followed by column  penariment of Science and Technology (DST), New Delhi,
chromatography afforded the corresponding epoxides. In hqia is gratefully acknowledged. The X-ray structural work
absence of 2-methylpropanal, none of the complexes was able, a5 carried out at the recently established National Single
to cause epoxidation even if used stoichiometrically. Crystal X-ray Diffraction Facility at the Department of Chem-
In summary, the present work not only shows that aldehyde istry, IIT Kanpur funded by the DST. P.K.B. acknowledges
complexes can be easily synthesized in high yields but also y,6’psT for funding this facility. K.H.W. and J.v.H. acknowl-
provides the first structurally characterized salicylaldehyde edges the National Science Foundation (NSF; USA) for financial

complexes of Mn(lll), Fe(lll), and Cu(ll) ions. These structural  ,qgjstance in the purchase of the diffractometer. G.D. thank:
studies assume importance in light of the role that aldehydes o cgir (India) for an SRF award.

may play in some metal-catalyzed oxo-transfer systems. The

complexes are soluble in common organic solvents where they Supporting Information Available: Tables of crystallographic
retain their identities, making them suitable for use in organic data, hydrogen _positional parameters, anisotropic thermal fact(_)rs, an
transformation reactions of the aldehyde group. The bound &! the bond distances and angles 3 (9 pages). Ordering
aldehyde group il reacts with monoamines forming new Schiff information is given on any current masthead page.

base ligands. Thus, in principle, it is possible to have poly- 1€9510371
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2 Characterized by IR antH-NMR spectroscopy.



