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One-pot synthesis of an Mn(lID-Cu(ID—-Mn(lIl) trinuclear
heterometallic compound formed by Mn..S—Cu-S--Mn
supramolecular interactions: Crystal structure of

[{Mn " (salph)(H,0)}»{Cu" (mnt),}] @DMF

VEDICHI MADHU and SAMAR K DAS*

School of chemistry, University of Hyderabad, Hyderabad 500 046
e-mail: skdsc@uohyd.ernet.in

Abstract. A one-pot synthesis, that includes Cu@H,0, Namnt, Hsalph and MnﬂCt;COO);D}IZO,
leads to the isolation of a trinuclear heterometallic compound f{fdalph)(HO)},{Cu" (mnt),}] BDMF
(1) formed by Mn--S—Cu-S--Mn supramolecular interactions. Compouhdrystallizes in the mono-
clinic space group21l/cwitha = 13@33(4?,b = 16283(5),c = 15072(4) A, = 107785(4f,Z= 2. In
the crystal structure, the complex anion f@unt),]*~ bridges two [MH'(salph)(HO)]** cations through
Mn---S contacts. The non-covalent hydrogen bondingraftinteractions among the trinuclear [{Mn
(salph)(HO)}{Cu"(mnt),}] complexes lead to an extended chain-like arrangement of'[saiph)
(H,0)]*" cations with [Cliimnt),]*~ anions embedded in between these chains.

Keywords. One-pot synthesis; trinuclear heterometallic compound; crystal structure; dithiolene; non-
covalent supramolecular interactions.

1. Introduction 2. Experimental

Heterometallic transition metal compounds have a?-1 Physical measurements
tracted considerable interest in recent years because
of their importance in the design and development dficroanalytical (C, H, N, S) data were obtained
new magnetic systemisMany of these multinuclear with a Flash EA 1112 Series CHNS analysét.
transition-metal complexes act as single molecuspectra were recorded for KBr pellets with a JASCO
magnets (SMMs) that are mainly directed toward the
development of new materials with novel electronic
properties A common strategy to obtain such hetero-
bimetallic systems is to use the metal precursors
such as Cu(ll)-oxamates, oximates, oxamides and
OH

hexacyanometalates; nevertheless, this kind of magne- —N_ 7™ N—
tically active heterometallic systems are still lim- \Mn/

ited® We wish to introduce the classical inorganic s N
coordination complex anion [Cu(mgf) as an active o o
precursor to achieve a new multi-metallic heteronu- N s 8 =
clear system. In the present contribution, we describe I Lu K
synthesis and structural characterization of a = s S =N
Mn(lI)—Cu(I)-Mn(lll) heterometallic trinuclear O\?/O
compound [{Mr' (salph)(HO)}ACu'" (mnt),}] BDMF = M

(1) (Hzsalph = N,N-(ophenylene)is(salicylidene- _N/(lH\N_

imine; mnt = 1,2-dicyanoethylenedithiold)e The ;

molecular representation bfis outlined in scheme 1. @

*For correspondence Scheme 1.
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FT/IR-5300 spectrometer in the region 400<ollected in table 1. CCDC Reference Number
4000 cm®. Electronic spectra were recorded with £CDC-618962 contains the supplementary crystal-
UV-101PCUV/Vis—NIR spectrophotometer (Shima-lographic data for compourid This can be obtained
dzu) equippedvith a diffuse reflectance accessoryfree of charge on application to CCDC, 12 Union
The ESR spectra were recorded on a (JEOL) JERead, Cambridge CB21EZ, UK (Fax: (+44)1223-
FA200 ESR spectrometer. 336-033; emik deposit@ccdc.cam.ac.uk).

2.2 Synthesis of compound [{Migsalph)(HO)}. 3. Results and discussion
{Cu"(mnt)}] BDMF (1)

Compound 1 was prepared from Cuf2H,0,
CuChL2H,0 (0043 g, @25 mmol) in 5 ml of MeOH Na,mnt, MNn(CHCOOXMH,O and Hsalph in MeOH
was added with stirring to a solution of et solvent. In this synthesis, the complexes'[@wnt)]*
(01 g, 0537 mmol) in 5 ml of MeOH; stirring was and [Mr" (salph)(HO)]** are formedin situ. This
continued for 30 min. The resulting mixture was addddads to the formation of ion pair complex [Mn
to a brown solution of MeOH (20 ml) containing(salph)(HO)][Cu" (mnt),], which appears as a dark
Hysalph (0157 g, @ mmol), Mn(lll) acetatdydrate brown solid. This, on crystallization from DMF,
(0116 g, 05 mmol), NaCIQ (0070 g, 057 mmol). forms crystals of [{MH (salph)(HO)}{Cu"(mnt)}] O
The reaction mixture was stirred for 4-5 min adDMF=(1). This compound was characterized by
room temperature and a brown colour precipitate aplemental analysis, ESR, IR and electronic spectral
peared. The resulting compound was separated $tydies. Compound was finally characterized un-
filtration, and then dried in vacuum. The dried preambiguously by single crystal X-ray structural
cipitate was dissolved in DMF and the filtrated DMFanalysis.
solution was diffused by ether. The diffusion proc-

ess was kept for one week and the resulted dafkpie 1. Crystal data and structure refinement foy. (
brown crystals were separated by decantation of sol=

vent and subsequently washed with,@&t These Empmcal formula GoHeoN 120105, CuMn,
. ) ormula weight 14186
crystals were suitable for single crystal X-ray analyr (k) 298(2)
sis. Yield: 015 g (42%). A (A) 071073
Analysis: Calc. for GHgCUMMmN;0.0S,: C, Crystal system Monoclinic
51078; H, 43; N, 1192; S, 910%. Found C, Spacegroup P2(1)lc
53037; H, 428; N, 1026; S, 874%. g%cen dimensions 133334
IR (KBr): 2189; 1601; 1576; 1534; 1460; 1433b(A) 16283(5)
1377; 1308; 1236; 1194; 1150; 1127; 1028; 926;(A) 15072(4)
855; 812; 745; 633; 563; 544; 509; 4447tm a (deg) 90
B (deg) 107785(4)
y (deg) 90
2.3 X-ray crystallography V (A3 31393(15)
z 2
Data were measured at 298(2) K on a Bruker SMARD .. (Mg m ™) 11493
APEX CCD area detector systemA(MoK,) = K (mm™) 0932
071073 A], graphite mnochromator2400 frames 2(82% size (mry (}52‘:’( 0715 x OC15

were recorded with aw scan width of B°, each for 6 range for data collection (degB® to 25
8's, crystal-detector distance 60 mm, collimat@rmm. Reflections collected/unique  28873/5513

Data reduction was done by SAINTPLE&Spsorption [R(int) = 00637]
correction using an empirical method (SADABS)Max. and min. transmission  [8¥28 and 8072
structure solution using SHELXS-9@nd refinment Refinement method 'lzu”';“a”ix -
usi_ng SHE.LXL-Q?{? Allnon-hydrogen atoms were ata/restraints/parameters 228137(()1;21&1?8
refined anisotropically. Hydrogen atoms on Salpgoodness_of_ﬁt orF2 1143

ligand and DMF solvents were introduced on calCy&inal R indices [ > 2 sigmal)] R1 = 00618,

lated positions and included in the refinement riding WR2 = 01173

on their respective parent atoms. Additional detaif$/WR. (all data) 00831/01243

t diff. peak/hole (€  0281/-0330

of the data collection parameters and refinement dr@'9€s
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The complex1 crystallizes in the monoclinic The basic structure ol is a Mn(lIN-Cu(ll)-
space groupP2/c. The asymmetric unit of [Mn Mn(lll) trinuclear heterometallic entity, which is
(salph)(HO)];[Cu(mnty][@DMF (1), consisting of a formed by two penta-coordinated Mn(lll)amoca-
manganese complex cation [Mn(salphy@]**, half tionic [Mn(salph)(HO)]** complexes and tetra-
of [Cu(mnty]* complex anion and two DMF mole- coordinated Cu(ll) complex anion [Cu(myjf). The
cules, is presented in figure The thermal ellipsoi- geometry around the Mn centre in the complex [Mn
dal plot of the full molecular structure df is (salph)(HO)]** is distorted square pyramidal, in
depicted in figure 2. Bond angles and bond lengthghich the equatorial positions are occupied by two
are given in table 2. nitrogen and two oxygen atoms of Schiff base ligand

salph (see figures 1 and 2) and a water molecule is
C2% s coordinated to the manganese centre from the apical
position. The five-coordinated Mn(lll) ion is situated
N 0059 A above the pD, plane of the Schiff base.
Out-of-plane displacements I® and @05 A) are
also found in the structures of similar compounds
[Mn(salen)CIf and [Mn(salen)-F-CsH.,NO,]*° re-
spectively. The anion [Cu(mnt)> has a planar
structure, in good agreement with other relevant lit-
erature data! Two [Mn(salph)(HO)]** cations and
one [Cu(mnt)]* anion interact through a strong
Mn---S interaction (scheme 1, figures 1 and 2)
and form the compound [{MH (salph)(HO)},
{Cu"(mnt)}] in (1). The formation ofl can be ex-
plained by theMn---S contact that communicates
between the vacant coordination site of manganese
(an apical position opposite to the water apical posi-

Figure 1. Thermal ellipsoidal plot (30% probabilit%/) of tion) and ane .Of the dithiolate Sulphur of-complex
asymmetric unit, that contains one [Mn(salphpj™, [Cu(mnt}]™ anion. One complex anion brings two
half of [Cu(mnt)2f~ and two solvent DMF molecules. [Mn(salph)(HO)]** cations together from opposite
Hydrogen atoms are not shown for clarity. directions and forms the trinuclear hetero-trimetallic

compoundl. In compoundl, the sixth coordination
o4 gé about Mnl is completed by the above-mentioned

weak bond to S1 (the average Mn-S distance is
2923 A) from [Cu(mnt)f~ anion. Thus, in the crys-
tal structure of compound, the geometry around
the manganese ion is distorted octahedral. The Mn—
S distance irl is unusually longer. This is probably
due to its axial position in this Jahn—Teller distorted
d* system.

The copper ion is located in a square-planar envi-
ronment, formed from two dithiolene ligands. The
copper ion is deviated by@®37 A from the $plane
of two mnt™ ligands. The average GCuSc (S =
sulphur involving interaction with Mihl) cation)
distance is 270 A, which is shorter by 019 A
than the Cu—SN bond distanced89 A), in which
SN is sulphur atom, which is not involved in interac-
tions with Mn(lll) cation. The separations of MrCu
and Mn--Mn within 1 are 4220 A and 839 A re-

Figure 2. Thermal ellipsoidal plot (30% probability) of SPECtively. This Mr-Mn  separation is slightly
the full molecule. Hydrogens are not shown for clarity. Shorter than this @51 A) in the crystal structure of the
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Table 2. Bond lengths [A] and angle§][for 1.

0O(5)-C(30)
C(28)-N(6)
O(1)-C(1)
Mn(1)-0(2)
Mn(1)-N(1)
Mn(1)-S(1)
N(2)-C(13)
N(1)-C(7)
C(13)-C(8)
C(15)-C(16)
C(15)-C(14)
C(1)-C(6)
C(20)-C(19)
C(9)-C(8)
C(6)-C(5)
C(18)-C(17)
C(4)-C(5)
C(12)-C(11)
Cu(1)-s(1%
Cu(1)-S(2
5(2)—0(22%1
C(21)-C(24)
C(22)-C(23)
C(24)-N(3)
N(5)-C(27)
N(6)-C(29)

0O(5)-C(30)-N(6)
O(1)-Mn(1)-0(2)
0(2)-Mn(1)-N(2)
0O(2)-Mn(1)-N(1)
O(1)-Mn(1)-0(3)
N(2)-Mn(1)-0(3)
O(1)-Mn(1)-S(1)
N(2)-Mn(1)-S(1)
O(3)-Mn(1)-S(1)
C(14)-N(2)-Mn(1)
C(20)-0(2)-Mn(1)
C(7)-N(1)-Mn(1)
C(8)-C(13)-C(12)
C(12)-C(13)-N(2)
C(16)—-C(15)-C(14)
O(1)-C(1)-C(2)
C(2)-C(1)-C(6)
0(2)-C(20)-C(19)
C(19)-C(20)-C(15)
N(2)-C(14)-C(15)
C(5)-C(6)-C(1)
C(1)-C(6)-C(7)
C(17)-C(16)-C(15)
C(16)—-C(17)-C(18)
C(9)-C(8)-N(1)
C(11)-C(12)-C(13)
C(2)-C(3)-C(4)
C(4)-C(5)-C(6)
S(1y*-Cu(1)-S(1)
S(1)-Cu(1)-S(2
S(l)—Cu(l)—S(Z%‘

1229(6)
1460(6)
1310(5)
1873(3)
1988(3)
79226(14)
1431(5)
1295(5)
1387(5)
1409(6)
1424(5)
1417(5)
1406(5)
1381(5)
1416(6)
1379(6)
1357(6)
1370(6)
2[2698(11)
2886(12)
1(734(4)
1437(5)
1427(6)
1139(5)
1307(7)
1439(6)

1202 (5)
9775(12)
9233(13)

17086(13)
9(B7(15)
8@5(15)
9®2(10)
8mM8(10)

1786(12)

1281(3)

128(3)

12/8(3)
120(4)

121(4)
118(4)

118(4)

11B(4)

118(4)
112(4)
128(4)

118 (4)

128(4)
128(4)
118(4)

128(4)
118(4)

1224(4)

120B(4)

18MO0(5)
gas(4)

90(82(4)

C(25)-N(5)
C(30)-N(6)
O(1)-Mn(1)
Mn(1)-N(2)
Mn(1)-0(3)
N(2)-C(14)
0(2)-C(20)
N(1)-G8)
C(13)-C(12)
C(15)-C(20)
C(1)-C(2)
C(7)-C(6)
C(9)-C(10)
C(2)-C(3)
C(18)-C(19)
C(16)-C(17)
C(4)-C(3)
C(10)-C(11)
Cu(1)-S(1
0u(1)—5(é;
C(21)-C(22)
C(21)-S(1)
C(22)-S(2}
C(23)-N(4)
N(5)-C(26)
0(4)-C(27)

C(1)-O(1)-Mn(1)
O(1)-Mn(1)-N(2)
O(1)-Mn(1)-N(1)
N(2)-Mn(1)-N(1)
0(2)-Mn(1)-0(3)
N(1)-Mn(1)-0(3)
0O(2)-Mn(1)-S(1)
N(1)-Mn(1)-S(1)
C(14)-N(2)-C(13)
C(13)-N(2)-Mn(1)
C(7)-N(1)-C(8)
C(8)-N(1)-Mn(1)
C(8)—-C(13)-N(2)
C(16)—-C(15)-C(20)
C(20)-C(15)-C(14)
O(1)-C(1)-C(6)
N(1)-C(7)-C(6)
0(2)-C(20)-C(15)
C(10)—C(9)-C(8)
C(3)-C(2)-@)
C(5)-C(6)-C7)
C(19)-C(18)-C(17)
C(5)-C(49)-@)
C(9)-C(8)-C(13)
C(13)-C(8)-N(1)
C(18)—-C(19)-C(20)
C(9)-C(10)-C(11)
C(12)-C(11)-C(10)
S(1§-Cu(1)-S(2
S(1j*-Cu(1)-S z%l
S(2)-Cu(1)-S(2)

B43(6)
098(6)
B64(3)
1982(3)
2184(4)
B02(5)
B16(5)

11422(5)
B99(5)
@10(6)
©07(6)
©26(5)
B69(6)
B66(6)
B70(6)
B60(6)
B91(6)
B78(6)

[2698(11)

2(2886(12)
B59(5)
@43(4)

1(734(4)
M47(5)
B44(7)
36(7)

129(3)
1732(13)
9B7(13)
8B8(13)
983(14)
9®3(14)
g07(9)
886(9)
129(3)
118(2)
12(3)
113(2)
118(3)
118(4)
173(4)
128(4)
129(4)
173(4)
120(4)
1205(4)
1177(4)
120(4)
1183(4)
118(4)
118(3)
129(4)
170(4)
128(4)
9m2(4)
8918(4)
18000(3)

(Contd..)
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Table 2. (Contd..)
C(22)*-S(2)-Cu(1) 10M5(14) C(22)-C(21)-C(24) 129(4)
C(22)-C(21)-S(1) 123(3) C(24)—C(21)—S(1; 118(3)
C(21)-C(22)-C(23) 118(4) C(21)-C(22)-S(? 1233(3)
C(23)-C(22)-S(2} 1168(3) N(3)-C(24)-C(21) 178(5)
C(21)-S(1)-Cu(1) 1096(13) C(21)-S(1)-Mn(1) 1080(13)
Cu(1)-S(1)-Mn(1) 1085(4) N(4)-C(23)-C(22) 179(6)
C(27)-N(5)-C(25) 123(5) C(27)-N(5)-C(26) 114(5)
C(25)-N(5)-C(26) 11[2(5) C(30)-N(6)-C(29) 118(4)
C(30)-N(6)-C(28) 122(5) C(29)-N(6)-C(28) 118(4)
0O(4)-C(27)-N(5) 1255(6)
Symmetry transformations used to generate equivalent atoms #2—y, -
@ ¢ ; Ty o8
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Figure 3. (a) Hydrogen bonding interactions that involve two [Mn(salphfii** complex cations and two DMF

molecules. lf) The chainlike arrangement formed by hydrogen bonding interactions. Colour code: C, black; O, red; N,

blue; S, yellow; Mn, gray; Cu, cyan.

previously reported Mn(lII)—-Cu(ll)-Mn(lll) trinu-
clear heterometallic system, in which the three com-
plexes are linked by Mn-O contdétin the crystal
structure ofl, the Mn(lII)-S—Cu(ll) angle is 108

Interestingly, the non-covalent intermolecular in-
teractions (such as hydrogen bonding amner inter-
actions) among trinuclear complexes play an important
role in constructing a new type of supramolecular
assembly. The oxygens of two solvated DMF mole-
cules undergo bifurcated hydrogen-bonding interac-
tions, that involve coordinated water hydrogens (H3A
and H3B, see figure 3a) from a trinuclear complex
and two aromatic hydrogen atoms (H18 and H19,
see figure 3a) of an adjacent trinuclear complex,
leading to a chainlike arrangement (figure 3b). The
linking region is a nine-membered ring, formed by
two DMF molecules and two manganese complexes
as shown in figure 3a. The relevant hydrogen bond-
ing parameters are given in table 3. Therinterac-

Figure 4. The 7= interactions among the trinucleartion between trinuclear complexes, in which the

compounds. Colour code: as in figure 3.

mean plane separation (MPS) i®@8 A, is shown
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(b)

Figure 5. (a) Molecular packing in the crystal structurelo§howing a porous type of supramolecular framework.
(b) A close view of the packing diagram. Colour code: as in figure 3.

Table 3. Hydrogen bonding parameters in the crystal structurke of

D-H---A d(D---H) dH-- A d(D---A) < (DHA)
O3-H3A--05™ 082 186 2664(5) 1654
03-H3B--04% 073(4) 198(5) I712(5) 174(6)
C19-H19..04" 093 250 3425(6) 1738
C18-H18..05" 093 85 3561(6) 1651

Atoms with additional labels #1, #2, #3, and #4 are related to each other by symmetry
operations: #X,y — 1,7z, #2x, -y + 1/2,z— 1/2, #3X,y,z— 1, #4x, -y + 3/2,z— 1/2

T T T T
250 300 350 400
H/mT

Figure 6. ESR spectrum of at liquid N, temperature
in DMF solvent.

in figure 4. The combination of the above described
hydrogen bonding and-rrinteractions results in the
formation of porous type of supramolecular frame-
work as shown in figure 5a. In this framework, the
chainlike arrangements (formed by H-bonding inter-
actions) are brought together byt interaction,
which is more clearly shown in figure 5b.

The ESR spectrum of compouddwas recorded
at liquid nitrogen temperature in DMF solution (figure
6). The ESR spectrum, originated from [Cu(rjAt)
gets resolved due t5Cu nucleus and is considerably
perturbed by the presence of paramagnetic manganese
complexes interacting with copper complex (see
also figures 1 and 2).

The electronic absorption spectrumlofn DMF
solution is shown in figure 7. This is characterized
by absorptions withl,.x at 286 nm an@24 nm and a
shoulder at 430 nm (figure 7a). A weak feature is ob-
served at 1200 nm (figure 7b). The absorption band
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Figure 7. Electronic absorption spectia (a) 1x 10° M 3
and p) 1x 10° M in DMF at room temperature.

in the near-IR region is assignedded transition for
a CUJ" ion present in [Cu(mnf)?~ complex anion.

4. Conclusion 6.

We succeeded in demonstrating that two [Mn(salph)
(H,0)]** Schiff base cationic complexes recognize a
[Cu(mnt)f~ dianion mediated by MAS—Cu-S--Mn

strong supramolecular interaction. In other words, the

anionic [Cu(mnt)]” complex precursor is capable of 8.

functioning as a bridging ligand to give rise to a
Mn(IID—Cu(ID-Mn(lIl) heterometallic trinuclear
system induced by MnS interaction. In the near

future, we intend to explore the chemistry of otherg

similar heterometallic systems with magnetic pro-

perties by choosing different [M(Schiff basé)om- 11.

plex cations (M= M@, Fe* and Cf") and
[M(dithiolate),]™ anions (M = Ni*, Pd", P£*). Taking

S
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