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Various mono- and his-Zn" complexes derived from salphen ligands
have been conveniently transmetalated with a number of transition
metal (TM) acetates (M = Ni, Pd, Mn) in THF to afford their
respective TM—salphen counterparts in excellent isolated yields
(80—100%). This new transmetalation procedure allows in situ
switching between supramolecular and catalytic functions of the
metallosalphen complex.

Catalysis is at the forefront of science, playing an im-

i Estudiz@ncats (ICREA),

ated by a change in or accommodation of a higher oxidation
state of the metal ion complexed by the salen ligand.
Recently, we and others have been active in the develop-
ment of new applications for salen frameworks with an
emphasis on its supramolecular poterttia particular, Z#-
based salphen [salphen N,N'-phenylenebis(salicylidene-
imine)] structures have been identified as excellent, nonre-
active supramolecular components/templates. Their supra-
molecular potential has been recently used in the assembly
of new homogeneous catalysts that showed unconventional

portant role in the development of more sustainable chemicalSelectivities and reactivities, as well as in noncovalently
and pharmaceutical processes. In the field of homogeneousssembled boxlike structuréShe Lewis acidity of the Zh

catalysis, salen liganés$iave been investigated for many

ion in these complexes allows easy formation of five-coor-

years. Currently these compounds are among the most widelydinate, (distorted) square pyramidal surrounded iinthe

developed ligands in the catalysis toolbox of modern Presence of suitable donor systems including pyridines,
Chemistry for a range of Organic transformations. Many furans, alCOhOlS, nitr”es, and wateWe envisioned that the

synthetic approaches toward metallosalen complexes arehigh Lewis acid character of the Zrmetal center in the

known that start off with double Schiff base precursors.
These precursors commonly originate from a condensation
process involving 1 equiv of a diamine and 2 equiv of salicyl-
aldehyde or ketone analogue. Their respective metal salts
are generally easily obtained by treatment with acetate-based
metal precursors or via activation of the two phenolic
positions with a strong base (e.g., BuLi or ZpEt The
resultant metallosalen frameworks are thermally and kineti-
cally stable entities controlled by the presence of a tetraden-
tate ligation mode of the )XD, pocket that is characteristic

of the salen ligand. This stabilization ability allows, for
instance, the creation of vital catalytic intermediates gener-
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Scheme 1. Synthesis of Compound®-6 via Transmetalation

Scheme 2. Transmetalation of Zh-salphens8—11

Figure 1. X-ray molecular structure fot1 with the adopted numbering
scheme. Co-crystallized solvent molecules and H atoms are deleted for
clarity.

protons as compared to the Zn(salphens) (see Supporting
Information). For3, the imine groups resonate at 8.74 ppm
(acetoneds) while the parent Zhcomplex showed a single
imine peak much more downfield (9.05 ppm). We then
salphen complexes may be used as a starting point for thegytended the approach toward other TMs, and compléxes
preparation of TM-derived complexes through a transmeta- (M = Pd', 82%) and5 (M = Mn'"CI, 89%) were obtained
lation proceduréto furnish thermodynamically more stable iy high yield using similar preparations. The simple isolation
structures. If successful, this could open pathways 10 of complexs illustrates the usefulness of the transmetalation

multipurpose systems of which the (catalytic) properties may procedure, since Mh-centered salens have a long-standing
be controlled via in situ exchange of the metal ion, or simply {radition in homogeneous cataly&bs.

lead to the selective exchange of Zn centers for other TM  |nerestingly, in the case @f, the initial transmetalation

ions in multimetallic salphen derivativéshereby potentially prot0col was carried out at RT and proved to be much slower
giving access to interesting heterometallic structures. Herein s compared t6 ands, and only a conversion of 8% was

we communicate a versatile synthetic approach aimed atgpiained after 3 h. This points at some steric effect of the
metal exchang_e within Zir-salphen structures gnd the main 3-positionedt-Bu groups in the salphen ligand upon metal
factors governing the rate of metal exchange in the Salphenexchange with larger metals ions. This was further cor-

framework. To our knowledge, this is the first example of a 5 5rated by the synthesis 6f92%) which proceeded via
transmetalation process within a tetradentate salen frameworan(Sa|phen)2 (note the absence of 3Bu groups), and an

with an ample scope. , _ almostimmediatecolor change from yellow to deep red was
Our first attempt at metal exchange was carried out wWith ote4 in contrast to the synthesis %
Zn"-salphen compled and 1 equiv of Ni(OAc)-4H,0 at '

X X Next, the transmetalation procedure was examined for a
RT using THF as the solvent. Although THF will occupy

! . N } Y range of different (non-)symmetric Zn(salphens) with either
the fifth, apical coordination site and therefore may stabilize electron-donating or -withdrawing groups located at the
the zri —salphen in solutioffia gradual change in color from 0y} side-groups to further investigate the scope of the

yellow to red of the reaction mixture was noted in time which - yice\ered transmetalation procedure. Zn(salphen) complexes
was attributed to Nli-salphen formation. The drastic color 8—11 were prepared in good yields (688%) using the

change andH NMR spectroscopy proved to be both very o aviqusly reported monoimiriz(Supporting Informatioriy
helpful tqols to determine thg tlme—dept_andency of the d.eswed and a recently published one-pot, two-step procedusd.
conversion. Under the applleq conditions, a conversion of new compounds were fully characterized (see Supporting
_12% Was_observed after 15 min, and.compse/xas |so!ated Information) and for the pyridine adduct dfl, the X-ray
in 95% yield after 16 h and appropriate workup. Since the crystal structure was also determined as a representative

mgégl cgpter in the I:if—tsalphen comlpljlexbis muc;flesshLe.wi.s model for nonsymmetric Zn(salphen) complexes (Figure 1).
acidic, diagnostic shits are generally observed for the imine Complex11was crystallized from bulk CECN containing

(7) For a transmetalation process carried out with oxime-based salen about 5% pyrldlne (V/V)' As expected, the structure ar

derivatives: Akine, S.; Taniguchi, T.; Nabeshima,Ahgew. Chem. shows a pentacoordinated Zn center with the axial coordina-
Int. Ed.2002 41, 4670. However, in these_struptures only the central tion site Occupied by a pyridine Iigand. Furthermore, the
all-oxygen-coordinated lanthanide metal ion is replaced whereas the
‘salen’-ligated metal centers (M Zn) remain unaffected.
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2480. (c) Ma, C. T. L.; MacLachlan, M. Angew. Chem., Int. Ed (see Supporting Information) revealed both an electronic and a steric
2005 44, 4178. (d) Gallant, A. J.; MacLachlan, M.Angew. Chem., influence in the transmetalation protocol.
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central NO, pocket of the salphen ligand seems readily Scheme 3. In Situ Transmetalation of bis-salphe#n, Complex17
accessible for suitable electrophiles (cf. metal reagent) since
one of the two phenyl side-groups is not substituted at the
3-position. Interestingly, the crystal enclosed two distinct
conformations forl1 for which a number of bond distances
and angles around the centrab@y pocket were clearly
different??13The axial pyridine ligand in both conformations
showed no disorder but is nonsymmetrically situated above
the plane defined by the N and O atoms of the salphen
ligand**

The transmetalation procedures that invoh&el1l af-

fording Ni(salphens}2—15were simply visually followed, 17 was generated in situ and directly submitted to the
and full conversions were supported in all cases by separateransmetalation protocol by changing the solvent from MeOH
'H NMR analyses. It should be noted that the color change to THF, but essentially without isolation of intermediafe
(from yellow-orange to deep red) in the casel@-13was  After the addition of the Nireagent, the evident change in
significantly faster than observed for bd# and15, which color from orange to deep purple-red unambiguously revealed
points at an electronic influence of the pendant groups onthe formation of bis-Ni—salphen18, and this compound
the salphen framework. Complex2—15were isolated in  was isolated in 88% yield. MS analysis provided unambigu-
excellent yield (96-100%) and fully analyzed by NMR, MS,  ous evidence for the formation a8 since the presence of
and elemental analyses (Supporting Information). In par- two Ni centers is easily recognized in the observed isotope
ticular, Ni(salphen) derivatived2 and 13 proved to be pattern.
sparingly soluble in the common organic solvents, whichis  |n conclusion, we here present a facile and effective
ascribed to the presence of nitro-aryl groups; this causes amethod for the transmetalation of readily available sym-
fast crystallization, even from DMSO. metrical and nonsymmetrical ¥asalphen complexes. ¥#
Additionally, the transmetalation of the known bis!Zn  salphen derivatives have recently proven to be excellent
complex of tetraiminel6* was considered as a probe for supramolecular building block856°An appropriate trans-
the introduction of multiple TM metal centers in multi- metalation (e.g, a Zkfor-Mn"'" exchange, cf. compourf)
metallic Zn(salphen) species. The subject of multimetallic will allow a predetermined change in the properties of the
salen synthons is currently attracting profound interest in the metallosalphen unit. This approach will be beneficiary in
field of functional material8.The bis-ZH —salphen complex  cases where it is desired to change the catalytic/supramo-
s " O — lecular properties of the salphen complex in situ (cf., complex
(12) trigmﬁcc%ftg 29;2%3'5(2')3?!5: 1084212) el 25875507y A, 18). Besides, selective exchange of one of thé &ms in
o = 100.664(2), f = 96.051(2), y = 104.0700(10), Z =2, p = 17 affords interesting heterobimetallic metallosalphens that
gﬁégL”%’g’gé’e‘g{elc:“oggfgg?‘;&gdzfoéleé'fdepe”de”t 11004, GOF || have significance as multifunctional materials and/or
(13) For11two different disordered orientations in the crystal were found catalysts. Multistage, one-pot catalytic conversions based on
in a 56:44 ratio, which is the consequence of two distinct conforma- this expanded salen technology may now be designed to
i pyridine atoms are located o1 uniqe posiions i the crystaliaice. Produce more efficient chemical processes. Studies directed

Some small deviations are found as compared to a similar nonsym- toward this challenging goal are presently ongoing in our
metric Zn(salphen) analogue (see ref 10). Selected bond distances—|aboratory

(A)/angles(deg) fof.2 with esd’s: Zn(1)}-O(1)= 1.9760(11), Zn(1¥ )

0(2) = 1.9972(11), Zn(XN(2) = 2.016(16), Zn(1yN(1) =
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