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Tetranuclear [Cugl{ (S,S)-Pr-pybox}.] (1) and dinuclear [Cu,Cl-
{(S,S)-Pr-pyhox} ,][CuCly] (2) copper(l) complexes have been
synthesized by reaction of ‘Pr-pybox with Cul and CuCl, respec-
tively. Furthermore, dinuclear [Cux(R-pybox).][PFe]. [R-pybox =
(R,R)-Ph-pybox (3), (S,S)-Pr-pybox (4)] and mononuclear com-
plexes [Cu(R-pybox),][PFe] [R-pybox = (R,R)-Ph-pybox (5), (S,S)-
PPr-pybox (6)] have been prepared by reaction of [Cu(MeCN)4][PFg]
and the corresponding pybox. The structures of complexes 1-3
have been determined by X-ray diffraction analyses.

Since the first report by Nishiyama et al. in 198%eC,
bis(oxazolinyl)pyridine complexes have been increasingly
used in asymmetric catalysisAlthough pybox behaves
usually as a tridentate ligarfda few examples of pybox
acting as a bidentate ligand have been repcrtddreover,
we successfully synthesized the complexes{[S%)-Pr-
pybox (CO)L,]"™ (L = phosphine) which represents, to the
best of our knowledge, the uniqgue example wherein the
pybox ligand shows a monodentate coordinatibnaddition,
several di- and trinuclear complexes are also known: (a)
double- and triple-helical complexefAgA (SS-Bz-pybox -
[BF4]2 and [Ag{(R,R)-Ph-pybo%3][BF4]s, and (b) the di-
nuclear rhodium(lll) complex [Rifu-Cl)(Me).ClA{ (S,S)Pr-
pybox)][OTf] containing a tridentate pybox around each
rhodium catiorf.
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Continuing our interest in the chemistry of transition metal

complexes containing enantiopure pybox ligahds, well

as in the coordination chemistry of coppef{l\e found it

of interest to prepare new copper{pybox complexesand

to subsequently explore their potential in asymmetric catalytic
processes. In the past years’ studies of asymmetric catalysis
cyclopropanationd? allylic oxidation!* azide-alkyne cyclo-
addition’? and synthesis of propargylamiréshave been
undertaken using in situ prepared copperflybox catalysts.

The reaction of a suspension of Cul in acetone WgB)¢
iPr-pybox (ca. 2:1 molar ratio, 2%C) affords the complex
[Cusl4(Pr-pybox}] (1) as a garnet-brown solid in 90% yield
after workup. On the other hand, using CuCl and a 3:2 molar
ratio results in the rapid formation of a brown solution from
which the complex [CiCI(Pr-pybox}][CuCl,] (2) is isolated
in 92% yield as an air-stable brown solid. Furthermore, the
dinuclear comple is exclusively formed by using a CuCl/
pybox molar ratio of 2:1 or 3:2 (Scheme 1).
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Moreover, the reaction of [Cu(MeCN)PFe] with 1 or 2
equiv of Ph-pybox ofPr-Pybox (CHCl,, 25 °C) provides
the dinuclear complexes [GIR-pybox}][PFe]. [R-pybox=
(R,R)-Ph-pybox 8) (93% yield), §S-'Pr-pybox @) (90%
yield)], as a sole diastereoisomer (vide infra), or the mono-
nuclear complexes [Cu(R-pybeg¥PF¢] [R-pybox = (RR)-
Ph-pybox 6), (S9-'Pr-pybox 6), (65 and 50% yield,
respectively)] (Scheme 2). The mass spectra (MALDI) of
complexes and6 show the base peak atz 821 ([Cu(Ph-
pyboxy» — 1]%), and m/z 665 ([Cu(Pr-pybox} — 1]*),
respectively:*

Furthermore, the nuclearity dfis retained upon reaction
with NaCl to produce the complex [@DI(Pr-pybox}][PFe]
(24a).

Crystal Structure Determination of Complexes 1, 2,
and 3 by X-ray Diffraction. > Complex1 shows a distorted
step structure, which is usual for molecules with aCu
core’® with torsion angle values of155.97(5) (Cu(1)-
1(2)—Cu(3)-1(4)) and—154.95(5) (1(1)—Cu(2)-1(3)—Cu-
(4)). The angle valuesHCu—I are in the range of 108.10-
(5)—118.58(6J (see Figure 1 and Supporting Information).

Concerning the coordination environment of the metal, the

Figure 1.
Thermal ellipsoids are shown at 20% probability. Hydrogen atoms are
omitted for clarity. Selected bond distances (A): Ct{@u(4), 2.515(2);
Cu(1)-Cu(2), 2.480(2); Cu(2yCu(3), 2.742(2).

ORTEP drawing ofl showing the atom-labeling scheme.

Figure 2. ORTEP drawing of2 showing the atom-labeling scheme.
Thermal ellipsoids are shown at 20% probability. Hydrogen atoms and
CuCh~ anion are omitted for clarity. Selected bond distances (A) and angles
(deg): Cu(1)-Cu(2), 2.6686(9); Cu(hCl(1)—Cu(2), 70.03(3); Cu(y
ClI(1), 2.3254(12); Cu(2)ClI(1), 2.3254(12).

while the central copper atoms are bonded to three iodine
atoms and to the nitrogen of an oxazoline ring. On the other
hand, the iodine atoms are coordinated to two or three copper
atoms.

Complex2 consists of a dimeric cation [GGI{ (S9)-Pr-
pybox 5] and an uncoordinated [Cut anion. Each copper
atom is bonded to the imine and pyridine nitrogen atoms of
one pybox and to the imine nitrogen of the other pybox.
The distorted tetrahedral coordination around each copper
is completed by one chlorine atom bridge. No significant
differences between the corresponding distances and angles
around each copper are found (see Figure 2 and Supporting
Information).

Moreover, the X-ray structure analysis of compBshows

terminal copper atoms are coordinated to two iodine atoms a dimeric cation [Ci{ (RR)-Ph-pybo}]?* and two uncoordi-

and to the imine and pyridine nitrogen atoms of one pybox,
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nated Pk anions. The two copper atoms have different
coordination environments showing linear and distorted
tetrehedral arrays. Thus, Cu(2) is coordinated to two imine
nitrogens of two pybox molecules forming an N(4Ju(2)—
N(1) angle of 178.9(3) while Cu(l) is bonded to the
remaining imine nitrogens and to two pyridine nitrogens. The
Cu—N distances for the di-coordinate copper are shorter than
those for the four-coordinate copper. The cation complex
was isolated as a singl® [R,R-diasterecisomer in which
the two pybox ligands are twisted around the Ce{Cu(2)
axis in a way to generate a double-helical structure with
helicity .1’



Figure 3. ORTEP drawing of3 showing the atom-labeling scheme.
Thermal ellipsoids are shown at 10% probability. Hydrogen atoms and the
PR~ anions are omitted for clarity. Selected bond distances (A) and angles
(deg): N(4)-Cu(2)-N(1), 178.9(3); Cu(L)Cu(2), 2.6600(13).

The Cu-Cu distances in the dinuclear comple2esnd3
(2.6686(9) and 2.6600(13) A, respectively), as well as those
in the tetranuclear derivative (2.480(2)-2.742(2) A), are
consistent with nonbonding GtCu contactg®

NMR Spectra. Variable-Temperature 'H NMR Experi-
ments. The structure of complexels-3 in the solid state is
not maintained in solutio®’ The 'H and **C resonance
signals (293 K) of all the complexed&-6) in solution are
fully consistent with the presence ofZa symmetry. Lower-
ing the temperature (MEO-Us, 293 to 183 K) had no
noticeable effect on the spectra of complex@sand 6,
whereas significant changes were observed for complexes
and 2. The changes for complek are as follows. (i) The

spectrum at room temperature accounts for a single species

(ii) the singlet signals broaden at 23313 K, (iii) at 203 K
can be observed at least two species, (iv) the signals of on

species sharpen around 203 K, while those of the other
species split around 193 K, and (v) both species show three

inequivalent pyridine protons at 193 K. In turn, th&¢NMR
signals of comple@ broaden between 213 and 183 K, thus
proving a mixture of several species. Variable-temperature
IH NMR (Me,CO-ds) experiments reveals that compl&x
remains unchanged from 293 to 183 K. This is consistent
with a rapid fluxional process (rapid pyridine ligand exchange

between two copper atoms) which makes both copper atoms, ,

chemically equivalent. Moreover, the participation of a three
T-shapeé® mononuclear complex [Cu(Ph-pyboX)vith a
tridentate coordination of the pybox ligand or the occurrence
of an equilibrium involving mononuclear and binuclear
complexes cannot be ruled out in solution.

(17) TheP helix was also found in the complexes L(59)-'Pr-pybox 7]-
[OTf]2° and [Ag{(SS)-Bn-pybox 2][BF 4] °.
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(20) (a) Sorrell, T. N.; Malachowski, M. Rnorg. Chem1983 22, 1883-
1887 and references therein. (b) Blackburn, N. J.; Karlin, K. D;
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On the other hand, a tetrahedral copper environment
resulting from bidentate coordination of two pybox ligands,
probably through the pyridine nitrogen and one oxazoline
nitrogen, is expected for complex&sand 6. In this case,
the room temperaturéH and 3C NMR spectra are also
consistent with the existence of G symmetry of pybox
ligand. Variable-temperaturéd NMR (Me,CO-ds) spectra
prove that comple® remains unchanged from 293 to 183 K,
in accordance with a rapid exchange process which makes
both oxazoline groups chemically equivalent. The existence
of a fast pybox dissociation process even at 183 K cannot
be excluded.

Our preliminary results indicate that the nuclearity of the
complexes, and consequently the copper environment, is
strongly dependent on the precursor employed. We believe
that these findings can provide insight not only into the role
of different copper-pybox systems in asymmetric catalysi8
but also into the real nature of the active catalytic species,
which is presently almost unknown, though their impact in
terms of conversion and chiral induction is well docu-
mentec?! Although the model based on the monomeric
T-shaped copper complex as the active catalytic sgégs?
appears to work well for the reactions catalyzed by CuOTf
PhH-pybox or [Cu(MeCN]*-pybox?! we think that a planar
structure with two equivalent, tricoordinate copper centers
arising in solution from complexes, 4, and [Cy{(S9-
iPr-pybox ,][OTf] 2 ® should be considered as a real alterna-
tive. This C,-symmetric, active catalyst would allow for
coordination of the reagertthrough any copper center from
the less-hindered side. Moreover, the participation of com-
plexesl and2, which would produce a number of tetrahedral,
halogen-containing pybexcopper species in solution, would
explain the poor efficiency found for CuCl or Cupybox
catalysts. On the basis of the results herein reported, we
consider that the general proposal involving a unique active
copper speciesa C,-symmetric tridentate mononuclear com-
plex [Cu(3-(N,N,N)-pybox] —is not fully satisfactory, as it
is definitively dependent on the copper precursor, and
consequently, additional work is required.
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(21) Representative examples: (a) Enantioselective synthesis of propargyl-
amines catalyzed by copper(l) salt/Ph-pybox (Cu®hH: 90%
conversion, 83% ee; CuBr: 90% conversion, 18% ee; CeSBE%
conversion, 79% eé¥P (b) Allylic oxidation of olefins catalyzed by
copper(l) saltPr-pybox-diph: (CuOTPhH: 87% yield, 73% ee;
CUuCN: 48% yield, 42% ee; Cul: 37% yield, 9% €é&).

(22) For example, see: ref 13 (coordination of alkynyl and imine groups
in the synthesis of propargylamines) and ref 11 (coordination of
benzoate and alkene groups in the allylic oxidation of olefins.
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