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Association of chiral [CuL,]" complexes (L = 2-R-phen, 6-R-bpy,
and 2-iminopyridine) with TRISPHAT (tris(tetrachlorobenzene-
diolato)phosphate(V)) anion leads to NMR enantiodifferentiation,
which can be used to determine the kinetics of racemization of
the complexes.

1,10-Phenanthrolines (phel), 2,2-bipyridines (bpy.2),
and 2-iminopyridines3) have been widely used as ligands
for Cu(l). The derived pseudotetrahedral complexes are
sensitive to oxidation, and bulky substituents are usually Figure 1. Stereodynamics among diastereoisomeric [gful-4] ion pairs.
introduced in positions adjacent to the N-coordinating atoms . )
to provide steric inhibition to the geometric reorganization _ AS mentioned, unsymmetrical 2-R-phen, 6-R-bpy, and
that occurs upon oxidation. The ligands can be unsym- 2-iminopyridine ligands form chiral bis(diimine)copper(l)
metrical, always in case of compoun@sand their com- complexes (Figure B pof which the configurational stability
plexation to a copper(l) atom results in the formation of chiral can be evaluatitg by NMR using ligands containing enan-
[Cul,]* adducts (Figure 1)2 VT-NMR evaluation of the tiotopic groups**%Upon complex formation, these substit-
configurational stability of these complexes was previously uents become diastereotopic, and separated NMR signals are

observed when the stereodynamics are slow on the NMR
reported using ligands that evidenced nonequivalent signals
4 time scale. The determination of the racemization barriers
upon complex formatioh* Herein, we present another

. . s then performed by VT-NMRAG* ~ 58—64 kIkmol in
method based on the use of a chiral counterion as the sourc¢|3CDC|3) E y A !

of NMR differentiation. Simple bpy, phen, and iminopyridine
ligands can be used, and the configurational stability of their
chiral adducts is compared.

Unfortunately, this efficient method cannot be applied to
complexes made of ligands deprived of enantiotopic sub-
stituents. For these substrates, it occurred to us that a chiral
counterion could be the source of NMR differentiation. The
association of chiral cationic [Cy]lf complexes with
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enantiopure anions would form diastereoisomeric salts, and
distinct NMR signals could thus result from the asymmetric
ion pairing® Previously, the synthesis and resolution of tris- (o) M
(tetrachlorobenzenediolato)phosphate(V) or TRISPHAT,
was reported. This chiral anion A and A enantiomers) is " 91 89 87 85 83 81 79 77
an efficient NMR chiral shift and resolving agent for organic Figure 3. H NMR analyses (CDGJ 400 MHz, 298 K) of salts (a) [Cu-
and organometallic derivativé$lts overall efficiency as an  (1b)2][PFg] and (b) [Culb).[A-4]; de 16%.
NMR chiral shift agent for chiral cationic derivatives led t0  1.11c 1. Relevant Data for the Stereadynamics among
its use for the proposed study. Diastereoisomeric [Cufl[ A-4] lon Pairs

Several unsymmetrical phen and bpy ligands were pre-

——

) . oS entry ligand R de[%] AA62 TP AGHe
pa_r_ed foII_o_wmg prevu_)ugly reported conditioHsNucleo- 1 a Vo 0 0108 5328  >680
philic addition of alkyl lithium reagents to parent compounds 2 1b n-Bu 16 0.156 >323  >66.0
1 or 2, followed by the rearomatization in the presence of 3 lc t-Bu 0 0.03(3 >328 >7138

i ; R 4 2a Me 10 0.03 303 65.0

an excess of manganese .dIOXIde, aﬁorde.d ligands 2-R-phen p b BU 4 0.048 313 o
(1a—c) and 6-R-bpy 2a—c) in low to good yields (16-95%; 6 2c t-Bu 7 0.032 263 56.8
R = Me (a); n-Bu (b); t-Bu (c); Figure 2). Formation of the 7 3c t-Bu 9 0.023 285 62.5
8 3d i-Pr 9 0.028 267 58.2

corresponding [Cul][PFg] salts was performed by reaction
of the ligands with [Cu(CHCN)4[PFe] in acetonitrile. , 21n ppm.®In Pf< ¢In kImol%; AG* = RT¢(22.96+ In(Td/(Av? + 639)).
Association of these complexes with aniér was realized Ha. ©H(t-Bu). " In CDCl2. ® H(imine).

by chromatography under previously described conditions

and afforded ion pairs [Clié—c),][A-4] and [CuRa—c),]- 50 °C HE™ )| JU\

[A-4] as the first eluted fractions (SYCH,Cly, Rr = ~0.6—

0.9, 62-9506)12.13 40°C A VAN
The effect of aniort as a chiral shift reagent was simply

demonstrated. Solutions of [CLg—c);][A-4] salts were 30°C A_Jhp

prepared (CDG) and analyzed by'H NMR at room i \ N,

temperature. Because of the presence of TRISPH\Ti{e 20°C

spectra of diastereomeric§¢Cu(la—c),][ A-4] and [(R)-Cu- 10°C M

(1a—c),][ A-4] complexes showed partial or complete separa-

tion of the signals (Figure 3). Of all the split signals, those 0°C M JUWL

of higher-frequency H9 protons were particularly easy to

monitor. For salt [Culc),][ A-4], proton H8 was better split -10°C M

than H9; this most probably indicates that the steric bulkof ~ ————————————

thetert-butyl groups hinders the approach of the TRISPHAT 870 858 846 834 822

anion along theC,-axis of the complex. Rather large Figure 4. Variable temperaturéH NMR (CDCl;, 400 MHz, § 8.75—

. - : . 8.10 f[C A-4). Te (Ho) = 303 K.
differences in chemical shifta\Admax = ~0.156 ppm) were ppm) of [Cuka][A-4. Te (Ho)
observed for analogous protons allowing the determination

of the asymmetric induction, or the lack of it, by integration

(8) Chiral ligands (L*) can also be used to induce an NMR differentiation. ©Of the respective signals (diastereomeric excess (de), Table

However, a high diastereoselectivity is often observed upon complex 1),
formation, meaning that only the signals of the major diastereomer

appear: see ref 2d. However, room temperature NMR analyses of bpy-derived
(9) Lacour, J.; Ginglinger, C.; Grivet, C.; Bernardinelli, 8agew. Chem., _ _

Int. Ed. Engl.1997, 36, 608-609. Lacour, J.; Ginglinger, C.; Favarger, [C“Qa C)Z][A 4] ,Salts reve,aled broad resonanpes or lack

F. Tetrahedron Lett1998 4825-4828. of signal separation (see Figure 4 and Supporting Informa-

(10) Monchaud, D.; Jodry, J. J.; Pomeranc, D.; Heitz, V.; Chambron, J.- tion). Rather than consider the presence of Cu(ll) species in
C.; Sauvage, J.-P.; Lacour,Ahgew. Chem., Int. EQ002 43, 2317~ . . . .
2319 and references therein. the medium, we reasoned, in view of the results obtained

(11) Eietricf};B'tllchgclker,_ <\3/ g.; é\lifreglagten,cﬁ. F.;Sszggggleial P.; by Thummel and Van Kotef? that dynamic processes were
rmaroll, N.; balzani, V.; De Cola, . AM. em. S0 .
11237-11244. Dietrich-Buchecker, C.; Jimez, M. C.; Sauvage, J.  occurring and that the spectra were recorded a_round or above
w2 P. Tet;']ah%dron Lett1999 40, 3395—3396. the coalescence temperatures. VT-NMR experiments on salts
12) Monchaud, D.; Lacour, J.; Coudret, C.; Fraysse).SOrganomet. _ _ _ _ .
Chem.2001, 624 388-391. [Cu(la—c),][A-4] and [CuRa—cC);][A-4] were thus per
(13) [Cinchonidinium]A—4] (dr > 39:1) was used for the ion exchange. formed (253-328 K) and revealed rather different results
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depending upon the nature of thesubstituent and upon (AG* = ~58.2 kdmol™* in CDCl).2 For the derived
the diimine backbone. TRISPHAT salt [CuBd),][ A-4], well separated signals were
For bpy-derived [CW{la—b),][ A-4] salts, dynamic con-  observed at low temperature for most of the protons. The
figurational isomerism was detected as a separation of theracemization barrier was determined using the signals of the
NMR signals occurred at lower temperature (coalescenceimine hydrogen atoms, and a value in complete agreement
temperature for Heprotons, T, = ~303—313 K, Figure 4, with the previously reported result was obtainestGf =
Table 1). Racemization barriers were determined fiiym ~58.2 kdmol~tin CD,Cl,) demonstrating without ambiguity
Av, andJ values AG* = ~65—67.4 kdmol™ in CDCly)’ that TRISPHAT anion does not modify the kinetics of
and are similar to those obtained by Thummel et Bbr racemization of the Cu(l) complex. A slightly higher barrier
salt [Cu@c);][A-4], faster stereodynamicsAGH = ~56.5 was measured for complex [Gd),][A-4] using the split
kJ-mol~t) were monitored as lower coalescence temperaturestert-Butyl signals (Table 1, entry 7).
were measured for the H&ndt-Butyl protons [, = ~263 In conclusion, we have shown that TRISPHAT anibis
K). In this particular case, the steric bulk of tkert-butyl an efficient NMR chiral shift agent for pseudotetrahedral Cu-
groups seems to destabilize the Cu(l) complex, enhancing(l) complexes and that the observed NMR enantiodifferen-
the lability given by the bpy backbor&For phen complexes  tiation can be used as a tool to measure the kinetics of
[Cu(la—c)z][A-4], only reduced differences in chemical racemization. Rather subtle differences upon the nature of
shifts (AAJ) for the split signals of protons H9 or H8 were  diimine backbone and its substituent were observed that
observed at high temperatures demonstrating a higherwould have been, otherwise, difficult to monitor. We feel
configurational stability for these derivatives (Table 1, entries that this method is quite general and could be applied to
1-3).15 many chiral mono- and polynuclear transition metal com-
Copper(l) complexes of unsymmetrical pyridine imine plexes.
ligands Bc, R = t-Bu, and3d, R=i-Pr) were also prepared i
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