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The degree of diastereoselectivity in the wrapping of four new Scheme 1. Two Possiblefac—fac Wrapping Modes of Chiral Salan
. . . I Ligands around an Octahedral Titanium Center

chiral Salan ligands to form chiral-at-metal titanium complexes

ranged from mild to perfect as a function of the ligands’ N

substituents; the enantiomerically pure complexes catalyzed the

addition of diethyl zinc to benzaldehyde in 73—-76% enantiomeric

excess.

(R,R)-Salan (R,R)-A complex R R’ (R,R)-A complex

Asymmetric catalysis is the preferred method for prepara- o . o L
tion of chiral compounds in an enantiomerically pure form, Pléxes of fitanium and their preliminary application in
Various successful catalysts comprised of metal complexes2Symmetric catalysis.
of chiral chelating ligands have been introduced in the past The preferred wrapping mode of achiral tetradentate Salan
few years, including BINOLs, TADDOLs, and Salehs. ligands around octahedral zirconium and titanium centers is
Notably, the chirality source of most such systems is the fac—fac, leading toC; chiral complexe$?° The introduction
ligand backbone and not the ligand wrapping mode around of chirality to the Salan backbone may lead to t@ochiral
the metal; that is, these complexes areahital-at-the-metal fac—fac isomers having a diastereoisomeric relationship
In contrast, the isotactic polymerization catalystssa (Scheme 1). Walsh and co-workers reported that a chiral
metallocenesand Salan complexgareC, chiral as aresult ~ Salan ligand featuring methyl substituents on the amine
of the wrapping mode of the ligand around the group IV donors andrtho,para-tert-butyl substituents on the phenolate
metal. However, the lack of chirality of the ligand backbone rings led to a ca. 1:1 mixture of these two diastereoisorhers;
in these compounds leads to racemic catalyst mixttres. hamely, no chiral induction from the ligand backbone to the
Unraveling the factors that determine the wrapping tenden- metal was attained. The four chiral Salan ligands described
cies of chiral ligands around metal centers may lead to in this work are assembled aroutrdns-1,2-diaminocyclo-
asymmetric catalysts @redeterminecthirality at the metal. ~ hexane, featuring either H or Mé substituents, and either
In this context, we describe herein the synthesis of enantio-dichloro- or dibromophenolate substituents (L., Figure
merically pure diastereoisomerically specific Salan com- 1).

The synthesis of the ligand precursors g, was

* Author to whom correspondence should be addressed. E-mail: accomplished by a two-step reaction. First, a condensation
moshekol@post.tau.ac.il.

(1) Catalytic Asymmetric Synthesnd ed.; Ojima, I., Ed.Wiley-VCH bEtweentrans'l72'diaminqcy0|0hexane _and 2 eqUiV of the
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Scheme 2. Overlapping of Two Diastereoisomers that Feature the
Same Chirality at the Metal and Opposite Chirality of the
Diaminocyclohexane

Lig'Hy: X = CI, Y = H; Lig?Hp: X=CI, Y = Me
Lig®H,: X = Br, Y =H; Lig*H,: X = Br, Y =Me

Figure 1. Chiral Salan ligand precursors employed in this work.

chiral induction from theN-methyl-substituted ligand back-
bone to the metal was wedkInterestingly, even though
Lig®Ti(O'Pr), exists as a mixture of four stereoisomers (a
major and a minor diastereoisomer of each enantiomer), it
yielded crystals suitable for X-ray analysis (Figure 2, right).
The analyzed crystal featured the same chiral space group
(P432,2) and similar unit cell dimensions as those observed
for (R,R-Lig*Ti(O'Pr), signifying a conglomerate rather than
a racemate crystallization (a crystal featuring the opposite
chiral space group could have been chosen from the
crystallization mixture with the same probability). At first
sight, the structure of L& i(O'Pr), seems analogous to the
Figure 2. Crystal structures ofR,R-Lig'Ti(O'Pr), (left) and Lig?Ti- structure of R,_R-nglTl(O'Pr)z, evident most clearly in the
(OPr), (right). A stereochemistry around the metal center. However, a closer
examination reveals elongated atomic displacements (even
(except LigH,) were synthesized both as racemic mixtures gt the experimental temperature of 110 K) for four of the
and in enantiomerically pure forms (see Supporting Informa- sjx carbon atoms of the cyclohexane ring as well as reduced
tion). cyclohexane puckering (root mean square deviation from
Titanium diisopropoxide complexes of all of the ligands planarity of 0.143 A in contrast to the normal 0.235 A in
were readily obtained by reacting the corresponding ligand the former structure). We propose that this unusual structural
precursors with titanium tetraisopropoxide at room temper- featyre is a consequence of the co-crystallization of two
ature for 2 h. According to th#d NMR spectra, each of the  gjastereoisomers featuring the same chirality at the metal
racemic complexesac-Lig*Ti(O'Pr), andrac-Lig°Ti(O'Pr), and opposite chirality of the cyclohexane skeleton, that is,
formed as a singl€,-chiral-at-metal diastereoisomer. This (R,R-A and 6,3-A, as demonstrated in Scheme 2. The
_signifi_es that, in contrast to Walsh’s system, a perfect chiral grientation of the cyclohexane ring indicates tHRR)-A is
induction from the ligand to the metal center had taken place. the major isomer. Possibly, this structure reflects the solution
As expected, the enantiomerically pure ligarR$-Lig"H composition that is proposed to include the enantiomers
([oJo = —26, —23°) also led to single diastereoisomeric (R,R-A and 6,9-A as major diastereoisomers argl$-A
complexes (o = —125,-46). (R,R-Lig*Ti(O'Pri; crys-  and R,R-A as minor diastereoisomers.
tallized in a chiral space groupP4s2:2), the unit cell In an attempt to obtain a resolved structure with a given
containing a single diastereoisomer of crystallograglic o5 chirality, we grew single crystals of the diastereoisomer
symmetry (Figure 2, left] The chiral Salan wrapping mode . re of Lig?Ti(O'Pr), that was prepared from the enan-
aroupd the octahedral metal genter V\fas.—fac, as was tiomerically pure R,R ligand. The “normal” atomic dis-
previously observed for the achiral Salan ligands, forcing a placements of this structure supported the expected crystal-

cis disposition of the isopropoxide groups. The SrUCtUre yi;a4ion of 4 single diastereoisomer. This arbitrarily chosen
confirms the R,R assignment of théransdiaminocyclo- ¢ ysia was found isometric with the former ones and

hexane syste_?rar;d reveals that the stereochemistry of the represents theR(R)-A diastereoisomer, which had crystal-

metal center is. ) - , lized in the “opposite chiralityP4,2,2 group and is proposed
In a sharp contrast, the reaction cdc-Lig®Hp with to be the minor isomer in solution (Figure B).

Ti(O'Pr), did not lead to a single diastereoisomer. Instead, a The perfect chiral induction for Lig in contrast to the

_m|xture.con5|st|ng mpstly of ‘W@Z'Symmetf'ca'. SPECIES, 16w chiral induction for Lig“ may be rationalized by steric
in a ratio of ca. 1.5:1, was observed, indicating that the . , . .
interactions between thél substituents and the axial

(8) Crystal data forR R)-Lig'Ti(O'Pr): CaeHz4ClaN204Ti; M = 628.25;

tetragonal; space groups2:2; a = 14.9470(5)b = 14.9470(5)c = (10) A more complex diastereoisomer mixture was observed fotHaig
13.1990(3) AV = 2948.83(15) & T = 106(2) K;Z= 4; D, = 1.415 (11) Crystal data forac-Lig?Ti(O'Pr): CagH3sClaN2O4Ti; M = 656.30;
g cn3; u(Mo Ka) = 0.687 mnt!; Ry = 0.0408 andvR, = 0.0893 tetragonal; space group¥s2:2; a = 15.1060(4)b = 15.1060(4)c =
for 2493 reflections witH > 20(1); Ry = 0.0717 andvR, = 0.1140 13.1100(3) AV = 2991.59(16) & T=110(2) K;Z = 4; D, = 1.457
for all 3363 unique reflections. g cm3; (Mo Ko) = 0.680 mnt%; R; = 0.0756 andvR, = 0.1393

(9) All crystallographic measurements were made with high precision at for 2551 reflections witH > 20(1); Ry = 0.0859 andvR, = 0.1421
ca. 110 K, with a clear indication of the structures’ chirality. for all 2815 unique reflections.
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Scheme 3. Asymmetric Catalytic Addition of EZn to Benzaldehyde

2 equiv Et,Zn H
H 5 moms (B,R)-LighT(OPr) ~ B
toluene, RT

indicated that, for both catalysts, systematic enantiomeric
excesses (ee’s) in the range of 7% were obtained.
Although higher ee’s were reported for this reaction with
other catalyst$; it should be stressed that, usually, stoichio-
metric quantities of Ti(@r), are employed. More signifi-
cantly, the attempted asymmetric catalysis of this reaction
with a titanium complex of the Salen ligand featuring chloro
phenolate substituents resulted in negligible %ee. It, thus,
follows that, for certain reactions, chiral-at-metal Salan
complexes may outperform the corresponding Salen com-
Figure 3. Crystal structure ofR,R-A-Lig2Ti(O'Pr), obtained from the plexes (having the same phenolate substituents) in promoting
enantiomerically pure ligand. asymmetric catalysis. We are currently exploring the possible

) ] catalytic applications of such complexes.
hydrogens of the adjacent cyclohexane carbons: FdriLig

the considerable difference between H and,®@idund to Acknowledgment. We thank the Israel Ministry of
the N donors places the GHyroup away from these axial ~ Science, Culture, and Sport and the Israel Science Foundation
hydrogens, thus leading to a specifiavrapping of the R R) for financial support. We thank Dvora Reshef for technical
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metal is less selective as a result of the similar size of the

CH, and CH N-bonded fragments, and both diastereoisomers ~ Supporting Information Available: Experimental procedures

are formed (Scheme 1). and compound characterization data (pdf). Crystallographic data
To evaluate the potential of these chiral-at-metal com- in cif format for the three structures. This material is available free

plexes as asymmetric catalysts, we employed the diastereo®f charge via the Internet at http://pubs.acs.org.

merically pure complexes Ligi(O'Pr), and Lig’Ti(O'Pr), IC050745B

as catalysts in the addition reaction of#t to benzaldehyde

(Scheme 3} A total of 5 mol % of the catalysts were (13) TheH NMR spectrum of LiTi(O'Pr), in dg-toluene taken at 96C

utilized, and the reactions were carried to practically full did not exhibit any new peaks, and upon cooling to room temperature,

. . . . it was identical to the original spectrum. We thus propose that the
conversion. A chiral-GC analysis of the resulting products diastereoisomeric purity of these complexes is not compromised during

the catalytic reaction course.

(12) Crystal data forR,R-Lig2Ti(O'Pr): CagH3sClaN2O4Ti; M = 656.30; (14) For asymmetric catalysis employing dinuclée—mer Salan alumi-
tetragonal; space group#12:2; a = 15.0670(5)b = 15.0670(5)¢c = num complexes, see: Ward, C. V.; Jiang, M.; Kee, TT&rahedron
13.1350(5) AV = 2981.84(18) & T=110(2) K;Z= 4; D, = 1.462 Lett 200Q 41, 6181. For asymmetric catalysis employing a Salan
g cn3; u(Mo Ka) = 0.682 mnt!; R; = 0.0585 andvR, = 0.1068 titanium complex, see: Dai, Z.; Zhu, C.; Yang, M.; Zheng Y.; Pan,
for 1813 reflections with > 2¢(l); Ry = 0.1058 andvR, = 0.1220 Y. Tetrahedron: Assymetr005 16, 605.
for all 2797 unique reflections. (15) Mori, M.; Nakai, T.Tetrahedron Lett1997 38, 6233.
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