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Cs-Symmetric Chiral Amidate Complexes: Effects of Ligand Binding on Cavity Structure
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Polydentate ligands that form cavity motifs around a metal often follows from the orientation or position of external ligands
ion(s) are known to influence the structural and functional within the cavity. Structural changes associated with external
properties of metal complexés.For example, complexes ligand binding within a chiral cavity can be examined with
containing chiralCz-symmetric ligands show promising enan- complexes of H1S M0z pecause its properties allow for the
tioselectivity when used in transition metal catalyzed reactfons. isolation of coordinately unsaturated TMP complexes. In
Yet, to date, only a limited humber of chiréls-symmetric particular, changes in cavity structure in the presence and
ligands have been reportédWe have described recently the absence of external ligands can be studied; this type of analysis
synthesis of metal complexes containing tripodal ligands derived is often difficult because complexes wil-symmetric ligands
from tris(N-alkylcarbamoylmethyl)amine: these ligands, when usually require additional ligands bonded to the metal ion for
coordinated to a metal ion, create cavities about the vacantisolation-? [Zn15-mb4~ was thus synthesized to investigate the
coordinate site in trigonal monopyramidal (TMP) complekes. structure of a chiral cavity in the absence of additional ligands.
This class ofCs-symmetric ligands can be readily modified with Results from NMR studies on [A8 ™4~ support the
optically active groups attached to the amidate nitrogens, presence of a symmetric chiral cavity for this complex in
affecting the formation of chiral cavities upon metal ion binding. solution. TheH NMR spectrum of the diamagnetic [ZFr™b4 -

We report herein the structural properties for the Zn(ll) and contains diastereotopic methylene protons (from the tripodal
Fe—NO complexes of a new homochiral tripodal ligand, tris- arms) and a single set of resonances for the chiral methyl/benzyl
(N-(S-(—)-(e)-methylbenzylcarbamoylmethyl)aminett 3.5 moieties, consistent with the complex having 3-fold rotational
Our results demonstrate that the chiral cavities formed with symmetry. The solid-state structure of K[EnMP4 agrees
Hs15 ™0z are flexible, leading to cavities whose structures are qualitatively with this picture. The complex crystallized with

altered by additional ligands binding to the metal ion. two crystallographically independent, but virtually identical,
anions ([2ZriS ™4~ and {[Zn15"M"9]-}').6 Both complexes
Ph >,Ph PR 0 >’Ph have trigonal monopyramidal coordination geometry about the

H > [ S G W IV zinc(ll) ion. In [Zn1S M4~ (Figure 1), the three amidate
/3 I\?;%Ph l\rﬂkph nitrogens bind in the trigonal plane with an average-Rimige
O Pn O’K/N\"ﬂ °</N{LL distance of 1.980(5) A and dMige—ZN—Namige angle of 119.2-
0 o (2)°. The apical nitrogen N(4) is positioned nearly perpendicular
Hg1Smbz [Zn1SmoZy [Fe15™0Z(NO) to the trigonal plane (the averagedlie—2Zn—N(4) = 84.9(2))
with a Zn—N(4) distance of 2.097(7) A. The zinc ion lies 0.18
We are interested in the interdependence between cavityA out of the trigonal plane toward the vacant axial coordination
structure and the coordination chemistry of a metal ion within site. This site is encompassed by the appended chiral groups
that cavity. The chemistry of these types of metal complexes that orient to form a cavity walled by alternating methyl and
phenyl groups. The structure of [Z¥r™P4~ also reveals
’;Q;;Z‘gstgg{‘eogn?\?;gﬁgondence should be addressed. intramolecular Ck#+-Ph interactions between adjacent chiral
* University of Delaware. groups, with an average methyl carbor) to phenyl ring centroid
§ University of Minnesota. distance of 4.424 A. However, the chiral substituents are not
""Current address: Department of Chemistry, University of Kansas, arranged symmetrically, illustrating the flexible nature of the
Lawrence, KS 66045. cavity architecture. The lack of 3-fold symmetry in [En™"7 -
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Figure 1. Thermal ellipsoid diagram of [Zt¥ ™~ and a space-filling

representation of the complex. The ellipsoids are drawn at the 40%

probability level, and hydrogens are removed for clarity. Selected bond
distances (A): ZaN(1) = 1.973(9), Zr-N(2) = 1.987(9), Zr-N(3)

= 1.981(6), ZA-N(4) = 2.097(7), C(20)-Phya = 3.533, C(24)-
Phye) = 5.292, C(28)+Phyu) = 4.446.

that are responsive to the environment in which the iron nitrosyl
residest® We reasoned that conformational isomers may be
isolated!! containing different Fe N—O angles, and thus allow

the examination of how cavity architecture is related to ligand
orientation. Evidence for more than one mononitrosyl iron
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Figure 2. Thermal ellipsoid diagrams of [[1S-mbANO)]~ (A, left)
and [Fé?15-m{NO)]~ (B, left) and space-filling representations of each
complex. The ellipsoids are drawn at the 50% probability level, and

species is provided by the solid-state IR spectra of a crystalline yqrogens are removed for clarity. Selected bond distances (A) and

sample of K[F&5-™3NQ)], which shows three distinct NO
features at 1760, 1748, and 1731 ¢m

A single-crystal X-ray diffraction study on K[AE M NO)]
corroborates the formation of multiple F&O species.
K[Fe1S-mP{NO)] crystallized with four crystallographically
independent complexes in the asymmetric & The mo-
lecular structures for two of these complexes @Ee ™3 NO)|~
and [Fé915-mb3NOQ)]~ are presented in Figure 2. All the
complexes have trigonal bipyramidal coordination geometry

about the iron where the amidate nitrogens are arranged in the
trigonal plane, and the amine nitrogens and NO moieties occupy

the axial positions. Three of these complexesPJEE™{NO)],
[Fe@1S-mbANO)]~, and [F&)1S-mbANO)|~ are structurally
similar, having Fe-Namigeand Fe-Ngpicadistances and Mige—
Fe—Namide and Nimide—Fe—Napica @angles that are not signifi-
cantly different* A major structural difference between these
three complexes is in their FN—O angle: [F&15-mb3ANO)]~

and [Fé¥15-mbANO)]~ have Fe-N—O angles of 165.7(5) and
165.2(5) whereas this angle in [R5 -M3NO)]~ is 175.6-
(5)°. Each of these complexes has a nearly 3-fold symmetric
chiral cavity around the nitrosyl, formed by alternating methyl
and phenyl moieties of the optically active benzyl groups (the

(9) Magnetic moment and EPR data are consistent with the complex
having aS = 3, ground state.

(10) (a) Enemark, J. H.; Feltham, R. Doord. Chem. Re 1974 13, 339.

(b) Feltham, R. D.; Enemark, J. Hop. Stereocheni98], 12, 155.
(c) Chiou, Y.-M.; Que, L., Jrlnorg. Chem.1995 34, 3270.

(11) Modeling studies (CPK and CAChe) indicated that only mononitrosyl
iron complexes can be formed with§mb43-,

(12) K[FelS-mbyNO)] crystallized with four crystallographically indepen-
dent anions with one DMF and diethyl ether solvate in the asymmetric
unit in monoclinic space group2; with the following cell constants:

a = 11.4342(6) A,b = 35.790(2) A andc = 16.7595(9) A;5 =
101.39(2); V = 6494.7(6) R, Z = 2. Of 34 504 reflections collected
(1.14< 6 < 25.06; 173(2) K) 19662 were unique datg{ = 0.0589);
R1 = 0.0556 and wR2= 0.1082 with a GOFR?) = 1.109.

(13) The four independent FENO complexes in the crystal structure of
K[Fe1SmbANO)] are denoted [F&91S-mbyNO)]~.

(14) Average FeNamide(A), average MmigeFe—Namige (deg), and average
Namide—Fe—Napical (deg): [Fe@)1SmANO)]~, 2.020(3), 116.3(1),
79.5(1); [F&)15-mPANO)]~, 2.039(3), 115.7(1), 77.8(1); [fFeLSmbz
(NO)]~, 2.040(3), 115.3(1), 77.3(1); [FELS-MbANO)]~, 2.048(3),
115.6(1), 77.8(1). Not significant & < 0.05 using an analysis of
variance test.

(15) The average methyl carbon to phenyl ring centroid distances in
[Fe®1S-mbaNO)]~ and [FéN1S-mbANO)]~ are 3.938 and 4.348 A.

(16) Solution FTIR spectra of [A&-™4ANO)]~ (THF, dichloroethane, C¥
CN) show two Fe-NO bands at ca. 1710 and 1735 cthsuggesting
that the bent FeNO motif observed in [F&15-mbyNO)]~ is present
in solution. A similar two-band spectrum was observed for a powder
sample of K[F&S ™y NO)].

angles (deg): [F@15m4NO)]-, Fe(1la)>-N(5a)= 1.745(5), Fe(1a}
N(5a)-O(la)= 157.0(5); [F&15-"(NO)]~, Fe(1c)-N(5c) = 1.737-
(5), Fe(1c)-N(5¢)—O(1c)= 175.6(5), C(8C)-Phyag = 3.614, C(160)-
Phyee = 3.580, C(24c)-Phye = 4.060.

benzylic hydrogens are disposed outside the cavity toward the
carbonyl groups of the tripodal amides). In addition, the
intramolecular Ch--Ph distances in these iron nitrosyl com-
plexes are significantly shorter than those observed 21 ~:

In [Fe@15-mbyNO)]~, for example, the average methyl carbon
to phenyl ring centroid distance is 3.751 A (Figure ).

The above results demonstrate that symmetric chiral cavities
are formed with nearly linear FENO motifs. Structurally
distinct cavities are however observed when a more “bent’ Fe
NO unit (smaller Fe-NO angle) is contained within the cavity.
This effect is illustrated by the molecular structure of
[Fe@15-mbzNO)]~, which has an FeN—O angle of 157.0(5)
and a cavity that no longer has 3-fold rotational symmetry
(Figure 2b). This decrease in symmetry results from one of
the appended benzyl methyl groups orienting such that the
benzylic hydrogen is positioned toward the-f¢O moiety with
the phenyl-methyl groups positioned over the amidate carbonyl.
Note also that the FeNO moiety is positioned in the direction
of the benzylic hydrogen suggesting that this orientation of a
chiral appended group, which leads to an enlarged cavity, is
required to accommodate a nonlinear metajand motif16

In summary, the structural studies on [Zn™7- and
[Fe15-mbANO)]~ indicate that the electron-rich tripodal amidate
ligand [15-mb43- produces chiral cavities when coordinated to
transition metal ions. The varied cavity structures exhibited
by [Zn1S5-mP]~ and [F4S-™PANO)]~ illustrate the importance
of the structural relationship between methigjand motifs and
the architecture of chiral cavities. Ultilization of these chiral
systems in stereoselective processes are in progress.
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Supporting Information Available: Tables of structure determi-
nation summaries and X-ray structural data for K[Zr"®j and
K[Fe15-mb{NO)], structural diagrams of the complexes 12r"°] - and
[Fe®15-mbANO)]~, *H NMR spectra of K[ZdS5 ™9, and FTIR spectra
of [FelS™4NO)]~ (Figures S+S6), and synthetic details of all
compounds (36 pages). Ordering information is given on any current
masthead page.
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