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Polydentate ligands that form cavity motifs around a metal
ion(s) are known to influence the structural and functional
properties of metal complexes.1 For example, complexes
containing chiralC3-symmetric ligands show promising enan-
tioselectivity when used in transition metal catalyzed reactions.2

Yet, to date, only a limited number of chiralC3-symmetric
ligands have been reported.3 We have described recently the
synthesis of metal complexes containing tripodal ligands derived
from tris(N-alkylcarbamoylmethyl)amine: these ligands, when
coordinated to a metal ion, create cavities about the vacant
coordinate site in trigonal monopyramidal (TMP) complexes.4

This class ofC3-symmetric ligands can be readily modified with
optically active groups attached to the amidate nitrogens,
affecting the formation of chiral cavities upon metal ion binding.
We report herein the structural properties for the Zn(II) and
Fe-NO complexes of a new homochiral tripodal ligand, tris-
(N-(S)-(-)-(R)-methylbenzylcarbamoylmethyl)amine (H31S-mbz).5

Our results demonstrate that the chiral cavities formed with
H31S-mbz are flexible, leading to cavities whose structures are
altered by additional ligands binding to the metal ion.

We are interested in the interdependence between cavity
structure and the coordination chemistry of a metal ion within
that cavity. The chemistry of these types of metal complexes

often follows from the orientation or position of external ligands
within the cavity. Structural changes associated with external
ligand binding within a chiral cavity can be examined with
complexes of H31S-mbz because its properties allow for the
isolation of coordinately unsaturated TMP complexes. In
particular, changes in cavity structure in the presence and
absence of external ligands can be studied; this type of analysis
is often difficult because complexes withC3-symmetric ligands
usually require additional ligands bonded to the metal ion for
isolation.1,3 [Zn1S-mbz]- was thus synthesized to investigate the
structure of a chiral cavity in the absence of additional ligands.5

Results from NMR studies on [Zn1S-mbz]- support the
presence of a symmetric chiral cavity for this complex in
solution. The1H NMR spectrum of the diamagnetic [Zn1S-mbz]-

contains diastereotopic methylene protons (from the tripodal
arms) and a single set of resonances for the chiral methyl/benzyl
moieties, consistent with the complex having 3-fold rotational
symmetry. The solid-state structure of K[Zn1S-mbz] agrees
qualitatively with this picture. The complex crystallized with
two crystallographically independent, but virtually identical,
anions ([Zn1S-mbz]- and {[Zn1S-mbz]-}′).6 Both complexes
have trigonal monopyramidal coordination geometry about the
zinc(II) ion. In [Zn1S-mbz]- (Figure 1), the three amidate
nitrogens bind in the trigonal plane with an average Zn-Namide

distance of 1.980(5) Å and Namide-Zn-Namideangle of 119.2-
(2)°. The apical nitrogen N(4) is positioned nearly perpendicular
to the trigonal plane (the average Namide-Zn-N(4)) 84.9(2)°)
with a Zn-N(4) distance of 2.097(7) Å. The zinc ion lies 0.18
Å out of the trigonal plane toward the vacant axial coordination
site. This site is encompassed by the appended chiral groups
that orient to form a cavity walled by alternating methyl and
phenyl groups. The structure of [Zn1S-mbz]- also reveals
intramolecular CH3‚‚‚Ph interactions between adjacent chiral
groups, with an average methyl carbon to phenyl ring centroid
distance of 4.424 Å. However, the chiral substituents are not
arranged symmetrically, illustrating the flexible nature of the
cavity architecture. The lack of 3-fold symmetry in [Zn1S-mbz]-

undoubtedly is caused by the crystal lattice,7 where intermo-
lecular aryl-methylene interactions are present and hinder a
symmetrical arrangement of chiral groups within the complex.
The flexibility of the chiral cavity in [Zn1S-mbz]- suggests

that the orientation of an external ligand upon binding to the
metal ion should influence the structure of the chiral cavity. To
probe this effect, [Fe1S-mbz(NO)]- was synthesized.5,8 Iron
nitrosyl complexes containing a{FeNO}7 moiety, such as in
[Fe1S-mbz(NO)]-,9 are known to have variable Fe-N-O angles

* Author to whom correspondence should be addressed.
† Kansas State University.
‡ University of Delaware.
§ University of Minnesota.
| Current address: Department of Chemistry, University of Kansas,

Lawrence, KS 66045.
(1) Recent review: Kitajima, N.; Tolman, W. B. InProgress in Inorganic

Chemistry; Karlin, K. D.; Ed.; Wiley: New York, 1995; p 419 and
references therein.

(2) Nugent, W. A.; BajanBabu, T. V.; Burk, M. J.Science1993, 259,
479 and references therein.

(3) (a) Burk, M. J.; Harlow, R. L.Angew. Chem., Int. Ed. Engl.1990,
29, 1462. (b) Adolfsson, H.; Wa¨rnmark, K.; Moberg, C.J. Chem. Soc.,
Chem. Commun.1992, 1054. (c) Tokar, C. J.; Kettle, P. B.; Tolman,
W. B. Organometallics1992, 11, 2737. (d) Tor, Y.; Libman, J.;
Shanzer, A.; Felder, C. E.; Lifson, S.J. Am. Chem. Soc.1992, 114,
6653. (e) Chelucco, G.Gazz. Chim. Ital.1992, 122, 89. (f) LeCloux,
D.; Tolman, W. B.J. Am. Chem. Soc.1993, 115, 1153. (g) LeCloux,
D. D.; Tokar, C. J.; Osawa, M.; Houser, R. P.; Keyes, M. C.; Tolman,
W. B. Organometallics1994, 13, 2855. (h) Nugent, W. A.; Harlow,
R. L. J. Am. Chem. Soc.1994, 116, 1462. (i) Utsuno, S.; Miyamae,
H; Horikoshi, S.; Endo, I.Inorg. Chem.1985, 24, 1348. (j) Canary, J.
W.; Allen, C. S.; Castagnetto, J. M.; Wang, Y.J. Am. Chem. Soc.
1995, 117, 8484. (k) Abufarag, A.; Vahrenkamp, H.Inorg. Chem.
1995, 34, 3279.

(4) (a) Ray, M.; Yap, G. P. A.; Rheingold, A., Borovik, A. S.J. Chem.
Soc., Chem. Commun. 1995, 1777. (b) Ray, M.; Golombek, A. P.;
Hendrich, M. P.; Young, V. G., Jr.; Borovik, A. S.J. Am. Chem. Soc.
1996, 118, 6084.

(5) Synthesis details and characterization data for all new compounds are
given in Supporting Information.

(6) K[Zn1S-mbz] crystallized with two crystallographically independent
anions and1/2 of an H2O solvate in the asymmetric unit in the
monoclinic space groupC2 with the following cell constants:a )
28.931(6) Å,b) 12.722(5) Å, andc) 17.742(3) Å;â ) 101.39(2)°;
V ) 6402(3) Å3, Z ) 4. Of 7838 reflections collected (2.02e θ e
21.01°; 247(2) K), 6708 were unique data (Rint ) 0.0500); R1) 0.0596
and wR2) 0.1537 with a GOF (F2) ) 1.0047.

(7) Both [Zn1S-mbz]- and{[Zn1S-mbz]-}′ have three intermolecular CH2‚‚‚
Ph interactions per molecule in the crystal lattice.

(8) Treating [Zn1S-mbz]- with additional ligands yields a mixture of
products that could not be readily separated.

3210 Inorg. Chem.1997,36, 3210-3211

S0020-1669(97)00124-9 CCC: $14.00 © 1997 American Chemical Society



that are responsive to the environment in which the iron nitrosyl
resides.10 We reasoned that conformational isomers may be
isolated,11 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
species is provided by the solid-state IR spectra of a crystalline
sample of K[Fe1S-mbz(NO)], which shows three distinct NO
features at 1760, 1748, and 1731 cm-1.
A single-crystal X-ray diffraction study on K[Fe1S-mbz(NO)]

corroborates the formation of multiple Fe-NO species.
K[Fe1S-mbz(NO)] crystallized with four crystallographically
independent complexes in the asymmetric unit.12,13 The mo-
lecular structures for two of these complexes, [Fe(a)1S-mbz(NO)]-

and [Fe(c)1S-mbz(NO)]- 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 complexes, [Fe(b)1S-mbz(NO)]-,
[Fe(c)1S-mbz(NO)]-, and [Fe(d)1S-mbz(NO)]- are structurally
similar, having Fe-Namideand Fe-Napicaldistances and Namide-
Fe-Namide and Namide-Fe-Napical angles that are not signifi-
cantly different.14 A major structural difference between these
three complexes is in their Fe-N-O angle: [Fe(b)1S-mbz(NO)]-

and [Fe(d)1S-mbz(NO)]- have Fe-N-O angles of 165.7(5) and
165.2(5)° whereas this angle in [Fe(c)1S-mbz(NO)]- 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

benzylic hydrogens are disposed outside the cavity toward the
carbonyl groups of the tripodal amides). In addition, the
intramolecular CH3‚‚‚Ph distances in these iron nitrosyl com-
plexes are significantly shorter than those observed in [Zn1S-mbz]-:
In [Fe(c)1S-mbz(NO)]-, for example, the average methyl carbon
to phenyl ring centroid distance is 3.751 Å (Figure 2b).15

The above results demonstrate that symmetric chiral cavities
are formed with nearly linear Fe-NO 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(a)1S-mbz(NO)]-, which has an Fe-N-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 Fe-NOmoiety with
the phenyl-methyl groups positioned over the amidate carbonyl.
Note also that the Fe-NO 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 metal-ligand motif.16

In summary, the structural studies on [Zn1S-mbz]- and
[Fe1S-mbz(NO)]- indicate that the electron-rich tripodal amidate
ligand [1S-mbz]3- produces chiral cavities when coordinated to
transition metal ions. The varied cavity structures exhibited
by [Zn1S-mbz]- and [Fe1S-mbz(NO)]- illustrate the importance
of the structural relationship between metal-ligand motifs and
the architecture of chiral cavities. Utilization of these chiral
systems in stereoselective processes are in progress.
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Figure 1. Thermal ellipsoid diagram of [Zn1S-mbz]- 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 (Å): Zn-N(1) ) 1.973(9), Zn-N(2) ) 1.987(9), Zn-N(3)
) 1.981(6), Zn-N(4) ) 2.097(7), C(20)‚‚‚PhN(3) ) 3.533, C(24)‚‚‚
PhN(2) ) 5.292, C(28)‚‚‚PhN(1) ) 4.446.

Figure 2. Thermal ellipsoid diagrams of [Fe(a)1S-mbz(NO)]- (A, left)
and [Fe(c)1S-mbz(NO)]- (B, left) and space-filling representations of each
complex. The ellipsoids are drawn at the 50% probability level, and
hydrogens are removed for clarity. Selected bond distances (Å) and
angles (deg): [Fe(a)1S-mbz(NO)]-, Fe(1a)-N(5a)) 1.745(5), Fe(1a)-
N(5a)-O(1a)) 157.0(5); [Fe(c)1S-mbz(NO)]-, Fe(1c)-N(5c)) 1.737-
(5), Fe(1c)-N(5c)-O(1c)) 175.6(5), C(8c)‚‚‚PhN(4c) ) 3.614, C(16c)‚‚‚
PhN(2c) ) 3.580, C(24c)‚‚‚PhN(3c) ) 4.060.
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