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sample of Asa at 110 °C for 24 h in 2 M potassium hydroxide
in a Teflon-lined, sealed vessel led to only 5% deamination as
determined by 'H NMR analysis.

The reactivity of Asa incorporated in a protein in basic medium
was approximated by using dimethyl 5-hydantoinmalonate (2)
as a model. The dimethyl ester is an acceptable model because
ester saponification occurs prior to amide hydrolysis (vide supra).
Heating 2 at 100 °C in a sealed, Teflon-lined vessel for 24 h in
2 M potassium hydroxide gave 55% Asa and 45% tricarboxy-
ethylene as determined by 'H NMR spectroscopy.

The extent of elimination as a function of pH can be explained
in terms of the leaving group. Even with 3.5 equiv of sodium
hyroxide at pH 10 some of the Asa is present with the amine
functional group protonated, and the leaving group is ammonia.
At higher pH Asa is completely deprotonated and elimination is
much slower because the leaving group is amide. 5-Hydantoin-
malonic acid is more reactive in 2 M potassium hydroxide with
respect to elimination than is Asa because until the 1-2 amide
bond of 1 is hydrolyzed, the leaving group is carboxamide.
Carboxamide is resonance stabilized and leaves more rapidly than
does amide. However, to achieve the geometry necessary for facile
E2 or ElcB elimination mechanisms with resonance stabilization
of the incipient carboxamide, initial hydrolysis of the 34 amide
bond of the hydantoin is required. This hydrolysis allows for the
necessary bond rotation to occur. The 3-4 amide bond of the
hydantoin ring system is known to hydrolyze in basic medium
before the 1-2 amide bond.!° 1In a protein or peptide containing
Asa residues an initial amide hydrolysis is not required, and the
elimination reaction should be at least as facile as in the model
system. Hence, at least 45% of the Asa was probably lost during
the hydrolysis of E. coli ribosomal proteins in 2 M potassium
hydroxide! (see eq 2).
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Henson and co-workers have also reported a synthesis of Asa.’
These authors imply that their final step, the saponification and
hydrolysis of diethyl 5-hydantoinmalonate in 2 M potassium
hydroxide at 100 °C for 24 h, was quantitative, even though the
resulting Asa was never isolated. The results described above
suggest that the yield of Asa from this step is actually less than
55% because of the facile elimination.

Quantitative measurement of peptide-bound Asa is unlikely
from protein hydrolysis in basic medium. A more accurate
measure of Asa may now require an initial chemical transfor-
mation of the malonic acid moiety prior to hydrolysis. Zytkovic
and Nelsestuen have shown that the malonic acid moiety of
peptide-bound Gla can be reduced to the tritiated 1,3-diol with
tritiated diborane and the Gla detected as tritiated §,6’-di-
hydroxyleucine by amino acid analysis after acidic hydrolysis.!!

(10) Ware, E. Chem. Rev. 1950, 46, 403 and references therein.
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This methodology is presently under investigation for analysis of
peptide-bound Asa.
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It has been shown recently that the divalent lanthanide complex
(CsMes), Yb(OE,) reduces Co,(CO)s, cleaving the metal-metal
bond to give I.”* The tetracarbonylcobaltate anion is bonded to

CsMes 0CCo(CO)

Yb,
e

I

the trivalent Lewis acid fragment [Yb(CsMe;),(THF)]* by do-
nation of a lone pair of electrons on one of the carbon monoxide
groups. Infrared and X-ray data suggest that the carbon—-oxygen
bond of the bridging carbonyl ligand was significantly weakened,
resulting in a charge disparity in the sense Co(6—-)—-C(6+)-O-
(6-)-Yb(8+). This should enhance the reactivity of the bridging
carbon monoxide group toward nucleophilic and/or electrophilic
reagents. Such carbon- and oxygen-bonded carbonyl ligands have

CsMes THF
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interactions with f-block metal atoms: Marianelli, R. S.; Durney, M. T. J.
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Figure 1. ORTEP drawing of [(CsMes),Yb],[Fes(CO)(1-CO),].

been shown to exhibit unique physical properties and reactivity
patterns.?

In the investigation of the utility of (CsMe;),Yb(OEt,) in
preparing complexes of transition-metal carbonyl anions that
contain M—CO-M’ bonds, it was of interest to examine reactions
of carbonyl clusters having bridging carbon monoxide groups.
Carbonyl ligands that bridge two or more transition metals have
a lower C-O bond order than terminal ones and are better ¢ donors
toward hard Lewis acids. As a result, some Lewis acids induce
terminal-to-bridge CO shifts.? Such interactions will result in
further charge disparity in the bridging carbon monoxide group
and activate the C-O bond to an even greater extent.

Reaction of 2 molar equiv of (CsMes),Yb(OEt,) with Fe,(C-
0),, in toluene or of stoichiometric amounts of (C;Mes),Yb(OEt,)
and Fe,(CO)y in toluene results in a dark red solution, from which
violet prisms (mp 307-310 °C) of [(CsMe;),Yb],[Fe,(CO),,] may
be crystallized.> The infrared spectrum shows that the carbonyl
ligands are significantly perturbed relative to the electronically
equivalent [Et;N],[Fe;(CO)y(u-CO)(u;3-CO)], which has v-
(CO)(THF) at 1938 s, 1910 ms, 1890 sh, and 1670 w cm™.# The
ytterbium complex shows two low-energy C-O stretching fre-
quencies at 1667 and 1604 cm™!, suggesting the presence of
n%,n'-triply bridging carbonyl ligands.

In order to unequivocably establish the structure of this novel
complex, a crystal structure analysis was performed.’ Of the three
discrete molecules in the unit cell, two are well-ordered and related
by an inversion center while the third is disordered about the center
of inversion. An ORTEP view of the ordered molecule is shown
in Figure 1. The molecule has approximate C,, symmetry about
the Fe(1)-C(1) vector. The CsMes groups are inequivalent in
the solid state as well as in solution since they give two equal-area
resonances in the '"H NMR spectrum at 26 °C.> The two iron—iron

(2) Shriver, D. F. J. Organomet. Chem. 1975, 94, 259-271. Shriver, D.
F. In ‘Catalytic Activation of Carbon Monoxide’, ACS Symp. Ser. 1981, 152,
1-18 and references therein.

(3) Anal. Calcd for C5 H; Fe;0,,Yb: C, 44.6; H, 5.21. Found: C, 44.9;
H, 4.63. IR (Nujol) »(CO) 2048 w, 1998 s, 1973 s, 1667 w, 1604 bs s cm™!;
'H NMR (PhMe-d;, 26 °C) 4 8.09 (v,;; = 130 Hz), 6.11 (v, = 130 Hz)
due to the two inequivalent CsMes groups; ey (solid state, 4-60 K): 3.91 ug
per ytterbium; mp 307-310 °C.

(4) Lo, F. Y.-K,; Longoni, G.; Chini, P.; Lower, L. D.; Dahl, L. F. J. Am.
Chem. Soc. 1980, 102, 7691-7701.

(5) The structure was solved by Dr. F. J. Hollander, staff crystallographer
at the University of California at Berkeley X-ray crystallographic facility
(CHEXRAY). Crystal data: (CsMes),Yb,Fe;(CO),,, Fy, = 1362.7; space group,
P1, triclinic; @ = 14.525 (2) A, b= 18.058 Q) A, c = 18.324 (2) A; a =
72,151 (11)°, 8 = 84.050 (11)9, y = 72.151 (11)%; ¥ = 4321 (1) A%; peuied
= 1571 gem™; Z = 3; u(Mo Ka) = 40.05 cm™; A = 0.71073 A. The
structure was solved by Patterson and Fourier methods and refined with 8622
data [F? > 3¢(F?)] measured on a Nonius CAD 4 diffractometer. The R and
R, for all data were 5.76% and 8.33%, respectively.
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Figure 2. Line drawing showing some average bond lengths and dis-
tances. The average Fe(2,3)-C(terminal) and their associated C-O bond
lengths are 1.741 £ 0.013 and 1.176 £ 0.014 A, respectively. The
Fe(1)-C(1) and C(1)-O(1) bond lengths are 1.698 (8) and 1.161 (9) A,
respectively. The average MesCs(centroid)-Yb-MeCs(centroid) angle
is 141.12 + 0.6° and the MeCs(centroid)-Yb bond length is 2.289 %
0.019 A.

distances [Fe(1)-Fe(2) and Fe(1)~-Fe(3)] of 2.524 (1) and 2.538
(1) A, respectively, are essentially equal, as are the four ytter-
bium-oxygen distances (average, 2.243 (5) A). The average
ytterbium—carbon(C;Mes) bond length of 2.573 (13) A is similar
to those found in ytterbium(III) metallocenes of the same coor-
dination number [Yb(C;Me;),S,CNEt,, 2.63 (3)% and Yb-
(CsMes),(THF)Co(CO),, 2.596 (1) A!]. However, this average
bond length is significantly shorter than that found in the yt-
terbium(II) species of identical coordination number, Yb-
(CsMes),(py),, 2.742 (7) A This difference is expected since
the ionic radius of Yb(III) is ca. 0.16 A smaller than that of Yb(II)
when both ions have the same coordination number.” Thus, the
paramagnetism of the complex is explained, since Yb(III) is an
f3 jon whereas Yb(II) is an f'% ion and the complex can be viewed
as a tizght ion pair of the form [Yb(CsMes),]*,[Fe;(CO)q(u-
CO),]*.

The Fe(2)-Fe(1)-Fe(3) angle is 161.8°, and there is no direct
interaction between Fe(2) and Fe(3). The two planes defined by
the carbonyls bound to Yb(1) and Yb(2) are inclined with respect
to each other, with a dihedral angle of 168.1° away from the
unique carbonyl bonded to Fe(1). Thus, the overall shape of the

(6) (a) Tilley, T. D.; Andersen, R. A.; Zalkin, A.; Templeton, D. H. Inorg.
Chem., accepted for publication. (b) Tilley, T. D.; Spencer, B.; Andersen, R.
A, Zalkin, A. Inorg. Chem., accepted for publication.

(7) Shannon, R. D. Acta Cryst. 1976, 324, 751-767.
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cluster might be described as an inverted umbrella, the handle
being the unique carbonyl bound to Fe(1). The least-squares plane
defined by the bridging carbonyl carbon atoms C(2), C(3), C(4),
and C(5) is 0.36 A below Fe(1) and above Yb(1) and Yb(2) by
0.56 and 0.48 A, respectively. The terminal Fe(2) and Fe(3) atoms
are slightly below this plane, by 0.06 and 0.02 A, respectively.

The bonding iron-iron distances are similar to those found in
the electronically equivalent (48 electron) triiron clusters [Fe,-
(CO)g(u-CO) (13-CO))*",* [Fe;(CO)yo(u-H)(1-CO)] 5 and
Fe;(CO),o(e-CO),.8* The latter three clusters have their iron
atoms at the corners of an isosceles triangle, the geometry usually
found for trimetallic cluster molecules.” The geometry of the
[Fe3(CO)4(u-C0O),]% cluster (Figure 2 shows the averaged bond
angles and lengths within the cluster) has been greatly perturbed
by the presence of the two [Yb(CsMes),]* units, which have forced
four carbonyl groups into bridging positions. The Fe(1)CO(4)-
CO(5) and Fe(1)CO(2)CO(3) fragments may be viewed as
metallaacetonylacetonate groups coordinated in a chelating fashion
to the two ytterbium(III) centers.'® Thus, the Fe,(CO),,> cluster
may be viewed, in an electronic sense, by the valence bond
structures shown below (Ila and IIb), in which each of the terminal

Ila
ol 0
.
(cane/ \f-fe/ \Fe(CO)3
\@ s \? P
IIb )

iron atoms have 18 valence electrons and the central iron atom
has 16 valence electrons. These valence bond structures are only
approximations to the true electronic structure, and a molecular
orbital treatment will be much better. However, the valence bond
representations emphasize the formal analogy to that of a met-
tallaacetonylacetonate ligand. In order to act as a chelating ligand,
the [Fe;(CO),,]? distorts by breaking an Fe-Fe bond. This
process does not require much energy since the Fe-Fe bond energy
in Fe4(CO),, is estimated to be ca. 19 kcal mol™,!! most certainly
less than that of four ytterbium—oxygen bonds.

A rich reaction chemistry is suggested by the “opened” geom-
etry of the [Fe;(CO),,]? cluster. However, toluene solutions of
the [(CsMes),Yb],[Fe;(CO),,] cluster did not react with H, or
CO at 18 atm during a 24-period.

In order to examine reactions of the complete set of binary iron
carbonyls with the ytterbium(II) metallocene, we have studied
the reaction of Fe(CO); with 2 molar equiv of Yb(CsMe;),(OEt,).
The reaction gives [Yb(CsMe;),(thf)],[Fe(CO),] after crystal-
lization from tetrahydrofuran.'? The complex gives Fe(CO)4-
(SnPh;), upon reaction with Ph,SnCl, as shown by infrared
spectroscopy.!> Thus, the complex may be formulated as the

(8) (a) Dahl, L. F.; Blount, J. F. Inorg. Chem. 19685, 4, 1373-1375. (b)
Cotton, F. A.; Troup, J. M. J. Am. Chem. Soc. 1974, 96, 4155-4159.

(9) Lauher, J. H. J. Am. Chem. Soc. 1978, 100, 5305-5315.

(10) Lukehart, C. M. Acc. Chem. Res. 1981, 14, 109-116.

(11) Connor, J. A. In “Transition Metal Clusters”; Johnson, B. F. G., Ed.;
Wiley: New York, 1980; p 354.

(12) Anal. Caled for Cs;H7sFeOgYb,: C, 52.1; H, 6.39. Found: C, 51.6;
H, 6.42. 'H NMR (THF-dy, 26 °C) a single resonance was observed at & 9.52
(v1/, = 144 Hz). Hydrolysis of a sample dissolved in benzene gave a mixture
of f\deSCSH and tetrahydrofuran in area ratio 2:1 by 'H NMR spectroscopy;
IR »(CO) (Nujol): 2004 w, 1980 w, 1961 w, 1928 5, 19225, 1753 m sh, 1741
s, 1711 s, 1648 m sh, and 1608 s br cm™L.
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tetracarbonylferrate, III, analogous to the well-known sodium salt,
Na,Fe(CO),.4
0cC CO——Yb(CsMes) o (THF)
e sMes) 5
-~ o

III

(THF)(CsMes)Yb—0C
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We recently reported that the conformational structure of
macrocyclic compounds provides a unique, well-defined medium
through which widely separated asymmetric centers may interact
effectively.! This conclusion follows from the observation that
simple monosubstituted macrolactones and macrocycloalkanones
undergo a variety of highly stereoselective addition reactions that
appear to be controlled by the conformation(s) of the macrocycle
involved. Mechanistic points aside, the major value of that work
lies in its implications to the synthesis of complex arrays of
stereocenters on conformationally flexible molecular frameworks.
In this communication, we describe our first application of the
approach as a central strategy for the control of acyclic stereo-
chemistry. Thus the lypophilic segment (1, R, R’ = H) of the
complex marine toxin palytoxin? (1, R = C,H;,0,4N,, R’ =
Cg,H,4,04N) was prepared stereospecifically from propylene
oxide via the medium ring lactone 2 (see Figure 1).

Selection of an appropriate macrocyclic intermediate for the
effective control of stereochemistry is crucial to the success of our
approach to remote asymmetric induction. The requirements for
such an intermediate would be simply that it be prepared easily
and that it react via a conformation that will yield the desired
relative stereochemistry at newly formed asymmetric centers. As
described below, the evaluation of potential systems in the context
of these requirements may be assisted by molecular mechanics
calculations.” These simple calculations are quite revealing with
respect to conformations and strain energies and suggest here that

(1) W. C. Still and L. Galynker, Tetrahedron, 37, 3981 (1981).

(2) R. E. Moore and G. Bartolini, J. Am. Chem. Soc., 103, 2391 (1981);
D. Uemura, K. Ueda, and Y. Hirata, Tetrahedron Lett., 2781 (1981), and
references therein.

(3) Review: N. L. Allinger Adv. Phys. Org. Chem., 13, 1 (1976).
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