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Summary: Using the bidentate ligand (R)-2-[(R)-phen-
ylsulfinyl]propionic acid (1), a range of new chiral-at-
metal complexes of general formula [(L)M(S,O)CI] have
been prepared where L = Cp*, M = Rh'"' (2), Ir''' (3), L
= p-cymene, M = Ru'' (4), Os" (5), and L = Cg(CHy3)s,
M = Ru'" (6) and S,0O is the monoanion obtained from
the K(t-BuO) deprotonation of 1. Molecular structures
for 2—6 are reported, confirming that these complexes
are formed with excellent stereospecificity at the metal
center in moderate (59%, 6) to excellent (92%, 3) isolated
single-isomer yields.

The chemical literature contains a wealth of reports
on the use of chiral bidentate ligands in the preparation
of complexes of transition metals which have applica-
tions in asymmetric catalysis.! The majority of these
reports focus on the use of a small number of by now
well-known ligands, usually diphosphines and phospho-
rus—nitrogen (P,N) ligands.? Although there are some
tremendously powerful reagents developed from this
basis, there are other approaches available which have
received relatively little attention and which may prove
as useful. With such an end in mind, we are interested

in the preparation of chiral-at-metal complexes® with
potential catalytic applications, especially examples
where their resolution is facile.*

A practical approach to this resolution involves the
use of chiral bidentate ligands with mixed donor sets,
so that complexation to prochiral metal fragments gives
diastereomeric products which can subsequently be
resolved. The appearance of a publication detailing the
highly efficient resolution of a chiral ruthenium com-
pound using a monodentate chiral sulfoxide ligand®
suggested to us the possibility of using chelating ligands
comprising such donor groups in this way.

A search of the literature for a suitable ligand yielded
the acid 1, which was previously prepared by Seebach
as part of an investigation into the methodology of chiral
sulfoxide preparation.® When deprotonated, 1 presents
a monobasic [S,0] donor set where the S(IV) can be
thought of as a much softer donor than the carboxylate
oxygen. As such, the monoanion of 1 is an excellent
prospect for our purposes, since the complexes formed
might also be expected to show an electronic asymmetry
toward any substrate coordinated to the metal transoid
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Scheme 1. Preparation of 2—62
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to the chelate,” thereby enhancing the likelihood of such
compounds being useful reagents.

The complexes 2—6 were all prepared by the same
route, outlined in Scheme 1. The preparation of 2 is
given as an example, along with the analytical data for
all complexes prepared.® The products 2—6 are expected
to have three chiral centers, two on the ligand and a
third on the pseudotetrahedral metal formed on com-
plexation. Initial predictions led to the expectation of
a mixture of isomers R,S,R and S,S,R, with the descrip-
tors referring to the metal, the S(1V), and C(2), respec-
tively. (The descriptor of the S(IV) changes on com-
plexation, as the lowest priority position in the free
ligand becomes the highest priority in the complex.)
However, the products isolated were exclusively R,S,S
in high yield. This encompasses two unexpected re-
sults: first, the selectivity in the formation of the chiral
metal, and second, the inversion of the chirality at C(2).
If we take the selectivity at the metal first, it seems
likely that this preference is a consequence of the steric
constraint imposed by the phenyl substituent on the
S(1V). The two possible configurations R and S at the
metal give rise to quite different dispositions of this
sterically demanding group relative to the polyhapto
ligand, so that in the S isomer this phenyl would be
brought very close to the ring ligand, whereas in the R
isomer these groups are oriented away from each other.
The molecular structure of 2 is shown in Figure 1 and
is isostructural with 3. The molecular structures of 5,
isostructural with 4, and 6 are given in Figures 2 and

(7) See for example: Faller, J. W.; Nguyen, J. T.; Ellis, W.; Mazzieri,
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(8) A solution of (R,R)-1 (77 mg, 0.38 mmol) and [Cp*RhCl;], (120
mg, 0.38 mmol) in thf (10 mL) was stirred for 30 h before the addition
of K(O-t-Bu) (42.5 mg, 0.38 mmol). The reaction mixture was stirred
for a further 2 h, giving a clear orange solution. The solvent was
removed in vacuo, the solid residue extracted with CH,Cl, (2 mL), and
this extract filtered through Celite. The slow diffusion of hexane vapor
into this solution at room temperature gave crystals of 2 in 82% yield
(160 mg). Mp: 180 °C. *H NMR: ¢ 1.27 (d, 3H, C(3)Hs3), 1.70 (s, 15H,
Cp*), 4.18 (q, 1H, C(2)H), 7.55—8.33 (m, 5H, CgHs). Anal. Calcd for
C19H2403SCIRN: C, 48.47; H, 5.14. Found: C, 48.21; H, 5.0. 3 was
prepared analogously in 92% yield. Mp: 175—176 °C. 'H NMR: 6 1.32
(d, 3H, C(3)Hs), 1.70 (s, 15H, Cp*), 4.15 (q, 1H, C(2)H), 7.54—8.29 (m,
5H, C¢Hs). Anal. Calcd for C1gH2403SClIr: C, 40.74; H, 4.32. Found:
C, 40.36; H, 4.25. 4 was obtained in 79% yield. Mp: 173—174 °C. 'H
NMR: 6 1.13 (d, 6H, C(CH3)2), 1.20 (d, 3H, C(3)H3), 2.18 (s, 3H, C(16)-
Ha), 2.80 (hept, 1H, C(17)H), 3.91 (q, 1H, C(2)H), 5.40—5.72 (m, 4H,
CgHa), 7.52—8.27 (m, 5H, Cg¢Hs). Anal. Calcd for C19H2,03SCIRu: C,
48.87; H, 4.75. Found: C, 48.58; H, 4.61. 5 was obtained in 72% yield.
Mp: 177—-178 °C. 'H NMR: ¢ 1.02 (d, 6H, C(CHj3)), 1.28 (d, 3H, C(3)-
Ha), 2.28 (s, 3H, C(16)Hs), 2.76 (hept, 1H, C(17)H), 4.05 (q, 1H, C(2)-
H), 5.55—5.89 (m, 4H, CgH,), 7.51—8.25 (m, 5H, CsHs). Anal. Calcd
for C19H2,03SCIOs: C, 41.04; H, 3.99. Found: C, 40.85; H, 4.06. 6 was
obtained in 59% yield. Mp: 194—196 °C. 'H NMR: ¢ 1.19 (d, 3H, C(3)-
Hs), 2.07 (s, 18H, Cs(CHs)s), 3.94 (q, 1H, C(2)H), 7.52—8.28 (m, 5H,
CsHs). Anal. Calcd for C,7H2703SCIRu: C, 50.86; H, 5.49. Found: C,
50.92; H, 5.31. All *H NMR spectra were recorded at 250 MHz in CDCl3
and referenced to external TMS.
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Figure 1. Molecular structure of 2, shown with 50%
thermal ellipsoids. Hydrogen atoms are omitted for clarity.

Figure 2. Molecular structure of 5, shown with 50%
thermal ellipsoids. Hydrogen atoms are omitted for clarity.

3, respectively.® Selected bond length and angle data
are presented in Table 1.

The chirality at C(2) in the starting material was
established by crystallography and by comparison of
spectroscopic and polarimetric data with those in the
original report of Seebach. It is evident that there is
an epimerization that takes place during the reaction,
but the origin of the stereoselectivity is not clear. The
free acid itself is isomerized rapidly in thf solution in
the presence of K(t-BuO), but under these conditions
there is no diastereoselectivity and a 50:50 mixture of
R,S and R,R is obtained. Since there is a selectivity in
this isomerization during these complexations, we con-
clude that the chiral complex formed on initial associa-
tion of the ligand with the metal directs the sense of
the reprotonation at C(2). Seemingly, then, this pre-
parative route gives simultaneous selectivity in the
chirality both at the metal and at C(2).

The 'H NMR spectra of the crude reaction products
2—6 indicate the presence of small amounts (ca. 1—5%)

(9) Structural data were collected using a Siemens SMART diffrac-
tometer using graphite-monochromated Mo Ko radiation. Crystal data
for 2: Ci19H2403SCIRh, 470.80, orthorhombic, space group P2;2,2;, a
= 9.51350(10) A, b = 14.3246(2) A, ¢ = 14.7892(2) A, V = 2015.43(4)
A3, Z =4, D, = 1.552 g/cm3, u = 1.098 mm~1, R (Ry) = 0.022 (0.054)
for 4689 observed reflections. 3: C19H2403SClIr, 560.09, orthorhombic,
space group P2,2:2;, a = 9.4732(3) A, b = 14.3708(4) A, ¢ = 14.8939-
(@) A, vV =2027.62(10) A3, Z = 4, D, = 1.835 g/cm3, u = 6.834 mm™1,
R (Rw) = 0.027 (0.053) for 4738 observed reflections. 4; Ci19H2303SCIRuU,
467.95, monoclinic, space group P2;, a = 8.5373(5) A, b = 11.8656(7)
A, ¢ =9.7966(6) A, g = 95.1950(10)°, V = 988.32(10) A3, Z = 2, D, =
1.572 g/cm3, u = 1.048 mm~1, R (Ry,) = 0.031 (0.050) for 3587 observed
reflections. 5: C19H2303SCIOs, 557.08, monoclinic, space group P2;, a
=8.5531(2) A, b = 11.8841(2) A, c = 9.76410(10) A, = 95.4060(10)°,
V =988.07(3) A3, Z =2, D, = 1.872 g/cm3, 4 = 6.708 mm1, R (Ry) =
0.031 (0.077) for 4112 observed reflections. 6: C,1H,703SCIRh, 496.01,
orthorhombic, space group P2;2;2;, a = 8.52870(10) A, b = 15.1311(7)
A, c=16.6571(3) A, V = 2149.58(5) A3, Z = 4, D, = 1.533 g/cm3, u =
0.969 mm~t, R (Ry) = 0.030 (0.066) for 4956 observed reflections.
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Figure 3. Molecular structure of 6, shown with 50%
thermal ellipsoids. Hydrogen atoms are omitted for clarity.

Table 1. Bond Lengths (A) and Angles (deg)

for 2—6
2 3 4 5 6
M-S 2.3205(5) 2.2854(11) 2.2931(7) 2.2938(13) 2.3082(7)
M—CI 2.4244(6) 2.422(12) 2.3996(8) 2.404(2) 2.4164(7)
M-0 2.096(2) 2.102(3) 2.087(2) 2.091(4) 2.104(2)
S-0 1.482(2) 1.479(4) 1.478(2) 1.468(4) 1.478(2)
M—Cay 2.165 2177 2.221 2.201 2.222
(arene)?
2 3 4 5 6
O—-M-S 78.24 78.92 77.60 77.82 77.98
M-S

—C(2) 99.91 100.89 100.57 101.2 99.82
Cl

S—-M— 94.15 94.07 89.58 89.19 90.59
O—M—ClI 87.64 84.85 86.20 85.05 86.14
O—-M-S 78.24 78.92 77.60 77.82 77.98

a Calculated as the arithmetic mean.

of compounds which are sufficiently similar to the
principal products to indicate that they are one of the
other possible isomers which could be formed. They are
formed in such small quantities that so far they resist
identification, and although we are currently pursuing
possible alternative routes to the isomers of 2—6, we
cannot identify these minor products with confidence.

The complexes prepared are of interest to us because
of their potential application in catalysis, especially for
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asymmetric hetero Diels—Alder reactions. Chiral sul-
foxides have a developed role in stereoselective synthesis
in their own right,1° but to our knowledge, only one
report has appeared detailing the use of a chelating
ligand comprising a chiral sulfoxide as a donor in
homogeneous catalysis, and in this instance the catalyst
species was not identified.1? To ascertain whether the
metals would be stereochemically rigid on dehalogena-
tion to form Lewis acid species, 2 was treated with 1
equiv of AgSbFs in thf solution. The solution was
filtered to remove AgCIl and then equilibrated for 2 h
before the addition of 1 equiv of PPh;. The 3P NMR of
the resulting solution revealed a single peak (+34.63
ppm, 1J{1Rh—31P} = 149.6 Hz), indicating that no
racemization had occurred, although this observation
does not preclude the possibility that the complex has
undergone an inversion.

We have demonstrated that it is possible to prepare
a range of single-isomer chiral-at-metal compounds in
high yield and high selectivity in a one-pot reaction
using an economically cheap chiral sulfoxide ligand. The
application of these complexes in homogeneous catalysis
is currently under investigation in our laboratory.
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