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The reaction of the unsymmetric bisphosphanyl urea ligand In the present contribution, we will describe a palladium
P(OCgH3Bu'-2,4),N(Me)C(O)N(Me)PPh, with [Pd(cod)Cl;] (cod = complex containing a bidentate phosphoramidate ligand
1,5-cyclooctadiene) results in the chiral palladacycle (R,S)x-[Pd- where the complex displays planar and axial chiral elements.
(k%-P,P-{ P(OCgH3But>-2,4),N(Me)C(O)N(Me)PPhs} Cl. The chirality Title complex1 can be synthesized by mixing THF solu-

tions of the ligand and [Pd(cod)l(cod = 1,5-cycloocta-
diene) followed by precipitation with hexafid\o attempt
was made to separate the pair of enantiomers.

Crystals of1-THF suitable for an X-ray diffraction study
were obtained from THF/hexane solution (Figuré2§.The

Ch|ra||ty is avery important Concept in Chemistry and has palladium atom has the usual square planar coordination of
major implications in catalysis, biochemistry, and pharma- Pd(ll) with a P}-Pd1-P2 angle of 93.20(3) The central
cology to name but a fewChirality is described as central, Pd1~P1-N1-C1-N2-P2 ring is tilted by 58 along the
axial, and planar chirality depending on the dimension of N1—P2 vector effectively creating two chiral planes (Fig-
the chiral elementProminent examples include asymmetric ure 2). The two PetCl bond lengths are essentially equal
carbon and metal atonisgg form of atropisomerism known ~ (233.1(1) and 233.60(9) pm) whereas the two-Pdbond
as “axial chirality”# and substituted arene transition metal engths (217.77(9) and 221.78(9) pm) are not. A similar
carbonyl complexe%Axial chirality is defined by any one-

of the title compound is caused by the tilting of the central, six-
membered PdP,N,C ring along one of the two P—N vectors and
comprises two chiral planes and one chiral axis.

(8) Complexl was prepared by adding 285 mg (1 mmol) of [Pd(COD)-

dimensional chiral element known as an axis. This chirality Cl] to a solution of 713 mg (1 mmol) of P(QB:Bu%-2,4),N(Me)-
often, but not always, originates from a hindered rotation C(O)N(Me)PPRin 20 mL of THF. After stirring for 2 h, the solution
. was concentrated under reduced pressure and layered with 20 mL of
along the phenytphenyl C-C bond and is therefore a form hexane. The pale yellow product was filtered off and dried in vacuo.
of atropisomerisni.Other examples of axially chiral com- Crystals suitable for single crystal X-ray structure determination were
. . . i ° i 04)

pounds include allenes, alkylidene cycloalkanes, and spi- 908 o gg‘gc?‘o,flﬁé"{‘éjgaafzzfs e |§gjoeg);lmgé(773gg),(mp
ranes® Chirality caused by a tilted ring system is compara- 4H, o-Ph), 7.68 (m, 2Hp-Ph), 7.57 (m, 4Hm-Ph), 7.42 (s, 2H,

I a i i 3-C6HgBUt2), 7.24 (d,3JHH =84 Hz, 2H, S-GHgButz), 6.76 (d,aJHH
tively rar¢?whereas distorted chiral metalated macrocycles A Hz BH. 6.GHBu). 3.18 (d o, — B3 Hz 31 Me). 3.01

play an important role in biochemistf¢ (d, 3Jpy = 5.6 Hz, 3H, Me), 1.49 (s, 9H, By 1.29 (s, 9H, B).
13C{1H}: ¢ 157.24 (s, CO), 148.04 (s 1 147.88 (s, €), 139.51 (d,
TEMAU Greifswald. Jpc = 7.55 Hz,i-Ph), 133.99 (s, 8, 133.87 (s, @), 133.61 (d Jpoc =
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George-Bar-Strasse 1, D-01069 Dresden, Germany. E-mail: kuhl@iapp.de. 117.79 (s, €), 38.27 (s, NMe), 35.89 (£Me), 35.18 (CMe), 32.46
§ Universitd Leipzig. (s, NMe), 32.05 (s, ®le), 31.01 (s, ®e). 31P{1H}: 6 86.99 (s, PGN),
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two groups of three adjacent atoms that form two planes
without any atoms common to both. In contrast, the tilted
ring in 1 is best described as consisting of two groups of
four adjacent atoms that form two planes having two atoms
in common that form a chiral axis. In addition, both of the

two planes are chiral.

The tilt vector PE-N2 not only creates the chirality of
the molecule, but also is responsible for a general inequiva-
lence of the two phosphorus positions. As the ligand is
unsymmetrical with two different phosphorus atoms, the

plane (P1, Pd1, P2, N2) becomes chiral in its own right. Of
. the two diastereomers possible, only the one where the

S phosphino phosphorus is on the tilt vector (P1) is observed
Figure 1. ORTEP plot of1 showing 50% probability levels. Hydrogen for 1.
atoms have been omitted, and atoms of peripheric substituents were reduced |n a related molybdenum complex, both diastereomers are
in size for claity. obtained in a ratio of 85:1%.As the present Pd(ll) complex
is structurally closely related to the Mo(0) complex previ-
ously reported, the occurrence of a major and a minor
diastereomer was expected.

The absence of the minor diastereomer is confirmed by
multinuclear NMR studies'd, 3'P{*H}, and*3C{!H}) of a
bulk sample. The phosphorus NMR spectrum displays no
coupling between the two different phosphorus centers. As
dynamic behavior is known in tetrahedral nickel(0) com-
plexes of similar ligand&’ low-temperature NMR*H and
31P{1H}) was performed to find out whether the absence of
P—P coupling in the NMR spectrum of is due to the

inequality is observed for the two-N bonds (168.9(3) and palladium or dynamic behavior of the—Pd .bonqs' As
171.4(3) pm). The two longer bonds both contain the P1 expected, the spectra at 213 and 300 K were identical except

atom of the tilt vector PEN2. No inequivalencies in MP for a small temperature-dependent shift. Thus, the complex
and P-N bond lengths were reported in similar Pd, Pt, and can be considered to be temperature stable up to 300 K with

Mo complexes of CO(PRNR), (R = Me, Et)%3 Thus, the no racemization due to a fast dissociati@ssociation
electronic influence of the aryloxy substituents on P2 is the Lnechlargsm ot;:curr]nn]?. dRacemflzanon by rl'gg mverTlon dcan
likely cause for this observed bond shortening. Whereas most2€ "uled out by the findings of Suarez etabn a related
Pd-phosphoramidate bond lengths are longer than 226pm, rhodium complex. The authors show that fOL_Jr aryl _sgbsnt—
bond lengths between 217.5(5) and 218.2(2) pm have beert€NtS on the two phosphorus atoms are quite sufficient to
reported for Pd(ll) complexes dfl,N'-bisphosphitylN,N'- prevent any racemization without bond fISSI-On. _
dialkylhydrazines (alkyi= methyl1*2ethyl4). All other bond The reason for the absence of the other pair of enantiomers
lengths and angles are unremarkable. The unit cell has a cenfmains unclear. Since there is more space available on the
ter of inversion converting the one enantiomer into the other. Square planar palladium as compared to the octahedral

The two chiral planes are linked by two common atoms molybdenum complex, steric considerations in the resulting
the P1-N2 tilt vector. This vector effectively forms a chiral  ¢OMPlex do not seem to play a major role. However, steric
axis that is not independent of the two chiral planes. The "€8SONs cannot be ruled out for indermediates or transition
chiral information provided by this chiral axis is sufficient ~States during the displacement of the cod ligand.
to fully describe the chirality of the molecule, but the  The chirality of1 can be determined applying the well-
information is equally well provided by the two chiral planes. known rules developed by Cahn, Ingold, and Prélog.

It is worth mentioning that the tilted metallacycledris ~ Complexl posseses two chiral planes (P1, Pd1, P2, N2 and
not merely another puckered ring system. A puckered six- P1. N1, C1, N2). The pilot atoms for the chiral planes are

membered metallacycle can be described as consisting of°d1 (P1, N1, C1, N2) denoted p and 02/03 (P1, Pd1, P2,
N2) denoted pin Chart 1. As palladium has a higher priority

(13) Slawin, A. M. Z.; Wainwright, M.; Woollins, J. DDalton Trans 2001, than oxygen, the chiral plane p takes priority ovenithin
2724 and references therein. p, the order of priority as shown in Chart 1 is P1, N2, and
(14) (a) Reddy, V. S.; Katti, K. V.; Barnes, C. Inorg. Chem 1995 34,
5483. (b) Slawin, A. M. Z.; Wainwright, M.; Woollins, J. Malton
Trans 2002 513. (c) Korostylev, A. V.; Bondarev, O. G.; Lyubimov,  (15) Kihl, O. Dalton Trans 2003 949.
S.Y.; Kovalevski, A. Y.; Petrovskii, P. V.; Davankov, A. V.; Gavrilov, (16) (a) Kihl, O.; Junk, P. C.; Hey-Hawkins, EZ. Anorg. Allg. Chem.

Figure 2. Central metallacycle il and adjacent atoms.

K. N. Inorg. Chim. Acta200Q 303 1. (d) Wong, E. H.; Sun, X,; 200Q 626, 1591. (b) Kinl, O.; Langel, W.Inorg. Chem. Commun
Gabe, E. J.; Lee, F. L.; Charland, J.®rganometallics1991, 10, 2003 6, 74.
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Chart 1. Chirality of 1 as Described by the Chiral Planes (Tilt Angle
Emphasized)

P P Ph 3P
o S\ JIN\ r_cl
Pd N / Pd
a” b'\PN\ N v ,NP/ ci
oy \I\‘ /l/ |\

/ p O \ ’ O \

\ AY II /

R \ ’ R

Chart 2. Chirality of 1 as Described by A2 (Dotted Line)
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thus, the plane i§ for the left-hand molecule. In the other
molecule, created by the center of inversion within the
crystal, this plane becomd® The other chiral plane'ps
assigned the priorities P2, Pd1, P1 with the synthahd is
changed toS by the center of inversiotf Therefore, the
molecule is obtained as the racem&®R( R/S), p.

If the chiral axis is utilized to describe the chirality of the
compound, the situation simplifies. There are two chiral axis
(tilt vectors) possible, denoted PN2 and P2-N1, respec-
tively. Complex1 contains the axis PAN2 with the lower
priority P atom. It should thus be labeled A2 (A1 would be
the axis P2-N1), Chart 2. If one now views the molecule
along A2 from the near end (P1), the left-hand molecule in
Chart 1 becomeS and the otheR. SandR name the sense
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reported crystal structures. Only one pair of enantiomers is
possible in such complexes, and the chirality can be described
using either one of the chiral planes or the chiral axis.
However, the two phosphorus atoms remain formally in-
equivalent, and it remains to be seen if dynamic NMR would
be able to resolve the small difference of the two chemically
equivalent P atoms seen in the solid state. The chirality of
can be accurately described in terms of axial as well as
double planar chirality. As the description by axial chirality
has the advantage of simplicity, it should be prefefred.

As geometrical constraints could be responsible for tilt
vectors in otherwise planar rings, this type of chirality is
likely to be more common than presently thought. Chirality
caused by tilting requires a potentially planar metallacycle
whose planarity is prevented by geometrical constraints.
Geometrical constraints include large bond angle deviations
from the mean value (e.g., 108&r a pentagon or 120for
a hexagon) or a broad spread of bond lengths (e.g., 139 pm
for C—N, 170 pm for P-N, and 220 pm for P€P in 1).

For a potentially planar metallacycle, a degree of rigidity is
required that is not provided by pure single bonds. Some
double bond character will be needed, probably on all bonds.
In the metallacycle formed i, that is obviously the case
for the Pd-P bonds ¢-donor andr-acceptor properties), the
C—N bonds (amide character), and also theNPbonds for
which a varying degree of double bond character is discussed
in the literature?

In summary, we have described a metallacycle with a
novel type of chirality displaying two chiral planes and one
chiral axis. We have shown that for simplicity and consis-
tency it is preferable to describe the chirality of these
complexes in terms of axial rather than double planar

of direction along the shortest angle between the two chiral chirality. Itis likely that tilting is a general pathway to induce

planes going from the higher priority plane to the lower one.
The racemate would therefore be describedRiS) L.
Although chirality in closely related transition metal
complexes has only been reported for unsymmetrically
substituted bisphosphino urea ligadélsymmetrically sub-
stituted ones such as (PRIR),CX (R = Me, Et; X = 0O,
S)® also lead to chiral complexes as evidenced by their

(18) Following the CIP rules strictly, Cl would take priority over P, and in
the present case’ pvould be R. As both Cl atoms have identical
priority, p' could not be determined unambiguously if one of the
P—Pd-ClI angles exceeds 180Therefore, endocyclic ordering was
preferred.

chirality into an otherwise planar ring system.
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