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The phosphapalladacycle derived from 1-(2',5'-dimethylphenyl)ethyldiphenylphosphine has been prepared in the
optically active and racemic forms. The phosphine was synthesized as a racemate by the treatment of 1-chloro-
1-(2",5'-dimethylphenyl)ethane with sodium diphenylphosphide in THF. The racemic phosphapalladacycle was
subsequently obtained as the chloro-bridged dimer by the treatment of the phosphine with palladium(ll) acetate
followed by anion metathesis with lithium chloride. Alternatively, the phosphine could be optically resolved via
metal complexation using (R,R)-bis(x-chloro)bis{ 1-[1-(N,N-dimethylamino)ethylnaphthyl-C? N} dipalladium(ll) as the
resolving agent. An efficient separation of the resulting diastereomeric complexes was achieved by silica gel
chromatography. The obtained optically resolved diastereomers were next subject to chemoselective removal of
the (R)-N,N-(dimethylamino)-1-(1-naphthyl)ethylaminate auxiliary by treatment with concentrated hydrochloric acid.
This process yielded the binuclear dimer complexes containing the resolved #*-P ligand. Cyclopalladation of the
coordinated phosphine could next be performed by treatment of its #%-P binuclear dimer with silver(l)
hexafluorophosphate(V) in a dichloromethane/water mixture followed by treatment with lithium chloride, giving rise
to a pair of optically pure enantiomeric dimers with [ap —322 and +319° in CH,Cl,. Despite the possibilities of
the phosphine to attain a five- membered structure by ortho-palladation or a six-membered ring formation by aliphatic
C-H bond activation, only the former was observed. X-ray crystallographic data of the meso dimer and an
acetylacetonate derivative indicated that the phosphapalladacycle a-C* methyl substituent was axially located. The
2-D 'H-'H ROESY spectrum of the acetylacetonate derivative further revealed that the phosphapalladacycle was
conformationally rigid in CDCls.

Introduction remarkable class of stereoselective syntheses, giving rise to
The use of chiral metalligand systems as promoters of molecular structures thet coulq serve as intermediates to more
various asymmetric organic transformations has continued ©°Mplex structures via additional synthetic procedures.
to remain very significant in the field of synthetic chemistry.
Among these, the chiral ligand bearing Lewis acid promoted )
asymmetric Diels-Alder reactior constitutes an extremely
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Chiral Phosphapalladacycle Complexes

Notably, we have been able to exploit the synthetic utility juncture onward could only proce@utermolecularly rather

of the asymmetric DielsAlder reaction for the construction  thanintramolecularly, which applies to the compléx As

of optically activeexatype diphosphines and functionalized suchendoe¢ycloadditions take place at the domain adjacent

phosphines bearing the norbornene skeleton with highto and cis with respect to the P€ bond of theN,N-

stereoselectivities. These processes commonly employ thgdimethylamino)-1-(naphthyl)ethylaminate palladacycle, one

optically active cyclopalladatedN,N-(dimethylamino)-1- may expect the aromatic'Hbroton to be more influential

(naphthyl)ethylaminate derivativkas a chiral auxiliary in ~ than the dimethylamino substituents in controlling the
stereochemical outcome of the reaction, since the reaction

Me= Me site next to the dimethylamino group has been rendered
N0 inactive by the presence of the Pl bond. It is therefore
(R Pd\ conceivable that the intermoleculeandecycloaddition has
R N proceeded with relatively low diastereoselectivity, after

taking into account the small size of thé proton. As a
consequence of its steric bulk deficiency, the proton alone
is usually ineffectual in conveying any stereochemical
information to the reaction site nearby.

the synthese.The chiral-inducing ability of this type of A solution to this deficiency was then provided by the
palladium(ll) complex stems from the various features of introduction of a bulkier spacer methyl group at position 5
the five-membered palladacycle. These include the transmis-on the aromatic ring. The design of this palladacycle complex
sion of vital stereochemical information originating from the was aimed at enhancing the chiral-inducing potential of the
conformationally robust palladacyéi€-“by (i) the dimethyl- palladacycle to the reaction site adjacent to the- €dond.
amino group to neighboring coordination site on the Pd &tom With a more pronounced steric bulk, this methyl substituent

and (i) the protruding aromatic protori kb the site adjacent
to the Pd-C bond?e
Similar asymmetricendocycloadditions have also been

was shown to exert a more significant influence than the
smaller H proton of the analogoubl,N-(dimethylamino)-
1-(1-naphthyl)ethylaminate palladacycle. Indeed, the deriva-

performed for the syntheses of optically active phosphanor- tive 3 was found to be a more efficient chiral promoter for

bornene ligand&di6ab By this approach, the originally
vacant site (from the ready release of the labile,Cligand)

in complex1 can be made unavailable by the substitution
of a chloride ligand instead, in the form of the compl&x
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Due to the thermodynamic and kinetic stability of the-Pd
Cl bond in the complex of this typearriving dienophiles

the asymmetric [4+ 2] endaecycloaddition involving ethyl
vinyl ketone as the dienophife.
The above complexes—3 contain instances of cyclopal-

become devoid of attachment to the reaction template like |5q4ated ligands of the N-donor tyB&which represent the
they were once capable of as in the case of the perchloratoost abundant type of palladacycles of other various ligating

bound complexl. The implication of this situation is that
any [4 + 2] cycloaddition that might take place from this

(3) (a) Leung, P. H.; Loh, S. K.; Mok, K. F.; White, A. J. P.; Williams,
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J. J.; Tan, G. K.; Selvaratnam, S.; White, A. J. P.; Williams, D. J.;
Leung, P. HOrganometallic2003 22, 3944. (e) Leung, P. H.; Qin,
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tallics 1996 15, 3640.

heteroatom donots that are available. Truly, one can
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appreciate the importance of cyclopalladated complexes byScheme 1

a consideration of their very diverse applicatidh#n line o OH a
with our continued interests of expanding the structural @ |" @ "
diversities of this class of promising organopalladium NaBH, PCl3
complexe&%Pb10%gr the purpose of enhancing their efficien-
cies as promoters for various asymmetric transformations and

5 6 7

taking into consideration the above demonstrated potential
of the chiral aminate palladacyck& a modification of the
structure 3 could be made by the introduction of the

phosphine-based palladacydeas an addition to this rare Na* PPhy’
Ph\ /Ph PPh,
[ cl *
@|" N K ®
Pd\ i) Pd(OAG),
5, ~ woa
4 9 8

class of P-donor palladacycles that have been prepared instarting from the ketons. The product of a simple reduction
the optically active forms?«e . of the ketone5 using sodium borohydride in ethanol was
In this paper, we report (a) the synthesis of the palladacycle optained as a colorless oil after workup in an overall good
4in the optically active form, followed by (b) a stereochem- yje|d of 89.4%. The!H NMR spectrum (CDG) of the
ical investigation of the chiral cyclic organopalladium aicohol6 exhibited a quartet and a doublet resonancé at

structure. In developing potential chiral Lewis acids for use 511 and 1.46. These characteristic signals are assigned to
in future asymmetric transformations, stereochemical proper-

ties pertaining to these chiral inductors are fundamental and(10) (a) Alyea, E. C.; Ferguson, G.; Malito, J.; Ruhl, BQrganometallics

therefore must be vigorously examifées an avoidance
against committing crucial misinterpretations that may further
propagate in subsequent research that are built on these
interpretations as foundations. Thus, it is in our opinion that
an emphasis be placed on point b above, prior to evaluating
the effectiveness of the target palladacycle in various
applications.

Results and Discussions

Synthesis of the Phosphine Ligand and Its Cyclopal-
ladation. As illustrated in Scheme 1, the synthesis of the
key racemic phosphine ligand was accomplished in a
sequence of three standard functional group interconversions,

(9) (a) Leung, P.-H.; Ng, K. H.; Li, Y. X.; White, A. J. P.; Williams, D.
J. Chem. Commun1999 23, 2435. (b) Li, Y. X.; Ng, K. H;
Selvaratnam, S.; Tan, G. K.; Vittal, J. J.; Leung, P @figanometallics
2003 22, 834. (c) Keuseman, K. J.; Smoliakova, I. P.; Dunina, V. V.
Organometallic2005 24, 4159. (d) Dunina, V. V.; Razmyslova, E.
D.; Kuz'mina, L. G.; Churakov, A. V.; Rubina, M. Y.; Grishin, Y. K.
Tetrahedron: AsymmetrdQ99 10, 3147. (e) Fuchita, Y.; Yoshinaga,
K.; Ikeda, Y.; Kinoshita-Kawashima, J. Chem. So¢cDalton. Trans.
1997 2497. (f) Vicente, J.; Saura-Llamas, I.; Jones, PJGChem.
Soc, Dalton. Trans.1993 3619. (g) Albert, J.; Cadena, M.; Granell,
J. Tetrahedron: Asymmetr#997 8, 991. (h) Vicente, J.; Saura-
Llamas, I.; Cuadrado, J.; Rarar de Arellano, M. COrganometallics
2003 22, 5513. (i) Lope, C.; Bosque, R.; Solans, X.; Font-Bardia,
M. Tetrahedron: Asymmetr§996 7, 2527. (j) Albert, J.; Gmez,
M.; Granell, J.Organometallics199Q 9, 1405. (k) Albert, J.; Granell,
J.; Sales, J.; Font-Bai M.; Solans, XOrganometallics1995 14,
1393. (I) Zhao, G.; Yang, Q.-C.; Mak, T. C. \@rganometallicsl999
18, 3623. (m) Peterson, D. L.; Keuseman, K. J.; Kataeva, N. A ;
Kuz'mina, L. G.; Howard, J. A. K.; Dunina, V. V.; Smoliakova, I. P.

1989 8, 1188. (b) Herrmann, W. A.; Brossmer, C.;fale, K.;
Reisinger, C.-P.; Priermeier, T.; Beller, M.; FishcherAdgew. Chem.,
Int. Ed. Engl.1995 34, 1844. (c) Herrmann, W. A_; Reisinger, C.-P;
Ofele, K.; Brossmer, C.; Beller, M.; Fishcher, H. Mol. Catal., A:
Chem.1996 108 51. (d) Brunel, J. M.; Heumann, A.; Buono, G.
Angew. Chem.Int. Ed. 200Q 39, 1946. (e) Albert, J.; Bosque, R.;
Cadena, J. M.; Delgado, S.; Granell, J.; Muller, G.; Ordinas, J. L.;
Font-Bardia, M.; Solans, XChem—Eur. J.2002 8, 2279. (f) Shaw,
B. L.; Perera, S. D.; Staley, E. £hem. Communl998 1361. (g)
Dunina, V. V.; Gorunova, O. N.; Livantsov, M. V.; Grishin, Y. K;
Kuz’'mina, L. G.; Kataeva, N. A.; Churakov, A. Mnorg. Chem.
Commun200Q 3, 354. (h) Ohff, M.; Ohff, A.; van der Boom, M. E_;
Milstein, D.J. Am. Chem. S0d.997, 119 11687. (i) van der Boom,
M. E.; Liou, S.-Y.; Ben-David, Y.; Shimon, L. J. W.; Milstein, D.
Am. Chem. Socl1998 120, 6351. (j) Longmire, J. M.; Zhang, X.;
Shang, M.Organometallics1998 17, 4374. (k) Dunina, V. V
Gorunova, O. N.; Kuz'mina, L. G.; Livantsov, M. V.; Grishin, Y. K.
Tetrahedron: Asymmet}999 10, 3951. (I) Dunina, V. V.; Gorunova,
O. N.; Livantsov, M. V.; Grishin, Y. K.; Kuz’'mina, L. G.; Kataeva,
N. A.; Churakov, A. V.Tetrahedron: Asymmetr200Q 11, 3967.
(m) Williams, B. S.; Dani, P.; Lutz, M.; Spek, A. L.; van Koten, G.
Helv. Chim. Acta2001, 84, 2519. (n) Morales-Morales, D.; Cramer
R. E.; Jensen, C. Ml. Organomet. Chen2002 654, 44. (o) Ng, J.
K.-P.; Tan, G.-K.; Vittal, J. J.; Leung, P. Hnorg. Chem 2003 42,
7674. (p) Albinati, A.; Affolter, S.; Pregosin, P. 8rganometallics
199Q 9, 379. (q) Bedford, R. B.; Draper, S. M.; Scully, N.; Welch, S.
L. New J. Chem200Q 24, 745. (r) Bedford, R. B.; Welch, S. IChem.
Commun2001, 129. (s) Sokolov, V. I.; Bulygina, L. A.; Borbulevych,
0. Y.; Shishkin, O. V.J. Organomet. Chenl999 582 246. (t) Alyea,
E. C.; Ferguson, G.; Malito, J.; Ruhl, B. Can. J. Chem1988 66,
3162. (u) Ferhadez-Rivas, C.; Qaenas, D. J.; Mam+Matute, B.;
Monge, A.; Gutierez-Puebla, E.; Echavarren, A. rganometallics
2001, 20, 2998. (v) Fuchita, Y.; Hiraki, K.; Yamaguchi, T.; Maruta,
T.J. Chem. So¢Dalton Trans.1981, 2405. (w) Dupont, J.; Beydoun,
N.; Pfeffer, M.J. Chem. So¢Dalton Trans.1989 1715. (x) Dupont,
J.; Gruber, A. S.; Fonseca, G. S.; Monteiro, A. L.; Ebeling, G.; Burrow,
R. A. Organometallics2001 20, 171. (y) Vicente, J.; Abad, J.-A.;
Hernandez-Mata, F. S.; Jones, P. G.Am. Chem. So2002 124,
3848.

J. Organomet. Chen2002 654, 66. (n) Bohm, C.; Wenz, K.; Raabe, (11) (a) Dupont, J.; Consorti, C. S.; Spenceliem Re. 2005 105 2527.

G. J. Organomet. Chen2002 662 23. (0) O’Keefe, B. J.; Steel, P.
J. Organometallics2003 22, 1281. (p) Sumby, C. J.; Steel, P. J.

(b) Dupont, J.; Pfeffer, M.; Spencer, Bur. J. Inorg. Chem2001
1917.

Organometallic2003 22, 2358. (q) Levrat, F.; Stoeckli-Evans, H.; (12) (a) Brunner, H.; Zwack, TOrganometallics200Q 19, 2423. (b)

Engel, N.Tetrahedron: Asymmetr00Q 11, 2907.
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(opm) Figure 2. Molecular structure of complemesa9.

Figure 1. S3P{1H} NMR spectra of £)-9 at 300 and 223 K. Table 1. Selected Bond Lengths (A) and Angles (deg)uése9
Pd(1)-C(1) 2.0193) Pd(BP(1) 2.217(2)
. . d | : d(B-Cl .
the methine proton and the protons of the methyl substituent E(S_*Cc(é)l ) i_jﬁ§§i§ E(g}cc(g()l A 21‘;;117((?)
of thea- C* atom correspondingly. The two methyl groups  P(1)-C(9) 1.848(3) C(9)yC(10) 1.534(4)
on the aromatic ring are revealed expectedly as two intense, ?(1-C(16) 1.823(3)  P(HC(17) 1.825(3)
C(1)~Pd(1)-P(1) 78.1(8)  C(1}Pd(1)-CI(1A)  96.5(1)

closely spaced individual three-proton singletd 2t30 and P(1-Pd(1}-CI(1) 102.9(1)  CI1-PAA)-CI(1A)  85.3(1)
2.34. PA(1)-Cl(1)-Pd(1A) 94.7(1)  Pd(BC(1)-C(®6)  119.3(2)
The intermediat@ was obtained as a colorless liquid by ~C(1)~C(6)-C(9) 116.7(2)  C(6yC(9)-P(1) 99.7(1)
the chlorination of the alcohd using the chlorinating agent
PCk. Treatment of the alkyl chloride7 with sodium
diphenylphosphide gave the racemic phospBiase a viscous
and colorless oil in 98.0% yield. While the phosphine was
represented as a singlet’a8.5 in its3*P{*H} NMR spectrum
(CDCl), the appearances of the expect#-H spin—spin
couplings for thex-methyl €Jpy = 14.5 Hz) andx-methine
(3Jpy = 7.2 Hz) protons were observed in thel NMR

of the cyclopalladated complex, which exists as a mixture
of six isomers in solution. These are the chiaati-(R,R),
anti-(S9), syn (RR), andsyn(SS as well as the achiral,
meso ant(R,S) andsyn(R,S) isomers, in which both isomers
of the first two pairs of are enantiomeric and cannot be
distinguished from each other by routine NMR spectroscopy.
It is noteworthy that two modes of phosphapalladacycle

o formation may be accomplished in this complex synthesis
spectrum (CDG). We may take note of the more efficient  gcheme 2). In common with the general preference of

coupling between the-methyl protons and the attach&e ligands to assume a five-membered ring when choices of
nucleus, despite the longer distance between these protong;q, ring sizes are available, the formation of a six-
and the*’P nucleus. Similar to its 1-(1-naphthyl)ethyldiphen-  empered ring.0 (path b) via the activation of the aliphatic
ylph.osphine analogu¥? the phosphin@& is highly sensitive C—H bond of C(2) methyl group was not observed.
to arr. The X-ray crystallographic studies of the racemic dimer
The cyclopalladation process was carried out by the 9 reveal that the complex has crystallized in thesg anti-
treatment of the racemic phosphine with Pd(GAfllowed (S R) form (Figure 2). Selected bond lengths and bond angles
by the in-situ chloride metathesis with LiCl to arrive at the are given in Table 1. The structure consists of tamti-
dimer9 as yellow crystals in 77% yield. As shown in Figure disposed mirror-image halves, and each half of the structure
1, the racemic chloro dimer appeared as two broad, overlap-represents an asymmetric unit. The central four-membered
ping singlets ad 58.3 and 59.5 in it&'P{*H} NMR spectrum {Pd(u-Cl)z} cycle forms a regular plane, and the-Rg,
(CDClIs) at 300 K. However, when the NMR sample was Pd-P, and Pe-Cl bond lengths fall in the expected range
cooled to 223 K, both peaks become resolved into four of values for a similar phosphapalladacycle compléfes.
singlets at) 58.8, 59.7, 59.9, and 60.9 in unequal amounts.  In agreement with an anticipated steric effect presented
These NMR signals are consistent with the nonchiral form by the introduction of the spacer methyl group at the aromatic

Scheme 2

|:,/ PPh, \P _-Ph ‘lﬁ,

g \Pd/
A\

H [Pd(I)] [Pd(ID]
ey S
10 8 4
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Scheme 3

Me
:N/ " Cl
R|" \Pd/
N\,
(R
SoLe
(R R)-12 (R S)-12
i) separation of diastereomers
ii) conc. HCI
Ph\ Ph\
_Ph %, _Pn
P Cl P Cl
TR\ / D Q(
Pd Pd
CI/ CI/
2 2
(R R-13 (S, S)-13
i) AgPFg
ii) LiCl
P ph
P< o
R Pdgf
2
(R R-9 (S S)-9

C(2) atom, the palladium atom was noted to experience a(m.c.pl.). In addition, the torsion angle for the four atoms of
pronounced tetrahedral distortion, provided by the dihedral C(2)—C(1)—Pd(1)-CI(1A) has been dramatically increased
angle of 23.7 between the P(H)Pd(1)-C(1) and CI(1)- from 9.5 to 19.3to 55.7 involving these four similar atoms
Pd(1)-CI(1A) planes. As a comparison, a similar distortion for the previously reported analogous complex, in which a
around the coordination environment of the palladium atom spacer group was abséft.Such a significant increment is

in the chloro §9 dimer of the ortho-palladated 1-(1- undoubtedly related to the need of minimizing the interligand
naphthyl)ethyldiphenylphosphitf& has been found to be repulsions present between the bridging CI(1A) atom and
insignificant, at 2.5-2.7°. The distortion from planarity was the spacer methyl group at C(2) atom. The puckering of the
further indicated by the mean vertical displacement of 0.2459 five-membered palladacycle ring is significant and is exem-
A for the five atoms from the mean coordination plane plified by the mean intrachelate torsion angle of 31far

9878 Inorganic Chemistry, Vol. 44, No. 26, 2005
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the palladacycle ring. As such, the extent of ring puckering c13
is more severe for this system than those derived from the
ortho- palladated{ 1-(1-naphthyl)ethyldiphenylphosphine
(16.7-21.0°) and{ 1-(1-naphthyl)ethyldiphenylarsine (160

20.3) systems The ring puckering generates diastereo-
topicity on bothP-phenyl substituents; the chemical non-
equivalence between both phenyl rings is thus provided by %‘,
the positions of these phenyl rings with respect to the m.c.pl. WA _
The {C(11-16)} phenyl ring is considered axial while the \ X Q) § R e
{C(17—-22)} phenyl ring is equatorial. These conclusions are ce
made on the basis of the angles between the-R{{ipso
carbon atom) bond and the normal to the m.c.pl., in which
the values of 9.9 and 58.2pply to the P(1)C(16) and
P(1)>-C(17) bonds, respectively. The C(9) and C(9A) atoms
hold opposite absolute configurations and hence opposite ringTable 2. Selected Bond Lengths (A) and Angles (deg) Bfg-12

Figure 3. Molecular structure of complexx(9)-12.

conformations. The methyl substituents on both atoms were pg(1)-c(1) 1.944(3)  Pd(EyN(1) 2.152(3)
noted to assume axial dispositions: the G{€(10) bond Pd(1)-P(1) 2.245(1)  Pd(HCI(1) 2.401(1)
subtends an angle of 27.4ith respect to the normal to the “ggjgﬁ‘l‘; ijgggﬁfﬁ ’l;‘((gcc((llg)) i:gg%g
m.c.pl. The need to assume such a conformational state isp(1)-c(25) 1.828(4) P(HC(31) 1.823(3)
most probably associated with the necessity to avoid an C(15-C(17) 1.511(4) C(1AC(22) 1.376(5)
unfavorable steric repulsion between this methyl group and C(1)-Pd(1)-N(1) 80.9(1)  C(1)-Pd(1)-P(1) 93.5(1)

the spacer methyl group on the aromatic C(5) atom, when it Hﬁ;ﬁﬁﬁ?@f@) 1;2.'53((11)) g((ll;lfg((ll)tg((ll)) 1‘953:;((3

is equatorially oriented instead. This can be supported by c(31)-P(1)-Pd(1)  115.2(2) C5)P(1)-Pd(l) 112.8(1)
the close proximity of 2.630 A between the equatorially C(15)-P(1)-Pd(1)  109.9(1) P(HC(15)-C(17) 113.8(2)
disposed H(9) atom with the C(8) atom of the spacer methyl C(15)-C(17)-C(22)  119.1(3)

substituent. The close approach of these two atoms is
significant when comparing the above distance with the sum
of the van der Waals radii of 3.0 A for carbon and hydrogen
atoms.

Preparation of the Phosphapalladacycle in the Opti-

diastereomers were readily distinguished as two different
bands with different retention times. The fractions were
separately eluted and were further checked'®{*H} NMR
spectroscopy for their optical purities. In this manner, both
diastereomers were separated efficiently, and thus, the optical

cally Active Form. In principle, the prepared racemic purities were revealed by the appearance of only one peak
hosphapall icall I h . : X
phosphapalladacycizmay be optically resolved by the use n the 3P{'H} NMR spectrum of each diastereomer. In its

of suitable resolving agents such as amino acidate salts sincd" " : .
this method of obtaining the palladacycle in the optically optically pure form,'the first eluted diastereome?,-12,
active forms has been documenfed-'9d.a However. the was readily crystallized from ethyl acetate and hexanes as

attempted separation of th&{prolinate derivatives ofl5 yellow prisms in an oyerall yield of 83.6% W'tm[’ —13%
by fractional crystallization was rather unsuccessful and, at (CH2Cl2)- The other diastereomeRR)-12, was isolated as
best, afforded only partially resolved diastereomeric mixtures. an ana]yﬂcally pure amorphous yellow powder in 71.5%
As such, we have performed, according to Scheme 3, any'EId with [a]p +98° (CHZCIZ)'_ _
effective optical resolution of the phosphifeby metal The absoluteR,S) configuration of the diastereomer was
coordination as a monodentate ligand, followed by a two- confirmed by the X-ray diffraction studies of the complex.
step procedure to arrive at the optically active phosphapaI-The complex exists as two independent molecules in the unit
ladacycle dimer9. Thus, the treatment of the racemic cell, and both molecules are only slightly different in terms
phosphine with the resolving agenRR)-11 led to the of their geometric parameters. For clarity, only one of these
expected formation of a pair of diastereomeric adduRR)f is presented (with the accompanying humbering scheme) in
and R.S)-12in equal amounts. This was revealed from the Figure 3, and its selected bond lengths and bond angles are
31pf1H} NMR spectrum (CDG) of the crude mixture, in given in Table 2. The tetrahedral distortion around the
which the two diastereomers were presented as two clearlyPalladium coordination environment is moderate and is
well-separated peaks at45.1 and 49.6 of equal integral Provided by the dihedral angle of 9.between the[N—
intensities. The initial separation of the two diastereomers Pd—C} and {CI—Pd-P} planes (and 10:8for the other
by fractional crystallization was unsuccessful as crystalliza- Mmolecule).
tion could not be induced despite the use of an array of In accordance with Scheme 3, the next preparative step
solvent systems with different polarities. Nevertheless, the toward the development of tletho-palladated phosphapal-
neutral nature of these complexes has presented us with thdadacycle9 in the optically active form proceeded with the
alternate option of diastereomer separation by column removal of the homochiralR)-1-(1-naphthyl)ethylaminate
chromatography. Thus, the 1:1 diasteromeric mixture was auxiliary by hydrolysis in concentrated HCI. The separate
slowly eluted through a silica gel column with hexanes/ethyl transformations of R R)- and R],S-12 led to the binuclear
acetate (4:1, v/v) as the mobile phase from which the two optical antipodes,RR)- and §9-13, as analytically pure
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available coordination sites for-€H bond activation and
hence cyclopalladatiol?. Electronically, the removal of
chloride ligands from the coordination sphere of the metal
center would also generate a stronger electrophiléjPd
which is necessary for the crucial stage of the cyclopalla-
dation reaction, i.e., the presumable electrophilic attack on
the ortho-palladating aromatic rin§f. The cyclopalladation
process employed a two-phase reaction mixture comprising
a dichloromethane solution of the binuclear comp&and
aqueous AgPg&in the absence of an external base. Upon
chloride abstraction and subsequent cyclopalladation, a
solvated ionic intermediate of the tyfid could be expected.
While this intermediate was not isolated, it was presented
from its31P{*H} NMR spectrum (CDG) as a series of peaks
ato 62 and a septet resonancedat-144 corresponding to
the Pk~ counterion. Thus, the conversion of the intermediate

Figure 4. Molecular structure of complex§9)-13.

Table 3. Selected Bond Lengths (A) and Angles (deg) 8813 speciesl4 to the dichloro dimer9 was achieved by the
Pd(1)-P(1) 2.239(2) Pd(2P(2) 2.236(2)

Pd(1)-CI(1) 2.264(2) Pd(2yCI(2) 2.274(2) B Ph e
Pd(1)-CI(3) 2.335(2) Pd(2)Cl(4) 2.332(2) \ _-Ph

Pd(1)-CI(4) 2.448(2) Pd(2)CI(3) 2.409(2) RN /S"'Ve“t
P(1)-C(9) 1.889(5) P(2yC(31) 1.867(5) * pg

P(1)-C(11) 1.807(7) P(2C(33) 1.821(7) AN
P(1)-C(17) 1.807(7) P(2}C(39) 1.811(6) solvent
C(6)-C(9) 1.487(7) C(28YC(31) 1.536(6)

C(1)-C(6) 1.382(7) C(28)YC(23) 1.392(6) i
P(1)-Pd(1)-Cl(1) 96.47(7)  P(2-Pd(2)-Cl(2) 94.07(7) - -
P(1-Pd(1)-CI(3)  88.1(1)  P(2}-Pd(2)-Cl(4) 90.3(1) 14

Cl(1)-Pd(1)-Ci(3) 175.2(1)  CI2}Pd(2-Ci@d)  174.2(1)
PAr-Pd(1)-Cl(4) 172.3(1)  P(XPd@)-CI3)  175.1(1)

CI(1)-Pd(1)-ClI(4) 91.0(1) CI(2)-Pd(2)-CI(3) 90.2(1) addition of LiCl to the reaction mixture. In this manner, the
CI(3)-Pd(1)-ClI(4)  84.4(1) CI(3)-Pd(2)-CI(4) 85.3(1) targeted RR)- and §9-9 enantiomers were obtained as
Pd(1)-CI(3)-Pd(2)  95.6(1 Pd(2)Cl(4)—Pd(1 94.7(1 i ; _ ;

° d§ 1)tp ((1))_0 (1(1)) 103.58 P d%p ((2))—0 (3(3)) 103.252; yellow amorphous solids witofp —322 and+319 (CHz
PA(1-P(1)-C(17) 109.6(2) Pd(2)P(2)-C(39)  109.9(2) Cl,) correspondingly. In solution, the optically active dimer
Pd(1)-P(1}-C(9)  125.6(2) PA(2P(2-C(31)  117.2(2) 9 was revealed as a broad singlet onlydab9.9 from its
P(1)-C(9)-C(6) ~ 116.8(3)  P(2yC(31)-C(28)  111.2(3) 31p{1H} NMR spectrum (CDG) at room temperature, which

cO-cE-cm) 121.8(4) CELC(28)-C(23)  119.1(4) represents a contrast to that of the racemate (Figure 1). The

red crystals in the respective yields of 92.1% and 99.4%, spectroscopic appearance of the NMR signal was temperature
respectively. Their enantiomeric relationship was established.dependem' below 300 K, the broad resonance was resolved

from the opposite signs but nearly identical magnitudes of lngo two jlnglgts inca. 1.5:1 rﬁtlo while thehpeak V\g(;ltg &vash
the specific optical rotation measuremente]d +334° for observed to decrease upon heating, so that, at , the

the former and—335 for the latter were recorded in GH signal was displayed as a sharp singlet. This behavior was
cl, reversible and was correlated to the isomerism ofsyng

An X-ray diffraction study of the $S)-13 complex was an_:_lhcofmple}(]es 'R SOIUt'r?n' hapallad | |
performed, whose molecular structure is presented in Figure | ¢ fact that these phosphapalladacycle complexes were

4, and its selected bond lengths and bond angles are provide(Eregar.ed i-n_the ﬁptically pure fcoer wascjfurthegte(jgtablished
in Table 3. The structure reveals anti geometrical isomer, y derivatizing the racemic anRR)- and §3-9 dimers

in which both phosphine ligands occupy two diagonally tc; g;zeir cpr.respondingS)-proIinatz fderivativESLS.'AIpair' q
opposite ends of the structure. The binuclear complex0 regloisomers was generated from each optical antipode

consists of two crystallographically independent halves with ?f 9 b«:\r(]:ause of thetpos|5|bllltty of gfe‘t)r:net”C 'IS_OFT:erISrrF Iartlsmg
minor variations in the structural parameters. In contrast to E)_m e5asy_|r_rr1]mglgcl?_| na ureto fS)t(r?ro inate cl_e "f: €
the situation in thertho-palladated dime®, both palladium (Figure '5). The*P{*H} spectra of these J-prolinate

atoms of §9)-13 are in essentially planar environments. This der_ivatives_ are shown in Figure 6. From F_igure §a,b, the
is indicated by the dihedral angle between the planes optical purity of each enantiomer 6fwas readily confirmed

{P—Pd—terminal C} and{CI(3)—Pd—CI(4)} of 2.3-4.4°. by the appearance of a pair of singlets corresponding to the

The central four-memberddPds(u-Cl);} ring is planar since P&/l of E- and Z-egioisomers, whose formations were

an angle of 0.9 was found between theCI(3)—Pd(1)- specific to the gnantlomerlc form of the d.er@rIn fact, the

CI(4)} and{(CI(3)—Pd(2)-CI(4)} planes. speptrum obta_lned frqm the racemate (Figure 6c¢) represents
The cyclopalladation process comprised of the use of a direct superimposition of the other two spectra.

excess AgP§as an agent for chloride abstraction from the (13) Avshu, A.; O'Sullivan, R. D.: Parkins, A. W.. Chem. SogDalton.

binuclear complexL3, in which the process should create Trans.1983 1619.
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Z-(S S)-15

P

'l_ /Ph o
R O
R|" F’d/
\N\‘“‘" H
H/
Z-(R S)-15 E-(R S)-15

Figure 5. The four diastereomers db.

a) (R, R) -9 + (S) — prolinate
Figure 7. 2D'H—H ROESY NMR spectrum (CDG) of (S)-16. Selected

NOE interactions: (A) ¢-C*Me)—(C>-Me); (B) (C>-Me)—(a-C*H); (C)

(a-C*Me)—(a- C*H); (D) (acac-Me)-(acac-CH); (E) (acac-Mp-(acac-
CH); (F) (C-Me)—H3; (G) (C3-Me)—H?# (H) (a-C*H)—(ax ortho-PPh);
() (a-C*H)—(eq ortho-PPh); (J) @-C*Me)—(eq ortho-PPh). Solvent
signals: B, H,0O; ¢, CH.Cly; O, CDCh.

! aliphatic groups, and the absence of any aromatic protons
b) (S, S) -9 + (S) - prolinat L .
)(5.8) =9+ (8) - prolinate within the acetylacetonate framework will therefore not

contribute to the complexity at the aromatic region of the

IH NMR spectrum. Most importantly, as the chelated
acetylacetonate ring is planar and is nonchiral, we may
therefore expect the observed phosphapalladacycle confor-
mational behavior to be intrinsic and not be imposed by that
of the adjacenf-diketonate chelate.

The'H and'H—*H ROESY NMR spectra of9)-16 are
shown in Figure 7. The appearance of the three-proton singlet

resonance of the C(5)-methyl substituent immediately rules
M out the six-membered phosphapalladacycle structife
56.0 55.0 54.0 53.0 52.0

c) Racemic - 9 + (S) - prolinate

(Scheme 2). This intense singlet resonance was differentiated
from the other three-proton singlet resonance attributed to
the C(2)-methyl substituent by its NOE signals with the
resonance of thex-methyl (interaction A) and methine
protons (interaction B) from the 2EH—'H ROESY NMR
spectrum. The two aromatic *Hand H protons were
Stereochemical Investigations of the Phosphapallada-  distinguished from each other by their selective NOE contacts
cycle.In solution, the'H NMR spectroscopic characterization ~With either the C(2)- or C(5)-methyl protons (interactions F
of the chiral phosphapalladacycle was assisted by a combinaand G).
tion of IH{3'P} and 2D'H—'H ROESY NMR spectroscopy The conformational behavior of the five-membered phos-
experiments performed on thiediketonate derivativeS)- phapalladacycle was deduced from NOE data obtained from
16, with [o]p +502 (CH,Cly). This derivative was prepared the 'H—H ROESY NMR spectrum. The-- methine and
efficiently from the reaction between thg§%)-9 dimer and methyl protons exhibit characteristic NOE interactions with
sodium acetylacetonate. The mononuclear complex is morethe o- PPh protons that are key indications to the confor-
suitable for NMR spectroscopic studies of the organopalla- mational state of the phosphapalladacycle. These comprise
dium ring on account of the improved spectral resolution of the existence of NOE contacts betweendhaethine proton
the signals with respect to that from its parent dimer. and both sets of diastereotomePPh protons (interactions
Moreover, the simplicity of the!H NMR spectroscopic H and I) and the observed steric interaction between the
signals that are presented by the acetylacetonate ligand isx-methyl substituent with only one set of tbePPh protons
another attractive feature. It possesses only protons from(interaction J). For the phosphapalladacycle with t8g (

60.0 59.0 58.0 57.0
(ppm)
Figure 6. Optical purity determinations oRR)- and §9-9.
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Figure 9. Molecular structure of complex§[-16.

Table 4. Selected Bond Lengths (A) and Angles (deg) §E16

Pd(1)-C(1) 2.0193)  Pd(1yO(1) 2.076(3)
Figure 8. Sawhorse and Newman projections for thando conforma- Pd(1)-P(1) 2.195(1) Pd(BHO(2) 2.100(3)
tions of the chiral five-membered phosphapalladacycle. (Curved arrows p(1)-c(17) 1.819(3) P(1HC(11) 1.825(3)
denote possible NOE interactions.) P(1)-C(9) 1.827(3)  C(6)C(9) 1.507(4)
C(1)-C(6) 1.412(5)

absolute configuration at tree-C* atom, an agreement with C(1)-Pd(1)-0O(1) 93.1(1) C(1}Pd(1}-0(2)  178.0(1)
such an observed NOE pattern can only be met byithe ©(1)-Pd(1)-0(2)  88.7(1) C(1yPd(1)-P(1)  77.9(1)

o . . : ; O(1)-Pd(1)-P(1)  165.2(1) O(2yPd(1)-P(1)  100.(1)
conformation in which thex-methyl substituent is axially P(1)-C(9)-C(6)  101.1(2) CyC(6)-C(O)  1155(3)
disposed. In accordance with the sawhorse and Newman Pd(1)-P(1)-C(9) 99.0(1) Pd(1yC(1)-C(6)  119.0(2)
projections (viewed along the-Rx*-C bond) illustrated in
Figure 8, theo-PPh protons which interact with both disposition of theon-C*Me substituent in the solid state. A
o-methine and methyl protons must therefore belong to the comparison of the molecular structures of these two com-
equatorially oriented phenyl ring of the phosphorus atom. plexes points to the steric effect originating from the spacer
The other PPh ring must hence be axially oriented. For the methyl group at the aromatic C(5) atom as the main factor
alternate unobserved conformation, it is the methyl for the observed conformational state of the palladacycle.
substituent that must display NOE contacts with both sets This can be supported by the similar distance of 2:630
of o-PPh protons. As such, the existence of the specific NOE 2.663 A separating the methyl C(8) and H(9) atoms. The
interactions between triemethyl and only one set @FPPh roles of theP-phenyl rings as the palladacycle conformation
protons therefore points to the conformational rigidity of the lockers do not seem very significant. While the distances
phosphapalladacycle ring in solution. between the H(9) atom and the neawsho protons of both

The above NMR spectroscopic investigations®f16 is axial and equatoridP-phenyl substituents were found to be
in agreement with the following prediction: By the alternate 2.347 and 3.658 A correspondingly for theesodimer 9;
adoption of thed conformation in which thea-methine  these respective distances were observed to have fluctuated
proton and the methyl substituent have switched their to 3.347 and 2.458 A for thg-diketonate derivativeS)-16.
equatorial or axial orientations, a stronger and hence possiblySuch variations in these distances are indicative of the freely
sterically undesired NOE contact would have developed rotating behavior of the these phenyl rings about the P(1)
between the resulting equatorially disposed axial methyl C(ipso) bonds. The possibility of these phenyl substituents
substituent and the C(5)-methyl substituent. It can be foreseenyg assume different rotameric states is further provided by a
that such a scenario would present a driving force againstconsideration of the{axial P-phenyl ring/C(1-6) and
adopting the diastereomerdS) conformation. {equatorialP-phenyl ring/C(1-6)} interplane angles. The

In the solid state, the absolute stereochemistrySp{l6 values were found to be variable by 10.1 and 111.7
was investigated crystallographically. The X-ray molecular respectively when comparing these angles to thoseése9
structure and selected bond lengths and bond angles argng ©-16.
presented in Figure 9 and Table 4, respectively. The expected Currently,
absolute configuration on the phosphapalladacycli€*
stereogenic center was confirmed from the Flack parameter
of 0.03(3), and the geometrical structure of the complex in
the solid state resembled that in solution. Moreover, the
phosphapalladacycle structural characteristics of fhe
diketonate derivativeS)-16 are similar to those of thmeso Reactions involving air-sensitive compounds were performed
dimer 9, the most important among these being the axial under a positive pressure of argon. RouiHeNMR spectra were

investigations concerning the synthetic applica-
tions of the enantiomeric form of the newly prepared
phosphapalladacycle are in progress.

Experimental Section
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recorded at 300 or 500 MHz on a Bruker ACF 300 or Bruker AMX 130.5 (aromatic), 132.1 (aromatic), 136.0 (aromatic), 140.2 (aro-
500 NMR spectrometer. All thé'P{*H} NMR spectra were matic). EI MS: nvz 168 (F°Cl — M]*) and 170 #"Cl — M]™) in
recorded at 120 or 202 MHz on the Bruker ACF 300 or Bruker 3:1 relative intensities.

AMX 500 NMR spectrometer. ThEC NMR spectra were recorded

at 126 MHz on the Bruker AMX 500 spectrometer. The phase- Cl

sensitive ROESY NMR experiment foB)¢16 was acquired into a ® |

1024 x 512 matrix with a 250 ms spin locking time and a spin 1

lock field strength such thayB,/2z = 5000 Hz and then 5 6

transformed into 1024 1024 points using a sine bell weighting 5

functions in both dimensions. Melting points were determined on
a Bichi melting point B-545 apparatus and were uncorrected. 4
Optical rotations were measured on the specified solution in 1 or 7
0.1 dm cells at 28C with a Perkin-Elmer model 341 polarimeter.

Elemental analyses were performed by the Elemental Analysis {(£)-1-[(2,5-Dimethyl)-1-phenyljethy} diphenylphosphine, &)-
Laboratory of the Department of Chemistry at the National g A freshly prepared THF solution (20 mL) of sodium diphen-
University of Singapore. The starting materials 1-acetyl-2,5- ylphosphide (22.55 mmol) was added dropwise to a solution of
dimethylbenzene5,? and the enantiomerically pure form of bis-  [acemic 1-chloro-1-(2,5-dimethylphenylethanes)7 (3.80 g,
(u-chloro)bis[R)-1-[(dimethylamino)ethyl]_naphthy[;?,N]dipalladium- 22.55 mmol), in THF (20 mL) with rapid stirring at room
(I, (RR)-11% were prepared according to reported procedures. omperature. The solvent was removed to give a white residue. Fresh

(+)-1-[(2,5-Dimethyl)-1-phenyljethanol, {)-6. A suspension  geoxygenated water (40 mL) was added with stirring, and the
of NaBH, (2.6 g, 68.42 mmol) in ethanol (70 mL) was added to an - miyre was extracted with dichloromethane %340 mL). The

ethanol solution (150 mL) of 1-acetyl-2,5-dimethylbenzeirig(5.07 combined organic extracts were dried by MgS@tered, and

g, 34.21 mmol). The mixture was stirred at room temperature for g anorated to give a colorless and air-sensitive liquid. The liquid
24 h, followed by the addition of aqueous NaOH (70 mL, 3 Wt a5 further dried under vacuum at B0 until a very viscous and
%/v) with rapid stirring for another 1 h. The solution was then .qorjess oil was obtained, 7.04 g (98.0%). NMR (CDCL): &
concentrated to a pale yellow oil and was extracted with dichlo- 1.34 (dd, 3H3J = 7.2 Hz,3Jpn = 14.5 Hz, PCHe), 1.92 (s,
romethane (3« 50 mL). The organic extracts were combined, dried 3H, aromaticMe), 2.32 (s, 3H, aromatite), 3.78 (dg, 1H 33y

with MgSQ,, and filtered. The product was finally obtained as a _ 23 = 7.2 Hz, PGIMe), 6.89-6.93 (m, 4Haromatic protony
colorless liquid by distillation, bp 7880 °C, 0.23 mmHg, 4.62 g 7.04-7.17 (m, 3H,aromatic protony 7.32 (br s, 1Haromatid,
(89.4% yield).'H NMR (CDCL): 6 1.46 (d, 3H,2Jws = 6.4 Hz, 743 745 (m, 3H,aromatig, 7.63-7.69 (m, 2H,aromatiq. 31P-
(OH)CHMe), 2.30 (s, 3HMe), 2.34 (s, 3HMe), 5.11 (q, 1H2IH {1H} NMR (CDCL): 8 3.5 (s).

= 6.4 Hz, (OH)GHMe), 6.98 (d, 1H*Juy = 7.6 Hz, aromatic), Optical Resolution of{ (+)-1-[(2,5-Dimethyl)-1-phenyllethy} -
7.02 (d, 1HJq = 7.6 Hz, aromatic), 7.33 (s, 1HHF). *°C NMR diphenylphosphine. Isolation of Chlord (R)-1-[1-(N,N-dimethyl-
(126 MHz, CDC): 4 18.4 (s), 21.1 (s), 23.9 (s), 66.8 (S, (OH)-  aming)ethylnaphthyl-C2 N} { (R/S)-{ 1-[(2,5-dimethyl)-1-phenyl]-
CHMe), 1251 (aromatic), 1278 (aromatic), 1303 (aromatic), 131.0 ethyl} diphenylphosphing palladium(ll), ( R,R)- and (R,9)-12.A
(aromatic), 135.8 (aromatic), 143.6 (aromatic). EI M$/z 150, dichloromethane solution (50 mL) of the freshly prepared racemic
[M]™. {1-[(2,5-dimethyl)-1-phenyl]ethyHiphenylphosphine )-8 (9.33

g, 29.29 mmol), was cannulated into a suspension of the resolving
agent RR)-11 (9.96 g, 14.65 mmol) in dichloromethane (150 mL)
with rapid stirring. The reaction mixture was allowed to stir for 30
min until the resolving agent had entirely dissolved. The mixture
was then evaporated to dryness under reduced pressure. At this
stage the’’P{'H} NMR (CDCls) spectrum of the crude product
exhibited two singlets of ca. equal intensitiesdad5.1 and 49.6
indicating the formation of a 1:1 mixture of the two stereochemi-

6 cally nonequivalentR R) and R,S) diastereomers. The diastereo-
meric mixture was redissolved in minimum amount of dichlo-
(£)-1-Chloro-1-[(2,5-dimethyl)-1-phenyllethane, £)-7. A dichlo- romethane and was separated using silica gel column chromatography

romethane solution (380 mL) of racemic 1-[(2,5-dimethyl)-1- by using hexanes/ethyl acetate (4:1, v/v) as eluent, from which the
phenyllethanol(+)-6 (7.10 g, 47.3 mmol), was added with vigorous  (R,S) diastereomer followed by the more pol&;R) diastereomer
stirring to PC} (39 g, 281 mmol) dissolved in the same solvent were eluted sequentially.

(250 mL). The mixture was allowed to stir at room temperature  Chloro{(R)-1-[1-(N,N-dimethylamino)ethyllnaphthyl- C? N} -

for 16 h. Water was then added dropwise to the mixture with stirring {(S)-{1-[(2,5-dimethyl)-1-phenyl]ethyl} diphenylphosphiné; -

(to hydrolyze the excess P{IThe organic phase was separated, palladium(ll), (R,S)-12. The optically pure R,S)-12 diastereomer
washed with water (Xx 100 mL), dried with NaSQOy, and filtered. was crystallized as yellow blocks from ethyl acetate/hexanes. Mp:
The solvent was then removed, and the product was finally obtained219-221°C (dec). plp = —135, [a]s78= —141°, [0]546 = —159,

as a colorless liquid by distillation under reduced pressure, bp 62 and 043 = —229 (c 1.0, CHCly). Yield: 8.07 g (83.6%). Anal.

64 °C, 0.23 mmHg, 6.99 g (87.7% yield)d NMR (CDCl): ¢ Calcd for GgH3oCINPPd: C, 65.7; H, 6.0. Found: C, 65.8; H, 6.2.
1.87 (d, 3H,.3Jyy = 6.7 Hz, CICHMe), 2.34 (s, 3HMe), 2.37 (s, IH NMR (CDCL): 6 1.72 (s, 3H, @-Me), 1.90 (dd, 3H3Jy =

3H, Me), 5.33 (¢, 1H 33y = 6.7 Hz, CIGHMe), 7.01 (d, 1H3Ju 7.2 Hz,3Jpy = 19.0 Hz, PCH\le), 2.02 (s, 3H, @-Me), 2.12 (d,

= 8.0 Hz, aromatic H), 7.04 (d, 1HJ44 = 8.0 Hz, aromatic H), 3H, 34y = 6.2 Hz, NCHVIe), 2.77 (d, 3HJp = 1.3 Hz, NMey),
7.34 (s, 1H,HS). 13C NMR (126 MHz, CDC}): ¢ 18.5(s), 21.1  3.07 (d, 3H,pn = 3.3 Hz, NMey), 4.36 (dq, 1H3u = 4Jpy =

(s), 25.3 (s), 55.2 (s, CICMe), 126.4 (aromatic), 128.9 (aromatic), 6.2 Hz, NGHMe), 5.01 (dq, 1H3Jyy = 7.2 Hz,2Jpy = 10.13 Hz,
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PCHMe), 5.96 (s, 1HH??), 6.32 (dd, 1H2n = 8.7 Hz,%Jpn =

6.3 Hz,H?), 6.64 (d, 1H 234y = 8.7 Hz,H?%), 6.89-6.94 (2 closely
spaced d, 2H3Jyy = 7.3 Hz, H, H29), 7.12 (ddd, 2H3Jy =

3Jyy = 7.6 Hz,%Jpy = 1.8 Hz, m-PPH, 7.24-7.28 (m, 2H,HS,

p-PPh, 7.34-7.37 (m, 3H,H?, m-PPl), 7.48-7.52 (m, 4H,HS,

0-PPh p-PPH, 7.68 (d, 1H,3Juy = 8.5 Hz, H8), 7.77 (dd, 2H,
33y = 7.4 Hz,%Jpy = 10.4 Hz,0-PPH. 'H NMR (CD,Cl,): 6

1.66 (s, 3H, @-Me), 1.85 (dd, 3H2Jyy = 7.3 Hz,3Jpy = 18.9
Hz, PBPCHMe), 2.00 (s, 3H, @-Me), 2.08 (d, 3H,3Jus = 6.5
Hz, NMe,CHMe), 2.72 (d, 3H,*Jpy = 1.7 Hz, NMe,), 3.03 (d,
3H, 4Jpy = 3.2 Hz, NMe), 4.35 (dq, 1H3)y = 6.5 Hz,4Jpy =

6.1 Hz, NMeCHMe), 4.94 (dq, 1H3Jyy = 7.3 Hz,2)py = 10.4
Hz, PhPCHMe), 6.00 (s, 1HH??), 6.32 (dd, 1H3J = 8.5 Hz,
4Jpy = 6.2 Hz,H?), 6.64 (d, 1H,3J4y = 8.5 Hz, H?d), 6.88-6.93
(M, 2H, H19, H29), 7.13 (ddd, 2H3Jyy = 7.9 Hz,3Juy = 7.90 Hz,
43y = 2.1 Hz,m-PPH, 7.21-7.38 (m, 5HHS, H7, m-PPh p-PPH,

7.45-7.55 (m, 4H,HS, o-PPh p-PPh, 7.67 (d, 1H,3Jyy = 8.5
Hz, H8), 7.78 (dtt, 2H23Juy = 8.4 Hz,*Jyy = 1.2 Hz,3Jpy = 11.0
Hz, 0-PPH. 31P{1H} NMR (CDCL): ¢ 49.8 (s).3P{1H} NMR

(CD,Clp): 6 49.9 (s).

Chloro{ (R)-1-[1-(N,N-dimethylamino)ethyllnaphthyl- C?N} -
{(R)-{1-[(2,5-dimethyl)-1-phenyl]ethyl} diphenylphosphing -

Ng et al.

Attempts to crystallize theR|R) diastereomer were unsuccessful
despite a range of solvent systems tried.
(R,R)-symDichlorobis(u-chloro)bis[{ 1-(2,5-dimethyl-1-phenyl)-
ethyl} diphenylphosphine]dipalladium(ll), (R,R)-13.Concentrated
HCI (5.4 mL, 65.3 mmol) was added to an acetone solution (43
mL) of the complexRR)-12(2.15 g, 3.26 mmol), and the mixture
was refluxed for 4 h. Water was then added to the cooled mixture
with stirring, and the resulting precipitate was then filtered out,
washed successively with water, dried, and redissolved in dichlo-
romethane (20 mL). The reddish solution was further washed with
water (3x 20 mL), dried with MgS@, and filtered. The solution
was then concentrated, and product was crystallized as small red
blocks from dichlrometharehexanes, 1.49 g (92.1% vyield). Mp:
196—200°C (dec). plp: +334° (c 1.0, CHCI,). Anal. Calcd for
CuaHasClsP.Pch: C, 53.3; H, 4.7. Found: C, 53.6; H, 4™H NMR
(CDClg): 0 1.75 (s, 3H, @Me), 1.98 (dd, 3H3Jyy = 7.1 Hz,3Jpy
= 19.3 Hz, PCH\le), 2.00 (d, 3H, C-Me), 4.64 (dq, 1Hz3Jun =
7.1 Hz,%Jpy = 12.3 Hz, PE&IMe), 6.20 (s, 1HHY), 6.88 (d, 1H,
8Jun = 7.8 Hz,H%), 6.91 (d, 1H3Jyy = 7.76 Hz,H3), 7.34-7.39
(m, 4H,m-PPh+ PPh aromatics), 7.527.57 (overlapping m, 4H,
p-PPh+ PPh aromatics), 7.80 (dd, 2HJuny = 7.4 Hz,3Jpy =
10.9 Hz,0-PPh. 31P{*H} NMR (CDCL): ¢ 42.5 (s).

palladium(ll), ( R,R)-12. The solvents from the eluted optically
pure RR) diastereomer were evaporated to dryness in vacuo, and
the product was obtained as an amorphous yellow powder. Mp:
128-131°C. [a]p = +98°, [a]s7s = +104°, [0]s46 = +128°, and
[0]a3s =397 (c 0.5, CHCIy). Yield: 6.90 g (71.5%). Anal. Calcd

for C3gH3sCINPPd: C, 65.7; H, 6.0. Found: C, 65.9; H, 6'H
NMR (CDCly): ¢ 1.56 (dd, 3H.2Juy = 7.5 Hz,3Jpy = 17.6 Hz,
PCHMe), 1.95 (s, 3H, &-Me), 2.11-2.12 (m, 6H, NCHVe,
C#-Me), 2.71 (d, 3H Jpn = 1.2 Hz, NMey), 2.99 (d, 3H ey =
3.2 Hz, NM%O), 4.35 (dq, 1H,3JHH = 4\]PH = 6.3 Hz, NC"MG),
4.40 (dg, 1H 233y = 3Jpy = 7.7 Hz, PCHMe), 6.11 (s, 1HH%),
6.87-6.91 (m, 2H,H2, H29), 6.99 (d, 1H,3Jyy = 7.8 Hz, HY9),
7.12 (d, 1H2J4y = 8.6 Hz,H?3), 7.26-7.46 (m, 8HHS, H”, m-PPh,
p-PPh), 7.67-7.74 (m, 4HH5, H8, 0-PPh), 7.77 (dd, 2H3J4y =
7.5 Hz, 3Jpy = 10.9 Hz, 0-PPH. 'H NMR (CD.Cly): ¢ 1.53
(dd, 3H,3J4 = 7.3 Hz,3Jpy; = 17.5 Hz, PBPCHVle), 1.93 (s, 3H,
o-phenylMe), 2.10 (d, 3H,3J4y = 6.5 Hz, NMeCHMe), 2.13
(s, 3H, p-phenylMe), 2.72 (d, 3H,*Jpy = 1.7 Hz, NMg), 3.03
(d, 3H,4Jpn = 3.2 Hz, NMey), 4.34-4.41 (partially overlapped
m, 2H, 3Jyy = 6.5 Hz,%Jpy = 6.5 Hz, NMeCHMe; 34y = 7.3
Hz, PhPCHMe), 6.23 (s, 1HH??), 6.86 (dd, 1H3J4y = 8.6 Hz,
4Jpy = 5.4 Hz,H?), 6.90 (d, 1H3Jy4 = 7.6 Hz,H), 7.00 (d, 1H,
3Jyy = 7.6 Hz,H%), 7.10 (d, 1H3J4y = 8.6 Hz,Hd), 7.30-7.41
(m, 6H,HS, H”, m-PPh), 7.43-7.50 (m, 2H,p-PPhy), 7.64-7.68
(m, 3H, H5 0-PPh, 7.73 (d, 1H,3Jyy = 8.1 Hz,H8), 7.78 (ddd,
2H, 3\]HH = 8.6 HZ,4JHH =0.9 HZ,3JPH =11.0 HZ,O'PP"). 31p.
{™H} NMR (CDCl): 0 45.2 (s).3P{*H} NMR (CD,Cl,): 6 45.3
(s).
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(R, R)-13

(S,9)-symDichlorobis(u-chloro)bis[{ 1-(2,5-dimethyl-1-phenyl)-
ethy}ldiphenylphosphine]dipalladium(ll), (S,S)-13. Complex
(S9-13was prepared as described above from the chromatographi-
cally pure R 9-12 Yield: 1.12 g (99.4%). Mp: 196200°C (dec).

[a]p: —335 (c 1.0, CHCIy). Anal. Calcd for GsH4eClsP.Pd: C,
53.3; H, 4.7. Found: C, 53.6; H, 484 and3'P{*H} NMR (CDCly)
were identical with those recorded fdR R)-13.

(2)-Bis(u-chloro)bis{ 1-[1-(diphenylphosphino)ethyl]-3,6-di-
methylphenyl-C2,P} dipalladium(ll), ( &)-9. A mixture of the
racemic phosphine)-8 (7.04 g, 22.1 mmol) and palladium(ll)
acetate (4.96 g, 22.1 mmol) in toluene (230 mL) was stirred at 50
°C for 10 h, after which a crude brown-black intermediate was
obtained upon removal of toluene under reduced pressure. The
mixture was dissolved in acetone (30 mL), and a methanol solution
(25 mL) of excess LiCl (3.8 g, 89.6 mmol) was added with vigorous
stirring for 4 h after which the black-green mixture was filtered
through Celite and then evaporated to dryness. The mixture was
washed with water (50 mL), extracted with dichloromethane (3
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50 mL), dried with MgSQ, and then filtered. The resulting orange

Table 5. Crystallographic Data for Complexes wfese9, (R,9-12,

solution was then concentrated and purified by silica gel column (59-13 and §-16

chromatography using chloroforam-hexane as eluants, from which

the bright greenish yellow band was eluted and concentrated. Thet,muia

complex &)-9 was crystallized from dichloromethanbexane as
bright yellow prisms, 7.84 g (77.3% yield). Mp: 23@20°C (dec).
Anal. Calcd for GsH4.ClLP,Pd: C, 57.5; H, 4.8. Found: C, 57.4;
H, 5.2.'H NMR (CDCls, 2 sets of signals in ca. 1:1.5 ratio):
1.71 (dd, 3H 2334y = 7.0 Hz,3Jpy = 19.1 Hz, PCHle of minor
isomer), 1.86 (dd, 3HJuy = 7.0 Hz,3Jpy = 19.5 Hz, PCHWe of
major isomer), 2.24 (s, 3H, aromatite of minor isomer), 2.31 (s,
3H, aromaticMe of major isomer), 2.63 (s, 3H, aromatide of
minor isomer), 2.69 (s, 3H, aromatie of major isomer), 3.85
(m, 1H, PGHMe of both isomers), 6.606.69 (m, aromatic signals
of both isomers), 7.227.50 (m, aromatics of both isomers), 7-81
7.92 (m, aromatic signals of both isome@&P{*H} NMR (CDCls,
300 K): 2 signals in ca. 1:1.5 ratio, 58.3 (s), 59.5 (s)3'P{'H}
NMR (CDCls, 223 K): 4 signalsp 58.8 (s), 59.7 (s), 59.9 (s),
60.9 (s).

(£)-9

(R,R)-Bis(u-Chloro)bis{ 1-[1-(diphenylphosphino)ethyl]-3,6-
dimethylphenyl-C2,P} dipalladium(ll), ( R,R)-9. The complex
(RR)-13 (0.64 g, 0.64 mmol) was dissolved in dichloromethane
(17 mL) to form a red solution. An aqueous solution (10 mL) of
excess AgP§(0.65 g, 2.58 mmol) was added to the red solution,

and the two-phase mixture was allowed to stir vigorously in the
dark for 16 h at room temperature. The reaction mixture was then

filtered through a plug of Celite to remove the precipitated AgClI

and Pd black. From the filtrate, the aqueous layer was separate
from the red dichloromethane layer, and the latter was washed

vigorously with water (3x 50 mL). The combined organic extracts

were separated, evaporated to dryness in vacuo, and redissolved i

acetone (5 mL). A methanol solution (12 mL) of excess LiCl (1.0
g, 23.6 mmol) was next added to it with vigorous stirring at room
temperature for 24 h. The resulting bright yellow solution was

param mese9 (R9-12 (59-13 (9-16
CiHa4CloPoP b CagHagCINPPA GaHaeClaPoPch Co7H200,.PPd

M, 918.43 658.50 991.35 522.87
space group  P2i/c P2, P1 P2,2,2
cryst system monoclinic Monoclinic triclinic orthorhombic
alA 12.649(11) 11.789(1) 8.790(1) 9.5880(7)
b/A 12.067(10) 13.128(1) 8.943(1) 26.560(2)
c/A 13.869(13) 21.367(1) 15.387(1) 9.5467(7)
VIA3 2023(3) 3305(1) 1048(1) 2431(1)
z 2 4 1 4
TIK 223(2) 223(2) 223(2) 295(2)
MA 0.710 73 0.710 73 0.710 73 0.710 73
u/mm-1 1.130 0.715 1.219 0.850
R (obsd dat&) 0.0352 0.0424 0.0374 0.0449
WR; (obsd datd) 0.0794 0.0773 0.0795 0.0838
Flack param —0.02(1) 0.00(2) 0.03(3)

2Ry = SlIFo| — |FAIZ|Fo|. PWRy = V{Z[W(F2 — FAZ/Z[W(F2)T},
w1 = g2(Fo)2 + (aP)2 + bP.

(59-9 was prepared as described above frag§)(13, 0.443 g
(56.6% yield). Mp: 148-150°C (dec). pp: +319 (c 0.9, CH-
Cl,). Anal. Calcd for G4H4.CloP,Pd:: C, 57.5; H, 4.8. Found: C,
57.4; H, 4.8.'H and3P{!H} NMR (CDCls) were identical with
those recorded forR|R)-9.

(Acetylacetonato©,0"){ (S)-1-[1-(diphenylphosphino)ethyl]-
3,6-dimethylphenyl-C2,P} palladium(ll), ( S)-16. Sodium acetyl-
acetonate monohydrate (0.03 g, 0.2 mmol) was adde® 8-9
(0.110 g, 0.120 mmol) dissolved in acetone (5 mL) with rapid
stirring for 4 h atroom temperature. The resulting suspension was
then filtered through a short plug of Celite, and the filtrate was
concentrated. Upon slow evaporation, the product was obtained
as pale yellow blocks, 0.087 g (69.2% yield). Mp: 4160 °C.

[alo = +502, [a]s7s = +537°, [a]sss = +62C°, and [szs =

+1333 (¢ 0.5, CHCI,). Anal. Calcd for G;H,00,PPd: C, 62.0;
H, 5.6. Found: C, 61.9; H, 5.6lH NMR (CDCl): o 1.66
(dd, 3H,3344 = 7.0 Hz,3Jpy = 19.2 Hz, PRCHMe), 1.97 (s, 3H,
acacMe), 2.00 (s, 3H, acadde), 2.28 (s, 3H, &Me), 2.59 (s, 3H,
C?-Me), 3.87 (dqg, 1H3Juy = 7.0 Hz,2Jpy = 13.2 Hz, PhRCHMe),

5.39 (s, 1H, acac-B), 6.96 (dd, 1H3Juy = 7.6 Hz,Jpy = 1.2 Hz,

LH), 6.73 (d, 1H,%hn = 7.6 Hz, C-H), 7.20-7.23 (m, 2H,

m-PPhy), 7.26-7.30 (m, 1H, p-PPhy), 7.35-7.39 (m, 2H,
0-PPhy), 7.42-7.46 (m, 2H, m-PPh), 7.48-7.52 (m, 1H,
-PPhyy), 7.93-7.97 (m, 2H,0-PPhy). 3%P{2H} NMR (CDCl): ¢
3.7 (s).

subsequently evaporated to dryness and was chromatographed on
a silica gel column using chloroforsm-hexane as eluants. A
greenish yellow band was eluted and evaporated to dryness in vacuo
to afford the product as a yellow amorphous powder. Attempts to
crystallize the product from a variety of solvents have been

unsuccessful, 0.46 g (76.9% yield). Mp: ¥849°C (dec). pp:
—322 (c 0.5, CHCI,). Anal. Calcd for G4H44Cl,P,Pd: C, 57.5;
H, 4.8. Found: C, 57.9; H, 5.0H NMR (CDCly): ¢ 1.72 (dd,
3H, 334y = 6.9 Hz,3Jpy = 19.3 Hz, PCH\le), 2.32 (s, 3H, &Me),
2.70 (s, 3H, &Me), 3.86 (dqg, 1H3Jyy = 7.0 Hz,3Jpy = 13.5 Hz,
PCHMe), 6.65 (d, 1H3Juy = 7.4 Hz,H?), 6.69 (d, 1H3Jyy = 7.4
Hz, H%), 7.24-7.39 (m, 6HM-PPh, p-PPh), 7.48 (ddd, 2H3Juu
= 7.9 Hz,*J4y = 1.4 Hz,3Jpy = 11.4 Hz,0-PPhy), 7.90 (dd, 2H,
3Jun = 7.8 Hz,3Jpy = 10.6 Hz,0-PPhy). 31P{*H} NMR (CDCl):
0 59.9 (br s).

(5,9)-Bis(u-chloro)bis{ 1-[1-(diphenylphosphino)ethyl]-3,6-
dimethylphenyl-C 2,P}dipalladium(ll), ( S,S)-9. The complex

(S)-16

Crystal Structure Determination of mesa9, (R,5)-12, (S,9)-
13, and ©)-16. Crystal data for all four complexes and a summary
of the crystallographic analyses are given in Table 5. Diffraction
data were collected on a Siemens SMART CCD diffractometer with
Mo Ka radiation (graphite monochromator) usiagscans. SAD-
ABS absorption corrections were applied, and refinements by full-
matrix least squares were based on SHELXL98Il non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were intro-
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duced at fixed distance from carbon and nitrogen atoms and were Supporting Information Available: For mese9, (RS-12,
assigned fixed thermal parameters. (S9-13, and ©-16, tables of crystal data, data collection, solution
and refinement, final positional parameters, bond distances and
angles, thermal parameters of non-hydrogen atoms, and calculated
hydrogen parameters. This material is available free of charge via
the Internet at http://pubs.acs.org.
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