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to both of the enantiomerically pure forms of a rigid diphosphine
ligand containing two phosphorus and three carbon stereogenic
centers.

Results and Discussion

The target diphosphine was obtained from the asymmetric
Diels—Alder reaction between phenyldivinylphosphine and
1-phenyl-3,4-dimethylphosphole (DMPP) using the organopal-
ladium complexl as the reaction promoter (Scheme 1). In this
approach, phenyldivinylphosphine was coordinated regiospe-
cifically® to (+)-1 in dichloromethane to give the monomeric
complex (+)-2 as stable yellow prisms in 80% isolated yield,
[a]p +81.C° (CHyCIy). The neutral complexi)-2 is soluble
in most noncoordinating solvents. In CQCthe 3P NMR
spectrum of the complex exhibited a sharp single &5.0.
Treatment of {4)-2 with silver perchlorate yielded the inter-
mediate nonconducting perchlorato complé}-@ in essentially
quantitative yield with §]p +86.7 (CH.Cl;).5 This highly
reactive species was not isolated and, upon removal of silver
chloride, the dichloromethane solution of the complex was
treated directly with a stoichiometric amount of DMPP. The

The synthetic application of enantiomerically pure diphos- cycloaddition reaction was monitored 8% NMR spectroscopy
phines is an important subject which has been highlighted by and was found to be complete with2 h atroom temperature.

numerous leading articlés. These bidentate ligands have

Removal of the solvent gave the complek){4 as a colorless

undoubtedly been the key to many spectacular achievementsyiscous oil; attempts at crystallization from a wide range of
in homogeneous asymmetric catalysis. To date, optically active solvents were unsuccessful. TE® NMR spectrum of this
diphosphines with chirality residing within their carbon skeletons material in CDC} exhibited two doublets ai 50.6 and 116.0

are conventionally prepared from their corresponding chifons.

Due to the limitation in the natural pool of chirality, however,

this approach generally produces only one particular enantio-5, [o]p —86.3 (CH,Cly).

(3Jpp = 43.9 Hz). Treatment of 4)-4 with concentrated
hydrochloric acid in acetoriegave the dichloro complex~)-
In this reaction, the’’P NMR

meric form of the desired diphosphine. Furthermore, this spectrum of the crude product precipitated from the reaction

synthetic methodology is rarely applied efficiently to the
important class of P-chiral bidentate ligarfds<On the other

mixture was recorded prior to recrystallization. In accord with
the spectrum observed for-f-4, the 3P NMR spectrum of

hand, although both racemic C-chiral and P-chiral diphosphines crude ¢)-5 in CDCl; exhibited only two strong doublets ét
can often be separated into their enantiomers by means of opticaB6.4 and 124.5%0pp = 4.5 Hz), hence confirming that only
resolutions’ the procedures involved are somewhat tedious and one isomer is formed in the asymmetric Dielslder reaction.

inefficient. To a significant extent, the difficulties associated

However, this observation is in contrast to a previous report in

with ligand synthesis have restricted the number and the varietywhich two stereochemically distinct isomers were generated
of optically active P-chiral diphosphines available for application simultaneously during the synthesis®by using PdGl as the

in asymmetric catalysis. Hence the potential of this class of reaction promotet. Clearly, in this earlier work, the two pairs
bidentate ligands as chiral auxiliaries has not been fully explored of internally diastereomeric racemates arising from the non-
or exploited. Herein we describe a simple and efficient route equivalent phosphorus stereogenic centd®s,R¥)-, (R*, S)-

5, were both generated in the absence of a chiral directing agent,

(1) For selected examples, see: Barnhart, R. W.; Wang, X.; Noheda, P.; glthough it was observed to be a 20:1 diastereomeric excess in

Bergens, S. H.; Whelan, J.; Bosnich, BAm. Chem. S04994 116,
1821. Knowles, W. S.Acc. Chem. Re<.983 16, 106. Noyori, R.;
Ohta, M.; Hsaio, Y.; Kitamura, M.; Ohta, T.; Takaya, H.Am. Chem.
Soc.1986 108 7117. Brunner, H.; Becker, R.; Gauder,&gano-
metallics1986 5, 739. Hayashi, T.; Kanashi, M.; Kumada, 8.Chem.
Soc., Chem. Commui984 107. Brown, J. M.; Mclintyre J. FJ.
Chem. Soc., Perkin Trand985 961. Hiyama, T.; Wakasa, N.
Tetrahedron Lett1985 26, 3259. Tani, K.; Yamagata, T.; Tatsuno,
Y.; Yamagata, Y.; Tomita, K.; Akutagawa, S.; Otsuka, S.; Kumoba-
yashi, H.Angew. Chem., Int. Ed. Endl985 24, 217. Landis, C. R.;
Halpern, J.J. Am. Chem. S0d.987 109, 1746. Parinello, G.; Stille,
J. K. J. Am. Chem. S0d.987, 109 7122. Allen, D. G.; Wild, S. B.;
Wood, D. L.Organometallics1986 5, 1009.
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1978 100, 5491. Stille, J. K.; Amma, J. R. Org. Chem1982 47,
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Chem.1981, 20, 3616. Brown, J. M.; Murrer, B. ATetrahedron Lett.
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1985 63, 18. Nagel, U.; Kinzel, EJ. Chem. Soc., Chem. Commun.
1986 1098.
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favor of the R*, S¥) isomer® The dichoro complex-)-5 was
subsequently crystallized from chloroform as stable yellow
prisms in 70% yield. The optical rotation value of the complex
remained unchanged after the slow recrystallization process.
The X-ray analysis of {)-5 reafirms that, as desired, an

enantiomerically pure complex has been formed (Figure 1). Five
new chiral centers have been generated Bitind R absolute
stereochemistries at P(1) and P(2) respectively&iiR] andR
stereochemistries at C(1), C(2), and C(5) respectively. An
implied prior claim to have achieved spontaneous resolution of
5 on crystallizatiofis incorrect; although crystallization occured

(5) Aw, B. H.; Leung, P. HTetrahedron: AsymmetriQ94 5, 1167 and
references cited therein. Pabel, M.; Willis, A. C.; Wild, S. B.
Tetrahedron: AsymmetrdQ95 6, 2369 and references cited therein.
Valk, J. M.; Claridge, T. D. W.; Brown, J. M.; Hibbs, D.; Hursthouse,
M. B. Tetrahedron: Asymmetr¥994 6, 2597 and references cited
therein.
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J. Tetrahedron: Asymmetr{996 7, 45.

(7) Roberts, N. K.; Wild, S. BJ. Am. Chem. Sod.979 101, 6254.

(8) Rahn, J. A;; Holt, M. S.; Gray, G. A.; Alcock, N. W.; Nelson, J. H.
Inorg. Chem.1989 28, 217.
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Figure 1. The molecular structure of{)-5 showing the five new chiral
centers formed from the DietsAlder reaction (70% probability
ellipsoids).

in the noncentrosymmetric polar space grégul2, this space
group contains glide planes and hence equal numbers-of (
and () molecules-thus resolution was not achieved. The

relative stereochemistries, however, of the five chiral centers

are the same as we observe fer){.

(=)-5

P(1) and—P(2) = 2.247(1), 2.228(1) A are unexceptional,
though it is noticeable that the bond length from the palladium
to the more sterically hindered phosphorus P(2) is 0.02 A shorter
than that to the less hindered P(1). There are no significant
differences in the bond lengths observed here and those reported
for the racemic structure. The principal difference is in the
orientation of the vinylic group which hassynrelationship to

the palladium in {)-5 compared with amanti geometry in the
racemate. There are no strong intermolecular interactions in
(—)-5, though there is evidence for weak €Hr bonding.

It is noteworthy that enantiomerically pure-)-5 is also
obtained in similar yield and optical purity when the equally
accessible<{)-1 is used as the reaction promoter. It has been
reported in the earlier nonenantioselective work that the
formation of the thermodynamically unstal#&o—synisomer
in this particular Diels-Alder reaction required both the diene
and the dienophile to be coordinated simultaneously on the metal
template during the course of the cycloadditforFrom a
stereochemical standpoint, however, the present enantiospecific
synthesis of5 requires an additional control of the absolute
stereochemistry at both template sites. We have previously
observed that the two prochiré-methyl groups and the
naphthylene proton (}} which is adjacent to the metalated
carbon of the 5-membered organometallic naphthylamine ring
are sensitive to the stereochemical environment of their neigh-
boring coordination sites in square-planar palladium(ll) com-
plexes? We are currently investigating the influence of these
groups on the enantioselectivities of this particular Didd¢der
reaction.

Experimental Section

Reactions involving air-sensitive compounds were performed under
a positive pressure of purified nitrogen. NMRs were recorded at 25

The palladium has slightly distorted square-planar geometry °C on Bruker ACF 300 and AMX 500 spectrometers. Optical rotations

comprising a contraction in the-APd—P ligand bite angle to
83.0(1y and a small enlargement of the-®d—Cl angle at

were measured on the specified solutions in a 1-dm cell 4C2&ith
a Perkin-Elmer Model 341 polarimeter. Elemental analyses were
performed by the Microanalytical Laboratory of the Department of

92.0(1y. There are significant out of plane deviations of the
coordinated atoms, the Pd, CI, and P atoms having deviations
of up to 0.08 A from their mean plane. The coordinated bond (9) Chooi, S. Y. M.; Tan, M. K.; Leung, P. H.; Mok, K. Faorg. Chem.
lengths Pe&-CI(1) and—Cl(2) = 2.357(1), 2.361(1) A and Pd 1994 33, 3096.
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Both of the enantiomerically pure forms of his¢hloro)bis[R/S- Table 1. Crystallographic Data for=)-5
1-[1-(dimethylamino)ethyl]-2-naphthaleng:N]dipalladium(ll) dichlo- formula: GeoHouClP5Pd fw=5277
romethane solvate;H)-1, were prepared as previously describgd. a= 7.230(1) A orthorhohbic
[SP-4-4-(S)-Chloro[1-[1-(dimethylamino)ethyl]-2-naphthalenyl- b=15.428(1) A space group2,2:2;
C,N][phenyldivinylphosphine-P]palladium(ll) [( +)-2]. A mixture of c=19.224(3) A A=0.71073A
phenyldivinylphosphine (2.1 g) and-§-1 (4.4 g) in dichloromethane V =2159.1(3) w(Mo Ko) = 1.261 mnt
(300 mL) was stirred at room temperature until all the reaction promoter Z=4 F(000)= 1064
had dissolved (ca. 1 h). The solvent was removed from the reaction peac= 1.623 g cm® T=223K
mixture and the residue was recrystallized from dichlorometmane- R =0.0293 wR, = 0.076F
hexane mixture, forming beautiful yellow prisms: mp 88 °C; AR, = S|IFo| — IFdl/S|Fol. PWRe = { SW(FZ — FOA/S [WEAT} V2

[a]o +81.0° (c 1.1, CHCIy); 5.2 g (80% vyield). Anal. Calcd for wl=0%F?) + (@P)? + bP,

CoH/CINPPd: C, 57.4; H, 5.4; N, 2.8. Found: C, 57.4; H, 5.4; N,

2.8. 3P NMR (CDC}): 6 25.0(s);"H NMR (CDCly): 6 1.97 (d, 3H, Table 2. Selected Bond Lengths (A) and Angles (deg) fef-6
3Jun = 6.4 Hz, CHVie), 2.93 (d, 3H,*Jpn = 1.7 Hz, NMe), 2.95 (d,

3H,4Jpn = 3.5 Hz, NMe), 4.35 (qn, 1HJ = 4Jpy = 6.4 Hz, GHMe), Eg;gf(zl)) 5552;3((11)) Ppggf(lz)) 223?317((11))

5.58-6.21 (m, 4H, 2x CH=CH), 6.60-6.87 (m, 2H, 2x CH=CH,), P(1)-C(9) 1..810(4) P(1C(16) 1..814(2)

7.10-7.92 (m, 2H, 2x C=CH), 6.80-7.80 (m, 11H, aromatics). P(lfC(l) 1.829(4) P(Z}C(ZG) 1.796(2)
[SP-4-3-[10.,40.,50(S), 7R]]-Dichloro[5-(ethenylphenylphosphino)- P(2)-C(5) 1.841(4) P(2C(2) 1.851(4)

2,3-dimethyl-7-phenyl-7-phosphabicyclo[2.2.1]hept-2-enB2,P7]- C(3)-C(4) 1.330(6)

palladium(ll) [( —)-5]. A solution of (+)-2 (5.1 g) in dichloromethane

(200 mL) was stirred fo2 h in thepresence of a solution of silver P(2)-Pd-P(1) 83.00(4)  P(2yPd-CI(1) 90.78(4)

P(1)-Pd-ClI(1) 172.38(4)  P(2}Pd-CI(2) 175.64(4)
P(1)-Pd-CI(2) 94.49(4)  CI(1)-Pd-CI(2) 91.98(4)
C(9-P(1-C(16) 104.4(2) C(9P(1)}-C(1)  105.9(2)

perchlorate (2.1 g) in water (1 mL). The colorless organic layer, after
the removal of AgCI and dried (MgS{p was treated with DMPP (1.8

g) at room temperature for 2 h. Removal of the solvent gave4(as

a colorless oil that could not be crystallized from any of the solvents g&g)):gg)):gél) ﬂ;gg)) g((sggg)):gg iégggg
tried: [o]p +75.4 (c 0.4, CHCI,). 3P NMR (CDCE): ¢ 50.6 (d, C(26-P(2-C(5) 111.6(2) C(26YP(2-C(2) 112.3(2)
1P, 2Jpp = 43.9 Hz, P), 116.0 (d, 1PAJpr = 43.9 Hz, P). Crude C(5)-P(2-C(2) 81.7(2)  C(26YP(2)-Pd 117.5(1)
(+)-4 was redissolved in acetone (130 mL) and was treated with C(5)-P(2)-Pd 118.2(1) C(2yP(2)-Pd 110.0(1)

hydrochloric acid (10 M, 15 mL). The reaction mixture was then
refluxed for 15 min. The bright yellow microcrystals of-)-5
precipitated out during this period. The product was then filtered and

to ride on their parent carbon atoms. Both phenyl rings were refined
as idealized rigid bodies. Computations (SHELXTL PC version 5.03)

recrystallized from chloroform: mp300°C dec; o —86.3 (c 0.5, were by the fuII-ma_trix least-squares method to g_ﬁye: 0.0293WR>
CHzClz); 379 (70% yleld) Anal. Calcd for GH».ClL,P,Pd: C, 50.1; = 0.0761 for 2634 Independent ObSE‘l’V.ed reﬂecthﬁa [> 40'(“:0‘)]

H, 4.6. Found: C, 49.9; H, 4.53P NMR (CDCE): ¢ 36.4 (d, 1P, The absolute configuration was determined unambiguously both by an
2Jpp = 4.5 Hz, Fs), 124.5 (d, 1P2Jpp= 4.5 Hz, Ij); 1H NMR (CDClg) R—fgctor t?St W =0.0293R = 00316] and by the Flack parameter,
was similar to that of its racemic analogtie. which refined to anx value of 0.11(5). Selected bond lengths and

Crystal Structure Determination of (—)-5. Yellow prisms were angles are given in Table 2.

obtained as described above, and a crystal of approximate dimensions Acknowledgment. We are grateful to the National Univer-
0.53 x 0.50 x 0.50 mm was used for the diffraction study. Crystal- sity of Singapore for support of this research (Grant No.

lographic data are summarized in Table 1. Intensity data were collected .
in the w-scan mode on a Siemens P4/PC diffractometer using klo K ﬁggjg?:gé%l?; Ph.D. scholarship to S.5. and the EPSRC for

radiation to a maximumevalue of 58. The structure was solved by
direct methods and the non-hydrogen atoms refined anisotropically. H Supporting Information Available: For (—)-5, a figure showing
atoms for the two methyl groups were located frorAB map and a different view of the structure and tables of crystal data, data
their positions idealized while the remaining H atoms were included cqjjection, solution and refinement, final positional parameters, bond
in calculated positions. The H atoms were assigned isotropic thermal gistances and angles, thermal parameters of non-hydrogen atoms, and
parametersy(H) = 1.2Ue{C) [U(H) = 1.8Ue{C—Me)] and allowed calculated hydrogen parameters (6 pages). Ordering information is
given on any current masthead page.
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