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The organopalladium complex containing ortho-metalag€X-(dimethylamino)ethyl)naphthalene as the chiral
auxiliary has been used successfully to promote the asymmetri2] Biels—Alder reactions between 1-phenyl-
3,4-dimethylphosphole and the following coordinated dienophiles: (a) diphenylvinylphosphing)-ijphenyl-
1-propenylphosphine; (cX)-diphenyl-1-propenylphosphine. Reaction a generates three carbon and one phosphorus
stereogenic centers while reactions b and c each produce four carbon and one phosphorus chiral centers. In
dichloromethane, all three reactions proceeded smoothly at room temperature giving the corresponding rigid
diphosphines in high yields. Under similar reaction conditions, the reaction times observed for reacti@ms a

2, 3, and 50 h, respectively. Two-dimensional ROESY NMR studies confirmed that the prolonged reaction time
required for reaction c is due to several major repulsive interactions between the chiral naphthylamine auxiliary
and the g)-methyl-substituted vinylphosphine in the transition state. Nevertheless, all three reactions gave the
corresponding rigid diphosphine in high yields. The absolute stereochemistries of the three bidentate phosphine
ligands that were produced from the cycloaddition reactions have been assigned by 2D ROESY NMR spectroscopy.
These diphosphines are powerful sequesterers of group 8 metals although they are highly air-sensitive in the free
ligand form. The coordination chemistry and the absolute stereochemistry of the optically active complex
[Lo,40,50(S,60(S, 7R-dichloro[5-(diphenylphosphino)-2,3,6-timethy-7-phenyl-7-phosphabicyclo]2.2.1]-hept2Efjealladium-

(1) has been studied by single-crystal X-ray analysis. Crystal structure datel,sCl.P,Pd,M; = 591.7; triclinic;

space groufPl; a = 8.643(3),b = 9.044(6),c = 9.058(4) A;o. = 102.75(4}, B = 108.59(2}, y = 97.82(3};

V =638.05) B, Zz=1; Ry = 0.036.

Introduction contain resolved phosphorus stereogenic centers by using a
chiral organopalladium complex as the reaction promoter. In
some instances, we were able to generate up to five stereogenic
centers in a single concerted+{2] cycloaddition reactior:?

The Diels-Alder reaction therefore offers a simple and efficient
approach for these critically important functionalized P-chiral
phosphines without classic resolution or separation of diaster-
eomers In order to investigate systematically the mechanistic
details in this palladium-complex-promoted asymmetric Diels
YAlder synthesis, we report here the steric factors that affect the
rate of the cycloaddition process during the preparation of the
chiral diphosphine ligands§f)-1a—c.1%1! Itis noteworthy that
there are five stereogenic centers being generated in the new
ligands &)-1b,c.

The asymmetric DielsAlder reaction is one of the most
efficient and elegant methods for the construction of chiral six-
membered ring$. The formation of two carboncarbon bonds
leading to the creation of up to four concatenated stereogenic
centers in a single step, from achiral dienes and dienophiles, is
an attractive feature that renders the DiefMder reaction to
be one of the most fascinating methodologies for asymmetric
organic synthesis. Its usefulness has been illustrated numerousl
by strategic application to the syntheses of important chiral
natural products such as antibiotics and prostaglandins. Re-
cently, we have successfully utilized this powerful synthetic tool
for the enantiospecific synthesis of a series of bidentate
phosphines* as well as functionalized phosphifie% that
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Asymmetric Diels—Alder Synthesis. The chiral diphos- P 25°C,2-50h p Ph C104
phines §&,)-1a—c were obtained enantioselectively in high yields (So-dac (S Ry)-Sac
from the asymmetric DielsAlder reaction between 1-phenyl-
3,4-dimethylphosphole (DMPP) and the corresponding diphen- Mo Me
ylvinylphosphines using the organopalladium comf#eas the Ph
reaction promoter (Scheme 1). Using this synthetic approach, g SR & KCN (5o
diphenylvinylphosphines were initially activated by coordinating Cl/Pd\P < R P
to palladium(l1)12 Due to the unique electronic directing effects RS o
originating from the strongr-accepting aromatic carbon and o
p)- a-C

the o-donating nitrogen donor of the organopalladium dit,
the monodentate phosphine ligands split the chlorine bridges a1 . _

in (S)-2 regiospecifically to give §)-(+)-3a—c. All thiee (o r) . 0im Coer aoution o o PP Ol
monomeric complexes were isolated as stable pale yellow b

crystals. The unsubstituted comple%)(3a was obtained in (Re.Rp)-5a (Re.Rp)-5 (Re.Rp)-5¢

91% isolated yield while the substituted analogu&g;3b and H1 3.65 3.74 3.32
(S)-3c, are somewhat more soluble and could only be crystal- mgg 1;3 112 1;3
lized in 79 and 67% yields, respectively. All three neutral 281 273 266
complexes are soluble in most noncoordinating solvents. In  pysg 3.05 254 3.40
CDCls, the 202 MHZz3'P NMR spectra of &)-(+)-3a—c each H6/Me6(endo) 1.85(H) 0.80(Me) 2.47(H)
exhibited a sharp singlet &t32.9, 31.4, and 16.3 with respective =~ H6/Me6(exo) 2.35(H) 2.95(H) 1.38(Me)
coordination shifts of 44.3, 45.7, and 49.0 ppm. Ph7 7.51 7.51 7.52
To activate the subsequent asymmetrit¢-24 cycloaddition gjgng 87 '28;' 87 562 87 '??f
reactions with DMPP, it is necessary to allow the incoming  peg(ax) 256 258 249
cyclic diene and the dienophiles to be coordinated simulta- Me9(eq) 2.63 2.69 2.76
neously on the chiral metal templdfe.Thus, as illustrated in H10 4.44 4.46 4.46
Scheme 1, addition of stoichiometric quantities of aqueous silver Me10 1.96 2.00 1.99
perchlorate to the stirring dichloromethane solutions containing :ig ggi ggg ;'%21
the chloro _complexes S)-3a—c yielded the_ mtermeghate p7 116.9 124.9 112.3
nonconducting perchlorato comple%)-4a—c in essentially PS 52.7 50.7 437

quantitative yields. We have recently reported on the isolation

and X-ray structural analysis of an analogous palladium(ll) reaction involving &)-4aas the starting material required only
complex containing DMPP and a coordinating perchlorato 2 h to complete while reactions involving thé&)¢{methyl
ligand* In routine synthesis, however, these highly reactive gypstituted analoguesy-4b required about 3 h. A further
species were not isolated and, upon removal of the silver gramatic observation was the prolonged cycloaddition process
chloride and drying with magnesium sulfate, the dichlo- (ca. 50 h) between th&)-methyl-substituted complex§()-4c
romethane solutions of the perchlorato complexes were treatedand DMPP under very similar reaction conditions. Nevertheless,
directly with stoichiometric amounts of DMPP at room tem- NMR studies indicated that all three reactions proceeded to
perature. The cycloaddition reaction was monitored3Hy completion and gave the corresponding Dieddder products
NMR spectroscopy. Interestingly, it was observed that the (SRy)-5a—c as opaque white crystals in 6Z6% isolated
yields. In CDC}, the3P NMR spectrum of each DielsAlder

(11) See ref 2 for a preliminary account of the synthetic work involving complex exhibited a pair of doublets for the two nonequivalent
(Sy-1a In this preliminary report, we used acetonitrile as the solvent

in the chloro displacement procedure. We have subsequently observedPNosphorus nuclei (Table 1). The same NMR _sign_als were
that the Diels-Alder reaction can be completed much faster if recorded from the crude products before crystallization. The
coordinating solvents are not involved. low-field resonances (112125 ppm) are typical for the bridge-

(12) Holt, M. S.; Nelson, J. H.; Savignac, P.; Alcock, N. WAm. Chem. . - -
Soc.1985 107 6396, Rahn, J. A.: Holt. M. S.. O'Neil-Johnson, M.: head phosphorus adopting te&o-synrelative stereochemis-

Nelson, J. Hinorg. Chem.1988 27, 1316. Vac, R.; Nelson, J. H.; try.1215 |t is noteworthy that all known DielsAlder reactions
Milosavljevic, E. B.; Solujic, L.; Fischer, Jnorg. Chem.1989 28, involving vinylphosphines and DMPP require the presence of

4132. Ji, H. L.; Nelson, J. H.; Cian, A. D.; Fischer, J.; Solujic, L.; o f . ; : A
Milosavljevic, E. B.Organometallics1992 11,1840. Wilson, W. L; a transmon, metal Ior,] and Inva,‘r,lably display thexo-syn
Rahn, J. A.: Alcock. N. W.: Fischer, J.: Frederick, J. H.: Nelson, J. Stereochemistry in their cycloaddition produ¢t8!? Selected

) H. Inorg. Chem.1“994 33, 109.Id A 1H and®P NMR data of these complexes are given in Table 1.
13) Leung, P. H.; Willis, A. C.; Wild, S. Blnorg. Chem1992 31, 1406. 1 31 i inati
Chooi.'S. Y. M.: Hor, T. S A.: Leung, P. H.: Mok, K. Faorg. Chem. ThelH and3!P spectral assignments are based on a combination
1992 31, 1494 and references cited therein.
(14) Loh, S. K.; Mok, K. F.; Leung, P. H.; White, A. J. P.; Williams, D.  (15) Mesch, K. A.; Quin, L. DTetrahedron Lett198Q 21, 4791. Mathey,
J. Tetrahedron: Asymmetr{996 7, 45. F.; Mercier, F.Tetrahedron Lett1981 22, 391.
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Figure 1. Numbering scheme used for complex&sR,)-5a—c in the
ROESY NMR studies.
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Figure 2. Absolute conformation of the PdCN ring and the staggered
orientation of its N9 and C10 substituents.

of Se|ective|y3lp_decoup|ed proton Spectra and proton COSY, naphthylamine unit is used as the internal stereochemical
HMQC, and ROESY experiments. referencé:’” Due to an extremely unfavorable intra-chelate
|nteresting|y, the Cyc|oadditions proceeded Smooth|y in interaction between Mel0 of the organopalladium ring and the
noncoordinating solvents such as dichloromethane and chloro-naphthylene proton H17, this carbemethyl group of the §)-
form. However, when a trace amount of acetonitrile or other naphthylamine auxiliary invariably adopts an axial disposition
coordinating solvent was added, these palladium promoted in the rigid five-membered chelate ring bfabsolute conforma-

reactions were slowed down significanfly Similarily, the  tion (Figure 2). Consequently, the prochirat-Me groups are
abstraction of the chloro ligands fror&)-3 prior to the addition locked into noninterconvertable axial and equatorial positions.
of DMPP is an important prerequisite for the Dielalder In addition, the aromatic proton H13 protrudes invariably toward

Coup”ng reaction. For examp|e’ ina Separate experiment, thethe space somewhat below P8. On the basis of the inter-chelate

chloro complex &)-3awas treated directly with the cyclic diene NOE contacts between these stereochemically well-defined
in dichloromethane at room temperature. After 12 h, the NMR probes in the naphthylamine auxiliary and the diphosphine
corresponding*P NMR spectrum exhibited four sharp singlet in 5a it was deduced that wheiS}naphthylamine was used
resonances of ca. equal intensities corresponding to the startings the chiral auxiliary, the absolute chirality of the coordinated
materials &)-3a (6 32.9) and free DMPPY —2.1), together bridge-head phosphorus stereogenic center producéd is
with two newly generated species being identified as the DMPP R, and, in separate experiments, its enantiomeric form was
complex &)-7 (6 36.2Y and the uncoordinated diphenylvi- Produced in a similar manner wheR){naphthylamine was
nylphosphine ligandd —11.4). No other phosphorus reso- employec?:3
nances could be detected. Thus, under these experimental Figures 3 and 4 show the ROESY NMR spectra of the new
conditions, the treatment o&()-3awith DMPP did not produce ~ methyl-substituted analogue&,R;)-5b and &,Ry)-5¢. In both
the desired cycloaddition product but rather formed an equi- spectra, the characteristic NOE patterns within the five-
librium mixture in solution as a consequence of the ligand membered §-metalated naphthylamine ring are clearly re-
redistribution process as illustrated in Scheme 2. A similar corded. For example, strong NOE signals—®) for the
regiospecific ligand redistribution process involving monoden- €xpected interactions between H10 and all the three methyl
tate phosphines and this particular organopalladium unit hasgroups on N9 and C10 are observed. The driving forces for
been utilized recently by Dunina and co-workers for the kinetic Me10 to assume the axial position, i.e. H1817 (D) and
resolution of chiral tertiary phosphiné%. Mel0-H17 (E) repulsive interactions, are prominently reflected
Absolute Stereochemistry Assignment. ROESY NMR in the spectra. In agreement with the exclusive adoption of the
Studies of Ry)-5a—c. Although complexes$ Ry)-5a—c are A conformation by the$)-naphthylamine ring, Me10 interacts
chemically stable and are readily dissolved and recrystallized strongly (F) with NMe(eq) but not with NMe(ax). The regio-
from most organic solvent systems, these crystals generallyStereochemistries in both complexes are established by the NOE
suffer from problems of rapid desolvation and numerous contacts between H13 with Ph8 and P{s#gnals G and H}.It
capillaries are found within the lattices. Consequently, these is important to note that these prochiral phenyl rings at P8 are
opaque crystals are not suitable for single-crystal X-ray structural locked into stereochemically distinct axial and equatorial
investigations. positions by the rigid five membered P7-C4-C5-P8 chelate ring.
Recently, we have established that the 2-D rotating frame  The inter-chelate NOE signals allow the assignment of the
nuclear Overhauser enhancement (ROESY) NMR specta of ~absolute stereochemistry in boti& Ry)-5b and & Ry)-5¢c.
can be used for the unambiguous absolute stereochemistryFigure 5 illustrates the expected intra- as well as inter-chelate
assignment of coordinateldi® Figure 1 shows the numbering  NOE interactions between th€){naphthylamine auxiliary and
scheme used in this series of spectroscopic studies for the-Diels the two possible enantiomeric forms of the chelating diphos-
Alder complexes. In this documented approach, the unique andphine® An analysis of the ROESY spectrum fo&(R;)-5b
predictable absolute chirality of the chiral organopalladium  (Figure 3) revealed that H5 only interacts strongly with Me6

(16) Dunina, V. V.; Golovan, E. B.; Gulyukina, N. S.; Buyevich, A. V.  (17) Chooi, S. Y. M.; Tan, M. K.; Leung, P. H.; Mok, K. fhorg. Chem.
Tetrahedron: Asymmetr{995 6, 2731. 1994 33, 3096.
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Figure 3. 2D 'H ROESY NMR spectrum of§R,)-5b in CDCls. All off-diagonal peaks are of negative intensity. Selected NOE contacts: A,
H10—Mel0; B, H16-NMe(ax); C, H16-NMe(eq); D, H16-H17; E, Mel1G-H17; F, Me1lG-NMe(eq); G,0-Ph8-H13; H, 0-Ph8—H13; |, H1—
Me6; J, HE-Me2; K, H1-H6(exo); L, HI-NMe(eq); M, Me2-Me3; N, Me2-Me6; O, Me3-H5, P, Me3-H4; Q, H4-H5; R, H4-0-Ph8; S,
H5—Me6; T, H5-0-Ph8; U, H5—0-Ph8; V, H6(exo)-Me6; W, H6(exo}-0-Ph8; X, Me6-0-Ph8; Y, Me3-Me6; Z, Me1G-0-Ph8;A, Ph7—NMe-

(ax); a, Ph—=NMe(eq); ®, H-O signal.

(signal S) but not with H6. This observation is consistent with assignment is further supported by the+84Ph8 (T), Ph7—

the endeoccupancy of Me6 and it§-geometrical relationship  NMe(ax) (A), and long-rangeo-Ph8—NMe(ax) (n) contact
with the PPh group. On the other hand, the NOE signals patterns which indicate that all these groups are on the same
recorded in the same spectrum for the-HNIMe(eq) (L) and side below the square-plane. This ROESY spectrum therefore
Mel0-0-Ph8 (Z) suggested that these protons are on the sameconfirms that the absolute configuration at the coordinated P7
side above the square-plane. These NOE patterns, together witlstereogenic center R.

the closeness observed between Ph7 and NMe(ax) (signal Theendoandexodispositions observed in complex&s,Ry)-
are consistent with the structure illustrated in Figure 5a. Hence, 5b and &,Ry)-5¢, respectively, are consistent with the facial
the absolute configuration at P7 i&(R)-5b is R. mode of addition that takes place in the majority of Diels

Similar to theE-methyl substituted analogue, the ROESY Alder reactions® In addition, the ROESY spectrum d&(Ry)-
spectrum of &,Ry)-5¢ (Figure 4) showed all the expected NOE  5c clearly indicated that thexoMe6 group of the diphosphine
signals for the intrachelate within the organometallic and the is projecting significantly toward theS(-naphthylamine auxil-
diphosphine ring. For instance, while the strong contact betweeniary. However, no comparable proximity can be detected
H5 and H6 is clearly recorded (S), no interaction is detected between the relatively smadixaH6 proton and the organome-
between H5 and Me6. Hence, theooccupancy of Me6 can  tallic ring in (&,Ry)-5b. The endeMe6 group in the latter

be established. In contrast to Me6(endo) $R,)-5b, Me6- complex is indeed projecting away from the palladium coor-
(exo0) in &,Ry)-5¢ is projecting somewhat toward th&){ dination atmosphere. This difference in the steric properties
naphthylamine auxiliary and therefore gives rise to several between the two DielsAlder complexes, in conjunction with
significant long-range NOE patterns such as M&&10 (W), the dramatic slow rate detected for the formation®fR,)-5c,
Me6—NMe(eq) (X), and Me6-0-Ph8 (Y). These signals,

) . (18) Oppolzer, W. IlComprehensie Organic Synthesi§;rost, B. M., Ed.;
together with the Me16o-Ph8 (Z) contact, are in agreement Pergamon Press: Oxford, New York, Seoul, Tokyo, 1991; Vol. 5,

with the structure illustrated in Figure 5a. This stereochemical Chapter 4.1.
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Figure 4. 2D *H ROESY NMR spectrum of% R;)-5c in CDCls. All off-diagonal peaks are of negative intensity. Selected NOE contacts: A,
H10—Mel0; B, H16-NMe(ax); C, H16-NMe(eq); D, H16-H17; E, Mel1G-H17; F, Me1lG-NMe(eq); G,0-Ph8-H13; H, 0-Ph8—H13; |, H1—
Me6; J, HE-Me2; K, H1-H6(endo); L, HE-NMe(eq); M, Me2-Me3; N, Me2-H6(endo); O, Me3-H4; P, Me3-H5; Q, H4-H5; R, H4-0-Ph8;

S, H5-H6(endo); T, H5-0-Ph8; U, H5—0-Ph8; V, H6(endo)YMe6; W, Me6-Me10; X, Me6-NMe(eq); Y, Me6-0-Ph8; Z, Me16-0-Ph8; A,
Ph7—NMe(ax); o, Ph7—NMe(eq);d, NMe(ax}-NMe(eq); ®, NMe(ax)}-o0-Ph8; ®, H,O signal.

is in agreement with the observation by Nelson and co-wotkers phorus nuclei recorded &t 124.9, 132.7, and 119.9, respec-
that this type of palladium-promoted Dietélder reaction tively, for complexes Ry)-6a—c. The corresponding PRh
requires both the labilé monodentate cyclic diene and the signals were observed at35.2, 33.1, and 23.6, respectively. It
monodentate dienophile to be coordinated to the metal simul- is significant to note that the phosphoryshosphorus coupling
taneously in the proper orientation during the course of constants (4.37.5 Hz) recorded for all three dichloro complexes
cycloaddition reaction. Due to the steric repulsion between the are markedly smaller than that observed for their naphthylamine
chiral auxiliary and theZ-substituted methyl group in the vinyl  analogues which uncannily show identical couplings at 41.5 Hz.
phosphine precursor and, perhaps, the positioning of Me6(exo)lt is well established that within a-"M—FP' chelate ring, the
proximal to the filled palladium nonbonding d-orbitals, the P—P coupling is divided into “through-the-backbone” and
adoption of such transition state geometry would certainly be “through-the-metal” contribution¥. In a five-membered sys-

more difficult in the case of$,Ry)-5¢. tem, these contributions are nearly equal but of opposite sign.
Removal of Chiral Auxiliary and Structure Analysis of In agreement, it has been recorded by Nelson co-workers that
(Rp)-6¢. The chiral naphthylamine auxiliary irs{R,)-5a—c when the racemic form dfawas coordinated to palladium(ll),

can be removed from the palladium templates chemoselectivelythe Jpp values are invariably small {67.3 Hz)1220 Thus, the
by treatment with hydrochloric acid in acetone. The chiral relatively large P-P couplings observed in the Diet#lder
auxiliary was recovered quantitatively from the mother liqguor products &,R,)-5a—c must be the result of an unusually strong
after treatment with base. On the other hand, the neutral P—-Pd—P electronic interaction within these complexes. Such
dichloro complexesg;)-6a—c were obtained efficiently as stable
pale yellow crystals in 8992% isolated yields. Similar to (19) Garrou, P. EChem. Re. 1981, 81, 229.

_5a— 3 i (20) Nelson, J. H. IfPhosphorus-31 NMR Spectral Properties in Compound
(S:Ry)-5ac, the*’P NMR spectrum of each dichloro complex Characterization and Structural AnalysiQuin, L. D., Verkade, J.

exhibited a pair of doublets for the two nonequivalent phos- G., Eds.; VCH Publishers: Cambridge, Weinheim, New York, 1994;
phorus nuclei with the resonances for the bridge-head phos- Chapter 5.
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Me(ax)

()
Figure 5. The two possible diastereomers ®fcontaining the §-
naphthylamine auxiliary.

Figure 6. Molecular structure and absolute configuration Bf){6c.

strong electronic interactions are clearly triggered by the
organopalladium unit and, indeed, are probably the major
electronic factors for the activation of these asymmetricZ}
cycloaddition reactions.

The X-ray analysis ofR)-6¢ reafirms that, as desired, an

Inorganic Chemistry, Vol. 36, No. 10, 1992143

Table 2. Selected Bond Lengths (A) and Angles (deg) fB5){6c

Pd-P(1) 2.223(4) PeP(2) 2.264(3)

Pd-CI(1) 2.360(4) Pd-CI(2) 2.364(4)

P(1)-C(6) 1.795(6) P(1)C(10) 1.845(10)
P(1)-C(7) 1.852(11) P(2)C(21) 1.812(5)

P(2)-C(27) 1.819(6) P(2)C(11) 1.852(9)

C(7)-C(8) 1.491(14) C(7C(12) 1.575(13)
C(8)-C(9) 1.330(13) C(8yC(13) 1.508(14)
C(9)-C(10) 1.489(13) C(9yC(14) 1.500(14)
C(10)-C(11) 1.588(12) c(1BC(12) 1.590(13)
C(12)-C(15) 1.514(13)

P(1-Pd-P(2) 81.88(13) P(BPd-CI(1) 90.09(14)
P(2)-Pd—CI(1) 169.19(12) P(BPd-CI(2)  172.1(2)

P(2)-Pd-CI(2) 96.56(13) CI(1}Pd—Cl(2) 92.37(14)
C(6)-P(1-C(10)  108.9(4) C(6}P(1)-C(7)  111.1(4)

C(10-P(1-C(7)  80.7(4)  C(6)}P(1y-Pd 118.5(3)

C(10)-P(1)-Pd 112.4(3)  C(AP(1)-Pd 118.8(3)

C(21-P(2-C(27) 103.4(3) C(BP(2)-C(11) 106.0(4)

C(27-P(2-C(11) 107.0(4) C@BHP()}-Pd  112.5(2)

C(27)-P(2)-Pd 122.1(3) C(ABP@2»-Pd  104.8(3)

C(5)-C(6)-P(1) 117.4(4) C(BC(6)-P(1)  122.6(4)

C(8-C(7)-C(12)  108.3(7) C(8}C(7)-P(1)  100.6(7)

C(12-C(7)-P(1)  100.3(6) C(9yC(8)-C(7)  110.3(9)

C(9-C(8)-C(13)  130.1(10) C(AC(8)-C(13) 119.5(9)

C(8)-C(9)-C(10)  111.4(8)  C(8yC(9)-C(14) 127.0(10)
C(10)-C(9)-C(14) 121.6(9)  C(9yC(10)-C(11) 112.9(8)

C(9)-C(10)-P(1)  101.5(6) C(1BC(10)-P(1) 94.8(6)

C(10)-C(11)-C(12) 104.1(7)  C(10}C(11)-P(2) 104.3(6)

C(12-C(11-P(2) 113.0(6) C(15YC(12)-C(7) 114.2(8)

C(15-C(12)-C(11) 117.4(8) C(AC(12)-C(11) 104.5(7)

C(20)-C(21y-P(2) 120.1(3) C(16YC(21)}-P(2) 119.9(3)

C(26)-C(27y-P(2) 119.9(4) C(22C(27)-P(2) 120.0(4)

relationship between P(2) and the C(12) methyl substituent
C(15), creating a new chiral cente) @t C(12). The geometry

at palladium is distorted square planar (tetrahedral distortion
with a twist angle of 1€) with angles at palladium in the ranges
81.9(1)-96.6(1) and 169.2(1)172.1(2). The two Pd-Cl
bonds are, within statistical significance, the same [2.360(4) and
2.364(4) A), but the PgP bond lengths differ by 0.04 A (Table
2), the longer being the P&P(2) bond, implying a possible steric
effect due to the two phenyl rings. The-®—C angle within

the phosphorusnorbornene skeleton [80.7(4)s acute, the two
associated PC bonds being the same [1.85(1) A for both C(7)
and C(10)] and also the same as that observed for/)1).

The five-membered chelate ring has a typical folded geometry
and has d conformation, with C(11) and C(10) lying 0.55 and
0.50 A above and below the-fPd—P plane, respectively.

The generation of theS stereochemistry at C(12), with
retention of asyn geometry for C(12) and P(2), results in an
axial positioning of the C(15) methyl group relative to the six-
membered chelate ring. Hence, the slow rate of reaction for
the Diels-Alder [4+2] cycloaddition for this isomer:{de
suprg is possibly due to a combination of the sterically hindered
relationship between this axial methyl group and the methyl
group on the chiral center of th&)¢naphthylamine auxiliary
(which lies on the same side of the palladium coordination plane)
and the positioning of C(15) proximal to the filled palladium
nonbonding d-orbitals (the closest Mel---Pd approach being
2.76 A).

There are no significant intermolecular interactions other than
van der Waals.

Liberation and Optical Purities of (Sy)-1b,c. The liberation
of (S)-1a has been reported in our first communicatforthe
optically active diphosphinesS()-1b,c could be liberated

enantiomerically pure complex has been formed (Figure 6). The similarily from the corresponding dichloro speci&sRy)-5a—c
analysis shows that the template-directed synthesis of theby the treatment of the complexes with aqueous potassium
palladium diphosphine adduct has proceeded with the desiredcyanide?! Thus, the diphosphines were obtained as highly air-

retention of chirality at the P(1), C(7), C(10), and C(11) centers
(R, R, R, and S respectively) and has also maintainedyam

sensitive colorless viscous oils in 995% yields with p]p of
—62.5 (CH2C|2), —14.# (CHzClz), and —56.0° (CHzClz),
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Scheme 3 and Rc,R,)-9b exhibited these signals at31.1 and 129.13p

= 41.5 Hz). Interestingly, NMR studies confirmed that
complexes5 are stable and do not rearrange into their regio
counterpart® in solution over a peroid of 4 months. It should
be noted, however, that when higher temperatures or coordinat-
ing solvents are used during the asymmetric cycloaddition
process for the direct synthesis &,Ry)-5a,b, small quantities
(3—10%) of the corresponding regio-isome,R,)-9a,b are
observed in the crude products. Since the absolute stereochem-
istry of coordinated diphosphine ligands in these regio-isomers
are identical, such conditions did not affect the optical purities
(Sp)-1a-b of the resulting ligands. However, as all diastereomeric forms
of 9 are highly soluble and could not be crystallized from any
of the solvents tried, the formation of these materials under the
stronger reaction conditions would practically lower the isolated

Me, Me Ph . . .
.y \: E R, yield of the desired DielsAlder complexes.
Cu, N, o/ R,
"Nt
(¢ Rp)-5a-b + S PR Experimental Section
ClO4~ . . . . .
OO l|>h N 4 Reactions involving air-sensitive compounds were performed under
a positive pressure of purified nitrogen. For NMR all samples were
(S Ry)-9a-b dissolved inca. 0.6 mL of CDCk in 5 mm o.d. NMR tubes and

examined at 23C. Proton spectra were recorded at 500.14 MHz and

31p spectra at 202.46 MHz on a Brucker AMX500 NMR spectrometer.
respectively, for §)-1b,c. Stereospecific displacement of the The phase-sensitive ROESY experiments were acquired into a 1024
chiral diphosphines from palladium was confirmed by the x 512 matrix with a 250 ms spin locking time and a spin lock field
quantitative repreparation 0&{Ry)-5a—c from the correspond-  strength such thatB,/2z = 5000 Hz and then transformed into 1024
ing liberated diphosphine wittg{-2: The 202 MHZ3'P NMR x 1_024 point_s using a sine bell weighting funct_ipn in both dimensions.
spectra of the crude products indicated diastereon®Ro)- Optical rotatlops were measured on the specn‘led_ solutions in a 1-dm
5a—conly. Ina further test of optical purity, the diastereomeric gﬁg@iovcvevrvéthpzrf?rm'&ir;iﬂ2"cn’/?iglosfnlaf’y%f;mLeﬁﬁgraif?§Ptfhle
Compl:exes RC‘R‘?)]Sa ¢ Yver(la prﬁpar_ed f:or’(rjq,)-lb,chand the Department of Chemistry at the National University of Singapore.
egua y accessibleR)-2; only the signals due t(.) theR{Rp) Both of the enantiomerically pure forms of his¢hloro)bis[R/9-
dlastereomers_ were observed. It should be re|ter§1ted that thel-[l-(dimethylamino)ethyl]-z-naphthalengZI,—l\l]dipalladium(l|) dichlo-
(Rc,Rp)'E’a_C_ d'aStereomer_S COL_“d not be prOO!UCGd directly from romethane solvat¥,2, the E andZ forms of diphenyl-1-propenylphos-
the respective asymmetric Dielélder reactions whenR)- phine? and the optically pure forms of complex@a—6a were
naphthylamine was used as the chiral auxiliary and, instead, prepared as previously described.
only (R..S)-5a—c were obtained in these enantiomeric reactions.  [SP-4—4-(S)-Chloro[1-[1-(dimethylamino)ethyl]-2-naphthalenyl-

It is interesting to note that all the three optically pure C,N][diphenyl-1-propenyl-(E)-phosphineP]palladium(ll) [( S)-3b].
diphosphines %,)-1a—c are capable of splitting the chlorine A mixture of diphenyl-1-propenyl&)-phosphine (3.0 g) and-2 (5.0
bridges in &)-2 in a regioselective manner to give onk:,R,)- g)in dlch_loro_methane (300 mL)_ was stirred at room temperature until
5a—c. However, while the coordination ofS)-1c to the all the dimeric complex had dissolved (ca. 1 h). The solvent was

: L 3 Lo ; . removed from the reaction mixture, and the residue was recrystallized
analogous bis(acetonitrile) compl@® retains its regiospeci from dichloromethaneethanol mixture, forming yellow prisms: Mp

ficity, the complexation of the less sterically demanding 196-198°C; [a]o +79.# (c 1.0, CHCE): 6.0 g (79% yield). Anal.
diphosphines )-1a and &))-1b to this cationic complex is  calcd for GeHsCINPPd: C, 61.5; H, 5.5; N, 2.5; Cl, 6.3; P, 5.5.
nonselective. Hence, when these optically pure diphosphinesround: c, 61.5; H, 5.6; N, 2.5; Cl, 6.4; P, 5.72P NMR (CDCE): o
were treated with%)-8, mixtures containinga. 1:1 of the two 31.5(s). *H NMR (CDCly): 6 1.89 (ddd, 3H3Ju = 6.5,%Jun = “Jpn

possible regio-isomers, i.65{Ry)-5 and &, Ry)-9, were formed = 1.6 Hz, PG=CMe), 2.02 (d, 3H,3J4y = 6.3 Hz, CHVle), 2.74 (d,
(Scheme 3). In CDGJ the 3P NMR spectrum of each new  3H,%Jsw = 1.3 Hz, NMe), 2.96 (d, 3HiJpn = 3.4 Hz, NMe), 4.35 (gn,
regio-isomer exhibited a pair of doublets for the two nonequiva- 1H. 3JHH3: “Jpr = 6.3 Hz, GHMe), 6.00 (ddq, 12H,3JPH - 17.3,%0m

lent phosphorus nuclei d29.9 and 118.3%p=41.5 Hz) for = 164, =65 Hz, PE=CH), 6.60 (ddd, 1Hpn = s = 16.4,

(S.Ry)-9aandd 26.8 and 126.6)p = 41.5 Hz) for &,R,)-9b. i = 1.6 Hz, PCGH), 6.62-8.00 (m, 16H, aromatics).

The upfield shifts of the PRtresonances (ca. 224 ppm) [SP-4-4-(S)-Chloro[1-[1-(dimethylamino)ethyl]-2-naphthaleny!-

from (S,R;)-5 to (S,Ry)-9 are in close agreement with the C,N][diphenyl-1-propenyl-(Z)-phosphineP]palladium(ll) [( S)-3c].

. > . Nl . . . The complex was prepared similarly from diphenyl-1-prope@yi-(
disposition of this moietgisto the NMe group in this particular phosphine (0.9 g) andJ-2 (1.5 g). The crude product was recrystal-

family of organometallic unit* Similarly, the dlastereomerlf: lized from dichloromethanediethyl ether, forming yellow prisms: Mp
complexesR,Ry)-9a,bwere observed when the corresponding 193-195°C; [a]p +66.5 (c 0.8, CHCH); 1.5 g (67% yield). Anal.
diphosphines were treated witR§-8. (R;,Ry)-9aexhibited the Calcd for GgHa:CINPPd: C, 61.5; H, 5.5; N, 2.5; Cl, 6.3; P, 5.5.
pair of 3P NMR doublets ad 34.8 and 119.8J%p= 41.5 Hz), Found: C, 61.5; H, 5.6; N, 2.6; Cl, 6.5; P, 5.81P NMR (CDC}): o
16.3(s). H NMR (CDCly): 6 2.00 (d, 3H,3Jus = 6.4 Hz, CHVie),
(21) The apparent inversion of configuration of the bridge-head phosphorus 2.28 (ddd, 3HJu = 7.1,%Jpn = 2.5,%Jy = 1.6 Hz, PG=CMe), 2.75
that takes place when the diphosphine is liberated from the metal is (d, 3H,*Jen = 1.4 Hz, NMe), 2.95 (d, 3HJpn = 3.2 Hz, NMe), 4.35
consistent with the specification of Cahimgold—Prelog (CIP) (gn, 1H,334 = “Jpw = 6.4 Hz, HMe), 6.42 (ddq, 1H3Juy = 12.2,

sequence ru.Ie@. ] 2Jpn = 9.2,%3yn = 1.6 Hz, P®), 6.74 (ddq, 1H3Jpy = 35.8,33un =
(22) fgaéhan,SR:gSSS, Ingold, C. K, Prelog, \AngeW. Chem., Int. Ed. Engl 12-213\JHH =7.1Hz PC=CH), 6.80-7.80 (m, 16H, aromatiCS).
(23) Chooi,’S. Y. M.; Siah, S. Y.; Leung, P. H.; Mok, K. Forg. Chem.

1993 32, 4812. (25) Allen; D. G.; McLaughlin, G. M.; Robertson, G. B.; Steffen, W. L,;
(24) Bookham, J. L.; McFarlane, W. Chem. Soc., Chem. Comm@893 Salem, G.; Wild, S. Blnorg. Chem.1982 21, 1007.

1352. (26) Grim, S. O.; Molenda, R. R. Org. Chem198Q 45, 250.



P-Chiral Diphosphines

{(9)-1-[1-(Dimethylamino)ethyl]naphthyl-C? N}{ (1o.,40.,50.(S),66-
(R),7R)-[5-(diphenylphosphino)-2,3,6-trimethy-7-phenyl-7-phospha-
bicyclo[2.2.1]hept-2-eneP®, P} palladium(ll) Perchlorate, [( S.,Rp)-
5b]. A solution of (&)-3b (4.0 g) in dichloromethane (150 mL) was
subjected to chloride abstraction using silver perchlorate (1.46 g) in
water (5 mL). The colorless organic layer, after the removal of AgClI
and dried (MgSG@), was treated with DMPP (1.33 g) at room
temperature. The reaction was monitored®*#y NMR spectroscopy
and was found to be complete in 3 h. Removal of the solvent gave
(%Ry)-5b as a white residue which was then crystallized from
chloroform—diethyl ether to give the complex as white needles: Mp
188-189 °C; [a]p +40.C° (c 1.0, CHC}); 3.5 g (61% yield). Anal.
Calcd for GiH44CINOP,PA0.5H,0: C, 59.5; H, 5.5; N, 1.7; Cl, 4.3;
P, 7.5. Found: C, 59.6; H, 5.3; N, 1.6; Cl, 4.6; P, 78P NMR
(CDCh): 6 50.7 (d,Jpp = 41.5 Hz, RB), 124.9 (d,Jpp = 41.5 Hz, B).

H NMR (CDCly): 6 0.80 (d, 3H,%J4n = 6.8 Hz, PC®/e€), 1.45 (s,
3H, C=CMe), 1.78 (s, 3H, &CMe), 2.00 (d, 3H,3Jw = 6.2 Hz,
CHME), 2.54 (dddd, 1H,SJPH = 42-572~]PH = 8.3,3JHH = 3\]HH’ =1.8

Hz, Hs), 2.58 (d, 3H2Jpy = 1.3 Hz, NMe), 2.69 (dd, 3H'Jpn = “Jpn

= 3.4 Hz, NMe), 2.73 (d, 1H3Jyy = 1.8 Hz, Hy), 2.95 (dgdd, 1H,
SJPH = 24-713~]HH = 6.8,3JH'H = 3‘]HH” =1.8 HZ, Hs), 3.74 (d, 1H,3JHH

= 1.8 Hz, H), 4.46 (gn, 1H23Jw = 4Jpn = 6.2 Hz, (HMe), 6.80-

8.33 (m, 21H, aromatics).

{(9)-1-[1-(Dimethylamino)ethyllnaphthyl-C? N}{ (1o, 40, 50(S), 60
(S),7R)-[5-(diphenylphosphino)-2,3,6-trimethy-7-phenyl-7-phospha-
bicyclo[2.2.1]hept-2-eneP®, P} palladium(ll) Perchlorate, [( S.,Rp)-
5c]. The cycloaddition reaction was performed similarly fro&){3c
(1.0 g) and DMPP (0.33 g). The crude product was recrystallized from
dichloromethanediethyl ether, forming white needles: Mp 21314
°C; [a]p +60.7 (c 1.0, CHC}); 1.1 g (76% vyield). Anal. Calcd for
C4H4CINO4P:Pd: C, 60.1; H,5.4; N, 1.7; Cl, 4.3; P, 7.6. Found: C,
59.8; H,5.4; N, 1.7; Cl, 4.4; P, 7.3'P NMR (CDCE): ¢ 43.7 (d,Jpp
= 415 Hz, B), 112.3 (d,Jpp = 41.5 Hz, B). *H NMR (CDCL): §
1.37 (s, 3H, &CMe), 1.38 (d, 3H,3Juy = 6.3 Hz, PC®/e), 1.78 (s,
3H, C=CMe), 1.99 (d, 3H3Jus = 6.3 Hz, CHVle), 2.47 (m, 1H, H),
2.49 (d, 3HJpn = 1.7 Hz, NMe), 2.66 (s, 1H, k), 2.76 (dd, 3H{Jpn
= 4Jpy = 3.6 Hz, NMe), 3.32 (d, 1H3Jun = 2.1 Hz, H), 3.40 (dddd,
1H, SJPH = 45-4,2-]PH = 3\]HH = 8-4,3-]HH’ = 2.1 Hz, H;), 4.46 (qn, 1H,
3Jun = “Jpn = 6.3 Hz, HMe), 7.00-8.40 (m, 21H, aromatics).

[SP-4—2-[(1a,4a,50(S),66(R), 7R]]-Dichloro[5-(diphenylphosphino)-
2,3,6-trimethy-7-phenyl-7-phosphabicyclo[2.2.1]hept-2-enB2,P7]-
palladium(ll) [( Ry)-6b]. The Diels-Alder template complex3,R)-
5b (2.0 g) was dissolved in acetone (100 mL), and the elution was
treated with hydrochloric acid (10 M, 3 mL). The reaction mixture
was then refluxed for 15 min. Bright yellow microcrystals 8%)-6b
precipitated out during this period. The product was then filtered and
recrystallized from dichloromethandiethyl ether: Mp> 280°C; [a]p
+40.4 (c 1.0, CHCI); 1.3 g (89% vyield). Anal. Calcd for £Hogs
ClL,P,Pd0.5H,0: C, 53.9; H, 4.8; Cl, 11.8; P, 10.3. Found: C, 53.9;
H, 4.8; Cl, 11.8; P, 10.43P NMR (CDCk): 6 33.1 (d,Jpp= 4.3 Hz,
Ps), 132.7 (d,Jpp = 4.3 Hz, B). *H NMR (CDCL): 6 0.75 (d, 3H,
3Jun = 6.8 Hz, PC®/e), 1.56 (s, 3H, &CMe), 1.63 (s, 3H, E&=CMe),
2.44 (dddd, lH?\]pH = 49-7,2~]PH = 7.O,BJHH = 3JHH’ =1.8 HZ, H;),
2.97 (dqdd, 1H?JPH = 23-913JHH = 6.8,3JH'H = 3JHH” =1.8 HZ, |‘k),
3.11 (dd, 1HZJpn = 3Jun = 1.8 Hz, Hy), 3.32 (dd, 1H2Jpn = 3Jun =
1.8 Hz, Hy), 7.40-8.20 (m, 15H, aromatics).

[SP-4—2-[(1a,40,50.(S),60/(S), 7R]]-Dichloro[5-(diphenylphosphino)-
2,3,6-trimethy-7-phenyl-7-phosphabicyclo[2.2.1]hept-2-enE2,P7]-
palladium(ll) [( Rp)-6c]. The chiral auxiliary was removed similarly
from (&,Ry)-5¢ (0.5 g) using HCI. The crude product was recrystallized
from dichloromethanediethyl ether: Mp> 280 °C; [o]p —43.6° (C
0.5, CHCI,); 0.33 g (91% vyield). Anal. Calcd for £H2sCloP,-
Pd0.5H,0: C, 53.9; H, 4.8; CI, 11.8; P, 10.3. Found: C, 53.7; H,
4.5; Cl, 11.8; P, 9.8.3'P NMR (CDCly): ¢ 23.6 (d,Jpp = 7.5 Hz,
Ps), 119.9 (d,Jpp = 7.5 Hz, B). H NMR (CD.Cl,): ¢ 1.46 (s, 3H,
C=CMe), 1.56 (d, 3H2Juy = 7.5 Hz, PC®e), 1.69 (s, 3H, &CMe),
2.49 (dqdd, 1H§JPH = 3JPH = 17-2.3JHH = 8.6,3JH'H =75 HZ, |‘k),
2.90 (s, 1H, H), 3.00 (s, 1H, H), 3.28 (ddd, 1H3Je = 51.7,23pn =
3Jun = 8.6 Hz, H), 7.40-8.50 (m, 15H, aromatics).

(1a,40,50(S),66(R), 7S)-[5-(Diphenylphosphino)-2,3,6-trimethy-
7-phenyl-7-phosphabicyclo[2.2.1]hept-2-ene] $§)-1b]. A solution
of (Ry)-6b (0.18 g) in dichloromethane was stirred vigorously with a
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saturated aqueous solution of potassium cyanide (1 g) for 30 min. The
resulting colorless organic layer was separated, washed with water, and
then dried (MgSG). Upon the removal of solvent, a highly air-sensitive
low-melting solid was obtained:ofp —14.4 (c 0.5, CHCl,); 0.12 g
(95% vyield). 3P NMR (CDCE): 6 24.2 (d,Jpp= 21.3 Hz, R), 130.0
(d, Jep = 21.3 Hz, B). Due to its stereodynamic instability, the free
ligand was not isolated and was immediately used for recomplexation
reactions'®
(1a,40,50(S),60.(S), 7S)-[5-(diphenylphosphino)-2,3,6-trimethy-7-
phenyl-7-phosphabicyclo[2.2.1]hept-2-ene] §,)-1c]. The free diphos-
phine ligand was liberated similarily fronR¢)-6¢ (0.20 g) by treatment
with aqueous potassium cyanide]f —56.0° (¢ 0.5, CHCl,); 0.12 g
(95% yield). 3P NMR (CDCE): ¢ 23.3 (d,J.p= 26.8 Hz, ), 110.8
(d, Jep = 26.8 Hz, B). As in the case 0f%,)-1b, the free ligand was
not purified further and was immediately used for recomplexation
reactions.
{(R)-1-[1-(dimethylamino)ethyl]naphthyl-C? N} { (10,40, 50.(S),66-
(R),7R)-[5-(diphenylphosphino)-2,3,6-trimethy-7-phenyl-7-phospha-
bicyclo[2.2.1]hept-2-eneP>,P7} palladium(ll) Chloride/Perchlorate
[(Re,Rp)-5b]. A fresh sample of §)-1b (0.1 g) in dichloromethane
(20 mL) was stirred with a solution ofR)-2 (0.12 g) in dichlo-
romethane (20 mL). After 15 min the solvent was removed to give
the corresponding chloride salt as a white solid. ¥ReNMR spectrum
of this material in CD exhibited a pair of doublets @t48.1 (d,Jep
= 41.5 Hz, R), 127.9 (d,Jpp = 41.5 Hz, B). The crude product was
crystallized from chloroformrdiethyl ether to give the chloride salt as
pale yellow prisms: Mp 172175 °C; [a]p +11.4 (c 0.2, CHC});
0.15 g (75% vyield). Anal. Calcd for £H4CINPPd: C, 65.2; H,
5.9;N,1.9; Cl, 4.7; P, 8.2. Found: C, 65.6; H, 5.5; N, 1.6; ClI, 4.6; P,
8.6. 3P NMR (CDC}): 6 48.1 (d,Jpp = 41.5 Hz, R), 127.9 (d,Jep
= 41.5 Hz, B). H NMR (CDCl): ¢ 0.70 (d, 3H,3J4 = 6.8 Hz,
PCQMe), 1.44 (s, 3H, &CMe), 1.68 (d, 3H.2Jun = 6.2 Hz, CHVe),
1.72 (s, 3H, G=CMe), 2.41 (dd, 1H3Jpy = 41.2,2Jpy = 8.3, H5), 2.57
(dd, 3H,%Jpn = “Jpn = 3.7 Hz, NMe), 2.66 (s, 1H, B, 3.25 (s, 3H,
NMe), 3.27 (m, 1, H), 4.38 (d, 1H2Juy = 1.8 Hz, H), 4.40 (gn, 1H,
3Jun = “Jpy = 6.2 Hz, (HMe), 6.80-8.25 (m, 21H, aromatics). The
chloride salt was subsequently treated with silver perchlorate to give
the corresponding perchlorate salt. THE NMR spectrum of this
material in CDC} was identical to that recorded for the chloride.
{(R)-1-[1-(Dimethylamino)ethyllnaphthyl-C? N}{ (1a.,4a,50(S),60.-
(9),7R)-[5-(diphenylphosphino)-2,3,6-trimethy-7-phenyl-7-phospha-
bicyclo[2.2.1]hept-2-eneP®,P7} palladium(ll) Chloride/Perchlorate
[(Re,Rp)-5¢]. The diastereomeric complex was initially prepared as its
chloride salt from &)-1c (0.5 g) and R)-2 (0.5 g). The®P NMR
spectrum of the crude product in CR@ixhibited a pair of doublets at
0 45.2 (d,Jpp = 41.5 Hz, B) and 113.5 (dJer = 41.5 Hz, B). The
chloride salt of R,Ry)-5¢ was crystallized from chloroformdiethyl
ether as pale yellow needles: Mp 16869 °C; [o]p +12.8 (c 0.5,
CHCI5); 0.8 g (84% yield). Anal. Calcd for £H4.CINP,Pd: C, 65.2;
H,5.9;N, 1.9; Cl, 4.7; P, 8.2. Found: C, 65.1; H,5.7; N, 2.0; Cl, 4.6;
P, 8.7. %P NMR (CDCb): 6 45.2 (d,Jpp=41.5 Hz, R), 113.5 (d Jpp
= 41.5 Hz, B). H NMR (CDCL): ¢ 1.38 (s, 3H, &CMe), 1.48 (d,
3H, 334y = 7.3 Hz, PC®/e), 1.61 (d, 3H,2Juy = 6.2 Hz, CHVIe),
1.76 (S, 3H, C=CMe), 2.49 (dqdd, 1H,3JPH = 3JpH = 17-273\]HH =
8.6,%)yn = 7.3 Hz, H), 2.58 (dd, 3H Jpy = “Jpu = 3.8 Hz, NMe),
2.65 (s, 1H, H), 3.32 (s, 3H, NMe), 3.91 (s, 1H, ) 3.47 (ddd, 1H,
3-]PH = 44.8,2JPH = S\JHH = 8.6 Hz, H;), 4.50 (qn, 1H.3-]HH = 4.]pH =
6.2 Hz, tHMe), 7.00-8.30 (m, 21H, aromatics). The corresponding
perchlorate salt obtained subsequently by the treatment with silver
perchlorate gave NMR signals identical to those of the chloride salt.
Crystal Structure Determination of (Rp)-6¢. Crystal data forRy)-
6c and a summary of the crystallographic analysis are given in Table
3. Atotal of 1794 unique reflections were measurel £45°) on a
Siemens P4 diffractometer usirgscans, of which 1697 haldF,| >
40(|Fo|) and were considered to be observed. The data were corrected
for Lorentz and polarization factors but not for absorption. The
structure was solved by direct methods, and all the non-hydrogen atoms
were refined anisotropically with the phenyl rings being treated as
idealized rigid bodies. The hydrogen atoms of the methyl groups
attached to spcenters were located fromfF map and subsequently
optimized. The remaining hydrogen atoms were placed in calculated
positions. All of the H-atoms were assigned isotropic thermal
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Table 3. Crystallographic Data for ComplexR)-6¢

Aw et al.

least squares based Bh The absolute stereochemistry was determined
by both anR-factor test Rt = 0.0364,R~ = 0.0378] and by use of the

formula SarHaClaPPd Flack parametenq = —0.07(11),x = +1.07(11)].
space group P1 Computations were carried out on a Pentium PC computer using
alA 8.643(3) the SHELXTL PC program systefi. Additional material available
b/A 9.044(6) from the Cambridge Crystallographic Data Centre comprises H atom
c/A 9.058(4) coordinates, thermal parameters, and remaining bond lengths and angles.
deg 102.75(4) Acknowled Wi ful to the National Uni
Bldeg 108.59(2) _Acknowle gment. We are gratefu Fot e National Univer-
yldeg 97.82(3) sity of Singapore for support of this research (Grant No.
VIA3 638.0(5) RP920606) and research scholarships to B.-H.A. and S.S. and
z 1 the EPSRC for the diffractometer and the 500 MHz NMR
TIK 293 spectrometer.
Peaicdd CNT3 1.540
A 0.71073 (Mo) Supporting Information Available: For (R,)-6c tables of crystal
ulemt 10.8 data and data collection, solution, and refinement parameters, final
R; (obsd daté) 0.0355 positional parameters, bond distances and angles, thermal parameters
WR; (obsd datd) 0.0830 of non-hydrogen atoms, and calculated hydrogen parameters (5 pages).

aRy = Y ||Fo — IFll/S IFol. PWRs = { S[W(F — FAF/ S [W(EAT} V2 Ordering information is given on any current masthead page.

wt = 0%(F¢?) + (aP)? + bP. IC961479S

parameters(H) = 1.2Ue{C) [U(H) = 1.8U.{C—Me)], and allowed (27) SHELXTL PC version 5.03, Siemens Analytical X-Ray Instruments,
to ride on their parent carbon atoms. Refinements were by full-matrix Inc., Madison, WI, 1994.



