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The optical resolution of the C2-symmetrical racemic ligand (RP*SC*)-1,1′-diphenyl-3,3′,4,4′-
tetramethyl-2,2′-diphosphole-3,3′-diene (()-(1) has been achieved efficiently via fractional
crystallization of a pair of diastereomeric palladium(II) complex cations containing the
appropriate form of the chelating diphosphine ligand and orthometalated (S)-(1-(dimethyl-
amino)ethyl)naphthalene. The absolute stereochemistries of both diastereomeric complexes
have been confirmed by single-crystal X-ray crystallography. The liberation of the optically
active diphosphine ligand from the corresponding resolved complexes involved two steps:
the removal of the naphthylamine ligand with concentrated hydrochloric acid followed by
the decomposition of the intermediate [Pd(1)Cl2] species with aqueous potassium cyanide.
Thus, (RPSC)-(-)-(1) and (SPRC)-(+)-(1) were obtained in high yields with [R]D ) (124.3°
(C6H6). These resolved ligands are configurationally stable, as their optical purities remained
unchanged upon heating at 140 °C for 48 h in benzene and in propanol. They are able to
form the optically active digold complexes [Au2(µ-1)Cl2], despite the fact that the two rigid
heterocyclic rings are linked with a carbon-carbon bond of restricted rotation.

Introduction

The development of heterocyclic compounds contain-
ing tertiary phosphorus donor atoms has received con-
siderable attention and has been the subject of several
recent reviews.1 Apart from being excellent catalyst
supporters,2 the rich heterocyclic chemistry of these
cyclic phosphines3 and their interesting coordination
properties4 have also been frequently highlighted by
both organic and inorganic chemists. Furthermore, the
stereodynamic properties of the phosphorus atom in
these heterocycles have also been discussed in many
reports.5-7 In general, it has been observed that the
substituents borne on phosphorus play an important

role in the rate of pyramidal inversion at the heteroa-
tom5 and heterocyclic rings with high aromaticities often
show much lower inversion barriers6 than their ali-
phatic analogues.7 We are interested in the development
of optically active ligands containing stable phosphorus
stereogenic centers.8 Here we report the optical resolu-
tion and the configurational stability of the P-chiral
heterocyclic diphospholene (()-1.

Results and Discussion

Resolution of the Diphosphine Ligand (()-1. The
air-sensitive diphospholene ligand (()-1 was prepared
according to a literature method which involves the
thermal dimerization of 1-phenyl-3,4-dimethylphosphole
in cyclohexanol in the presence of anhydrous nickel
bromide.9 It should be noted that the diphosphine ligand
contains 2 carbon and 2 phosphorus stereogenic centers
and hence may exist as a mixture of up to 16 isomers.10

Interestingly, only the C2-symmetrical racemic form was
obtained in this reported synthesis.9 In our laboratory,

(1) Gaumont, A. C.; Denis, J. M. Chem. Rev. 1994, 94, 1413. Mathey,
F. Phosphorus, Sulfur Silicon Relat. Elem. 1994, 87, 139. Venkat-
aramu, S. D.; MacDonell, G. D.; Purdum, W. R.; El-Deek, M.; Berlin,
K. D. Chem. Rev. 1997, 97, 121. Mathey, F.; Mercier, F. C. R. Acad.
Sci., Ser. IIb 1997, 324, 701.

(2) Mercier, F.; Laporte, F.; Richard, L.; Mathey, F.; Schroder, M.;
Regitz, M. Angew. Chem., Int. Ed. Engl. 1997, 36, 2364. Mathey, F.;
Mercier, F.; Robin, F.; Ricard, L. J. Organomet. Chem. 1998, 577, 117.
Chen, Z.; Jiang, Q.; Zhu, G.; Xiao, D.; Cao, P.; Guo, C.; Zhang, X. J.
Org. Chem. 1997, 62, 4521. Zhu, G.; Chen, Z.; Jiang, Q.; Xiao, D.; Cao,
P.; Zhang, X. J. Am. Chem. Soc. 1997, 119, 3836. Xiao, D.; Zhang, Z.;
Jiang, Q.; Zhang, X. Tetrahedron Lett. 1998, 39, 5331. Jiang, Q.; Jiang,
Y.; Xiao, D.; Cao, P.; Zhang, X. Angew. Chem., Int. Ed. Engl. 1998, 37,
1100.

(3) Quin, L. D.; Hughes, A. N. The Chemistry of Organophosphorus
Compounds; Hartley, F. R., Ed.; Wiley: Sussex, U.K., 1990; Vol. 1,
Chapter 10. Brandi, A.; Cicchi, S.; Goti, A.; Koprowski, M.; Pi-
etrusiewicz, K. M. J. Org. Chem. 1994, 59, 1315.

(4) Nelson, J. H. Coord. Chem. Rev. 1995, 139, 245. Falvello, L. R.;
Fernandez, S.; Navarro, R.; Urriolabeitia, E. P. New J. Chem. 1997,
21, 909. Kojima, T.; Saeki, K.; Ono, K.; Matsuda, Y. Bull. Chem. Soc.
Jpn. 1998, 71, 2885. Tissot, O.; Gouygou, M.; Daran, J. C.; Balavoine,
G. A. Organometallics 1998, 17, 5927.

(5) Cremer, S. B.; Chorvat, R. J.; Chang, C. H.; Davis, D. W.
Tetrahedron Lett. 1968, 5799. Nyulaszi, L.; Soos, L.; Keglevich, G. J.
Organomet. Chem. 1998, 566, 29.

(6) Egan, W.; Tang, R.; Zon, G.; Mislow, K. J. Am. Chem. Soc. 1970,
92, 1442. Egan, W.; Tang, R.; Zon, G.; Mislow, K. J. Am. Chem. Soc.
1971, 93, 6205. Rauk, A.; Andose, J. D.; Frick, W. G.; Tang, R.; Mislow,
K. J. Am. Chem. Soc. 1971, 93, 6507. Andose, J. D.; Rauk, A.; Mislow,
K. J. Am. Chem. Soc. 1974, 96, 6904.

(7) Marsi, K. L. J. Chem. Soc., Chem. Commun. 1968, 846. Marsi,
K. L. J. Am. Chem. Soc. 1969, 91, 4724.

(8) Aw, B. H.; Hor, T. S. A.; Selvaratnam, S.; Mok, K. F.; White, A.
J. P.; Williams, D. J.; Rees, N. H.; McFarlane, W.; Leung, P. H. Inorg.
Chem. 1997, 36, 2138. Leung, P. H.; Selvaratnam, S.; Cheng, C. R.;
Mok, K. F.; Rees, N. H.; McFarlane, W. J. Chem. Soc., Chem. Commun.
1997, 751. He, G. S.; Loh, S. K.; Vittal, J. J.; Mok, K. F.; Leung, P. H.
Organometallics 1998, 17, 3931. Song, Y. C.; Vittal, J. J.; Chan, S. H.;
Leung, P. H. Organometallics 1999, 18, 650.

(9) Mercier, F.; Mathey, F.; Fischer, J.; Nelson, J. H. Inorg. Chem.
1985, 24, 4141.
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(()-1 has been optically resolved by means of metal
complexation. As illustrated in Scheme 1, the resolution
process involved the use of the dimeric organopalladium
complex (SC)-2 as the resolving agent. The initial
diastereomeric mixture of cationic complexes 3 was
obtained quantitatively as their chloride salts from the
reaction between (()-1 and stoichiometric amount of
(SC)-2 in dichloromethane. The 31P NMR spectrum of
the crude chloride salts in CDCl3 exhibited two pairs of
doublets of similar intensities at δ 54.64 (JPP ) 36.6 Hz),
58.07 (JPP ) 31.4 Hz), 74.62 (JPP ) 31.4 Hz), and 77.43
(JPP ) 36.6 Hz). However, attempts to crystallize these
chloride salts were not successful, despite using many
different solvent systems. Therefore, the diastereomeric
complexes were converted into their perchlorate salts
by treatment with silver perchlorate. As observed for
many similar analogous cationic complexes,8,11 the 31P
NMR spectrum of the crude perchlorate salts in CDCl3
exhibited resonance signals identical with those re-
corded for their chloride counterparts. The less soluble
diasteromer (SC-RPRC)-3 was separated from the dia-
stereomeric mixture by fractional crystallization in
dichloromethane-diethyl ether. The pure diastereomer
was obtained in 82% yield with [R]D ) +83.0° (CH2Cl2).
The 31P NMR spectrum of (SC-RPRC)-3 in CDCl3 exhib-
ited a pair of doublets at δ 58.07 and 74.62 (JPP ) 31.4
Hz). The more soluble diastereomer (SC-SPSC)-3 was

subsequently isolated in its optically pure form from the
concentrated mother liquor as pale yellow blocks in 88%
yield with [R]D +25.7° (CH2Cl2). The 31P NMR spectrum
of (SC-SPSC)-3 in CDCl3 exhibited the expected doublets
at δ 54.64 and 77.43 (JPP ) 36.6 Hz). The molecular
structure and absolute stereochemistry of both diaster-
eomers were determined by X-ray structural analyses.
The studies reveal that, in the less soluble (SC-RPRC)
isomer, the absolute stereochemistries at the five chiral
centers C(11), P(1), P(2), C(15) and C(21) are S, R, R,
R, and R, respectively (Figure 1). The X-ray analysis of
diastereomer (SC-SPSC)-3 reveals the presence of two
crystallographically independent molecules in the asym-
metric unit (labeled A and B). Both molecules have the
same absolute stereochemistry with an S absolute con-
figuration at all five stereogenic centers. The coordina-
tion chemistry at palladium for the two molecules are
essentially the same. There are slight differences in the
bond distances and the rotations of the P-phenyl rings
with respect to the coordination plane. For clarity, only
molecule A of (SC-SPSC)-3 is depicted in Figure 2. The
ORTEP plot of another molecule has been deposited as
Supporting Information. Selected bond distances and
angles of both diastereomeric complexes are given in
Table 1.

(10) Each stereoisomeric diphosphine compound contains two phos-
phorus and two carbon stereogenic centers. For clarity, only two
descriptors (one each for phosphorus and carbon) are used to label the
chiralities of these C2-symmetrical ligands. Full stereochemical de-
scriptors, consistent with those employed by the Chemical Abstract
Service, are given in the Experimental Section.

(11) Leung, P. H.; Siah, S. Y.; White, A. J. P.; Williams, D. J. J.
Chem. Soc., Dalton Trans. 1998, 893 and references therein.

Scheme 1

Figure 1. Molecular structure and absolute stereochem-
istry of (SC-RPRC)-3.

Figure 2. Molecular structure and absolute stereochem-
istry of (SC-SPSC)-3.
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The liberation of the optically active diphosphine
ligand from the corresponding resolved complexes was
carried out in two steps. As illustrated in Scheme 1, the
treatment of (SC-RPRC)-3 with concentrated hydrochloric
acid in acetone removed the naphthylamine ligand
chemoselectively. The dichloro complex (RPRC)-4 was
thus obtained as pale yellow plates in 94% isolated yield;
[R]D ) -63.4° (CH2Cl2). The 31P NMR spectrum of
(RPRC)-4 in CDCl3 exhibited a sharp singlet at δ 88.5
for the two stereochemically equivalent phosphorus
nuclei. Subsequent treatment of (RPRC)-4 in dichlo-
romethane with aqueous potassium cyanide liberated
the optically active diphosphine ligand (SPRC)-1 as a
white solid in 90% yield; [R]D ) +124.3° (C6H6), +165.8°
(EtOH). The 31P NMR spectrum of (SPRC)-1 in CDCl3
exhibited a sharp singlet at δ -25.7. The enantiomeric
ligand (RPSC)-1 was obtained similarly from (SC-SPSC)-3
via the intermediate dichloro complex (SPSC)-3. It is
noteworthy that the apparent inversion of configuration
that takes place at the phosphorus stereogenic centers
when the diphosphines are liberated from the metal is
merely a consequence of the Cahn-Ingold-Prelog (CIP)
sequence rule.12 Stereospecific displacement of the
resolved diphosphine ligand from the palladium resolv-
ing agent was confirmed by the quantitative reprepa-
ration of (SC-RPRC)-3 from liberated (SPRC)-1 and (SC)-
2: the 500 MHz 1H NMR spectrum of the crude product
indicated a pair of doublets at δ 58.07 and 74.62 (3JPP
) 31.4 Hz). Similarly, when liberated (RPSC)-1 was
recoordinated to (SC)-2, only signals due to (SC-SPSC)-3
were observed.

It is noteworthy that the configurational stabilities
of tertiary phosphines have been well-documented.6,7,13

In general, these stereogenic centers are readily race-
mized at elevated temperatures (Einv ) ca. 30 kcal
mol-1). Further, strikingly low barriers of inversions
have been frequently observed for phosphorus centers
that are located in pseudoaromatic phospholes. The
configurational stability of (RPSC)-1 was investigated by
heating a benzene solution of the optically active
diphosphine at 140 °C inside a sealed tube. After 48 h,

the optical rotation and the 202 MHz 31P NMR spectrum
of the solution remained unchanged. Furthermore, the
configurational stability was not affected by the change
of solvent: there was no change in the optical rotation
and 31P NMR spectrum of a polar ethanolic solution of
(RPSC)-1 which had been heated at 140 °C for 48 h.
Similar stability was observed when the optically active
diphosphine was heated at 140 °C for 48 h in propanol.
Undoubtedly, the air-sensitive diphosphine is configu-
rationally stable under ambient conditions. The stability
of 1 is similar to those reported for some nonconjugated
five-membered cyclic monophosphines.7 The high con-
figurational stabilities of these cyclic phosphines have
been attributed to the angle strain in the transition
states. Nevertheless, no studies on optically active
diphospholene have been reported previously.

Synthesis of (+)-[Au2(1)Cl2] ((RPRC)-5). Dinuclear

gold(I) complexes containing auriophilic Au‚‚‚Au inter-
actions are important in many aspects of organometallic
and structural chemistry.14 In connection with our
studies of biologically active chiral phosphine-gold(I)
complexes,15 we are interested in the coordination
chemistry of (()-1 on this soft d10 metal ion. While model
studies and the isolation of complexes 3 and 4 undoubt-
edly confirmed that the diphosphine ligand is sterically
suited to form bidentate metal chelates, it was unclear
if the bulky substituents on the heterocyclic phosphorus
donor atoms would hinder the ligand in forming a
dinuclear gold(I) complex. Unlike 1,2-bis(diphenylphos-
phino)ethane (dppe), which can use three rotatory single
bonds within the P-P linkage to adjust the steric
requirements for the accommodation of the Au‚‚‚Au
interaction in [Au2(dppe)Cl2],16 (()-1 contains only one
restricted rotatory 2,2′-single bond.

Interestingly, despite the above steric considerations,
the diphosphine ligand coordinated efficiently as a
bridging ligand to two gold centers. Thus, when (SPRC)-1
was treated with sodium tetrachloroaurate in the pres-
ence of thiodiglycol, the digold complex (RPRC)-5 was
obtained as pale yellow prisms in 74% yield; [R]D )
+105.4° (CH2Cl2). The 31P NMR spectrum of (RPRC)-5
in CDCl3 exhibited only one sharp singlet at δ 17.8, thus
indicating that the two phosphorus donors are stereo-
chemically equivalent. In the solid state, structural
characterization of (RPRC)-5 was carried out by single-
crystal X-ray diffraction (Figure 3). Selected bond

(12) Cahn, R. S.; Ingold, C. K.; Prelog, V. Angew. Chem., Int. Ed.
Engl. 1966, 5, 385.

(13) Mislow, K. Trans. N. Y. Acad. Sci. 1973, 35, 227.

(14) Schmidbaur, H. Chem. Soc. Rev. 1995, 24, 391. Bennett, M.
A.; Bhargava, S. K.; Hockless, D. C. R.; Welling, L. L.; Willis, A. C. J.
Am. Chem. Soc. 1996, 118, 10469. Fackler, J. P. Polyhedron 1997, 16,
1271. VanCalcar, P. M.; Olmstead, M. M.; Balch, A. L. Inorg. Chem.
1997, 36, 5231. Pyykko, P. Chem. Rev. 1997, 97, 597.

(15) Chooi, S. Y. M.; Leung, P. H.; Sim, K. Y.; Tan, K. S.; Kon, O. L.
Tetrahedron: Asymmetry 1994, 5, 49. Song, Y. C.; Vittal, J. J.;
Srinivasan, N.; Chan, S. H.; Leung, P. H. Tetrahedron: Asymmetry
1999, 10, 1433.

(16) Eggleston, D. S.; Chodosh, D. F.; Girard, G. R.; Hill, D. T. Inorg.
Chim. Acta 1985, 108, 221.

Table 1. Selected Bond Lengths (Å) and Angles
(deg) for the Diastereomeric Cationic Complexes

(SC-RPRC)-3 and (SC-SPSC)-3
(SC-SPSC)-3

(SC-RPRC)-3 molecule A molecule B

Pd-C(1) 2.061(3) 2.059(3) 2.071(4)
Pd-N(1) 2.142(2) 2.154(3) 2.164(4)
Pd-P(1) 2.345(1) 2.349(1) 2.327(1)
Pd-P(2) 2.232(1) 2.233(1) 2.231(1)
P(1)-C(15) 1.854(3) 1.856(4) 1.868(5)
P(1)-C(18) 1.830(3) 1.833(4) 1.842(4)
P(2)-C(21) 1.856(3) 1.853(4) 1.862(4)
P(2)-C(24) 1.823(3) 1.828(4) 1.830(4)
C(15)-C(21) 1.525(4) 1.528(6) 1.534(6)
C(1)-Pd-N(1) 79.9(1) 80.4(1) 80.2(2)
P(1)-Pd-N(1) 101.2(1) 102.0(1) 100.3(1)
P(1)-Pd-C(1) 171.5(1) 176.1(1) 177.7(1)
P(1)-Pd-P(2) 85.3(1) 85.4(1) 85.1(4)
P(2)-Pd-C(1) 94.2(1) 92.6(1) 94.5(1)
P(2)-Pd-N(1) 172.6(1) 170.0(1) 174.1(1)
C(15)-P(1)-C(18) 93.7(1) 94.3(2) 95.1(2)
C(21)-P(2)-C(24) 93.8(1) 94.3(2) 94.4(2)
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distances and angles of the gold complex are given in
Table 2. Similarly to [Au2(dppe)Cl2],16 the diphosphine
in (RPRC)-5 coordinates as a bridging ligand to two
Au-Cl moieties. The coordination geometries of both
gold atoms are linear, although there are slight de-
viations from 180° in the Cl-Au-P bond angles. The
P(1)-C(10)-C(11)-P(2) torsional angle is -65.5°, so
that the two linear Cl-Au-P moieties are projecting
into the space adjacent to the neighboring five-mem-
bered heterocyclic rings. Apparently, this is the only
orientation that minimizes the steric repulsions between
the phosphorus substituents and the Au-Cl atoms.
However, the distance between the two gold atoms
(3.150(1) Å) clearly indicates that there is an intramo-
lecular Au‚‚‚Au interaction in (RPRC)-5. Investigations
on the asymmetric synthesis of (()-1 and the biological
properties of the optically active gold(I) complex 5 are
currently in progress.

Experimental Section

Reactions involving air-sensitive compounds were performed
under a positive pressure of purified nitrogen. NMR spectra
were recorded at 25 °C on Bruker ACF 300 and AMX 500
spectrometers. Optical rotations were measured on the speci-
fied solution in a 1-dm cell at 25 °C with a Perkin-Elmer Model
341 polarimeter. Elemental analyses were performed by the
Elemental Analysis Laboratory of the Department of Chem-
istry at the National University of Singapore.

The racemic ligand was prepared according to a literature
method.9 The enantiomerically pure form of bis(µ-chloro)bis-
[(S)-1-[1-(dimethylamino)ethyl]-2-naphthalenyl-C,N]dipalladium-
(II) dichloromethane solvate was prepared as previously
described.17

Resolution of 1,1′-Diphenyl-3,3′,4,4′-tetramethyl-2,2′-
diphosphole-3,3′-diene ((()-1). Isolation of {(S)-1-[1-
(Dimethylamino)ethyl]naphthyl-C2,N}{(1R,1′R,2R,2′R)-

[1,1′-diphenyl-3,3′,4,4′-tetramethyl-2,2′-diphosphole-3,3′-
diene-P1,P1′}palladium(II) Perchlorate ((SC-RPRC)-3) and
Its 1S,1′S,2S,2′S Diastereomer (SC-SPSC)-3. A mixture of
(()-1 (1.97 g) and (SC)-2 (1.77 g) in dichloromethane (50 mL)
was stirred until all of the resolving agent had dissolved (ca.
0.5 h). The solution was evaporated to dryness, leaving a
yellow glass consisting of an equimolar mixture of (SC-RPRC)-3
and (SC-SPSC)-3 as their chloride salts. 31P NMR (CDCl3): δ
54.64 (d, 1 P, JPP ) 36.6 Hz, P1), 58.07 (d, 1 P, JPP ) 31.4 Hz,
P1), 74.62 (d, 1 P, JPP ) 31.4 Hz, P1′), 77.43 (d, 1 P, JPP ) 36.6
Hz, P1′). This mixture was taken up in dichloromethane (100
mL), and the solution was treated vigorously with silver
perchlorate (1.08 g) in water (10 mL) for 0.5 h. The resulting
mixture was filtered through a layer of Celite to remove silver
chloride, and the pale yellow organic layer was separated and
dried over anhydrous MgSO4. Removal of solvent left a pale
yellow glass. Pure (SC-RPRC)-3 was subsequently obtained from
dichloromethane-diethyl ether as pale yellow prisms: mp
210-212 °C dec; [R]D ) +83.0° (c 1.2, CH2Cl2); 1.38 g (82%
yield). Anal. Calcd for C38H44ClNO4P2Pd: C, 58.4; H, 5.7; N,
1.8. Found: C, 58.4; H, 5.6; N, 2.0. 31P NMR (CDCl3): δ 58.07
(d, 1 P, JPP ) 31.4 Hz, P1), 74.62 (d, 1 P, JPP ) 31.4 Hz, P1′).
1H NMR (CDCl3): δ 1.23 (s, 3H, CdCMe), 1.44 (s, 3H, CdCMe),
1.84 (s, 3H, CdCMe), 1.44 (s, 3H, CdCMe), 1.96 (d, 3H, 3JHH

) 6.4 Hz, CHMe), 2.66 (s, 3H, NMe), 2.96 (dd, 3H, 4JPH(trans) )
3.6 Hz, 4JPH(cis) ) 3.2 Hz, NMe), 3.23 (d, 1H, 2JPH ) 18.5 Hz,
H2), 3.42-3.50 (m, 1H, H2′), 3.61-3.72 (m, 4H, 2 × CH2), 4.56
(qn, 1H, 3JHH ) 4JPH ) 6.1 Hz, CHMe), 7.08-7.80 (m, 16H,
aromatics). The more soluble diastereomer (SC-SPSC)-3 crystal-
lized as pale yellow blocks from the concentrated mother
liquor: mp 208-212 °C dec; [R]D ) +25.7° (c 1.0, CH2Cl2); 1.40
g (83% yield). Anal. Calcd for C38H44ClNO4P2Pd: C, 58.4; H,
5.7; N, 1.8. Found: C, 58.2; H, 5.6; N, 2.0. 31P NMR (CDCl3):
δ 54.51 (d, 1 P, JPP ) 36.6 Hz, P1), 77.54 (d, 1 P, JPP ) 36.6
Hz, P1′). 1H NMR (CDCl3): δ 1.00 (s, 3H, CdCMe), 1.23 (s,
3H, CdCMe), 1.71 (d, 3H, 3JHH ) 6.4 Hz, CHMe), 1.84 (s, 6H,
2 × CdCMe), 2.73 (dd, 3H, 4JPH(trans) ) 4.0 Hz, 4JPH(cis) ) 3.2
Hz, NMe), 3.00 (s, 3H, NMe), 3.30-3.10 (m, 1H, H2), 3.14 (d,
1H, 2JPH ) 17.7 Hz, H2′), 3.48-3.74 (m, 4H, 2 × CH2), 4.52
(qn, 1H, 3JHH ) 4JPH ) 6.4 Hz, CHMe), 7.00-7.98 (m, 16H,
aromatics).

Dichloro{(1R,1′R,2R,2′R)-1,1′-diphenyl-3,3′,4,4′-tetra-
methyl-2,2′-diphosphole-3,3′-diene-P1,P1′}palladium(II)
((RPRC)-4). The naphthylamine auxiliary in (SC-RPRC)-3 was
removed chemoselectively by treating an acetone solution (5
mL) of the complex (0.56 g) with concentrated hydrochloric
acid (5 mL, 37%) for 0.5 h. The pale yellow microcrystals of
(RPRC)-4 precipitated out during this period. The product was
then filtered and recrystallized from ethyl acetate-hexane
as yellow plates: mp 200-202 °C dec; [R]D ) -63.4° (c 0.9,
CH2Cl2); 0.38 g (94% yield). Anal. Calcd for C24H28Cl2P2Pd: C,
52.0; H, 5.1. Found: C, 51.7; H, 5.0. 31P NMR (CDCl3): δ 88.50
(s, 2 P). 1H NMR (CDCl3): δ 1.15 (s, 6H, 2 × CdCMe), 1.75 (s,
6H, 2 × CdCMe), 3.21 (dd, 2H, 2JPH ) 12.9 Hz, 3JPH ) 17.7
Hz, H2 + H2′), 3.56-3.73 (m, 4H, 2 × CH2), 7.42-7.93 (m, 10H,
aromatics). The SPSC enantiomer was prepared from optically
pure (SC-SPSC)-3 under similar conditions.

(1S,1′S,2R,2′R)-1,1′-Diphenyl-3,3′,4,4′-tetramethyl-2,2′-
diphosphole-3,3′-diene ((SPRC)-1). A solution of (RPRC)-4
(0.83 g) in dichloromethane was stirred vigorously with a
saturated aqueous solution of potassium cyanide (1 g) for 30
min. The resulting colorless organic layer was separated,
washed with water, and then dried (MgSO4). Upon the removal
of solvent, a highly air-sensitive white solid was obtained: [R]D

) +124.3° (C6H6), +165.8° (EtOH); 0.51 g (90% yield). 31P NMR
(CDCl3): δ -25.70 (s, 2 P).

Dichloro{µ-(1R,1′R,2R,2′R)-1,1′-diphenyl-3,3′,4,4′-tet-
ramethyl-2,2′-diphosphole-3,3′-diene-P1,P1′}digold(I)((RPRC)-

(17) Allen, D. G.; McLaughlin, G. M.; Robertson, G. B.; Steffen, W.
L.; Salem, G.; Wild, S. B. Inorg. Chem. 1982, 21, 1007. Wild, S. B.
Coord. Chem. Rev. 1997, 166, 291.

Figure 3. Molecular structure and absolute stereochem-
istry of (RPRC)-5.

Table 2. Selected Bond Lengths (Å) and Angles
(deg) for (RPRC)-5

Au(1)-Au(2) 3.150(1) P(1)-C(7) 1.824(12)
Au(1)-P(1) 2.240(3) P(1)-C(10) 1.872(10)
Au(1)-Cl(1) 2.301(3) C(10)-C(11) 1.535(14)
Au(2)-P(2) 2.234(3) P(2)-C(11) 1.853(11)
Au(2)-Cl(2) 2.287(3) P(2)-C(14) 1.830(13)

Cl(1)-Au(1)-P(1) 178.3(1) P(2)-Au(2)-Au(1) 83.0(1)
Cl(2)-Au(2)-P(2) 176.4(1) C(7)-P(1)-C(10) 95.8(5)
Cl(1)-Au(1)-Au(2) 101.4(1) P(1)-C(10)-C(11) 117.0(7)
P(1)-Au(1)-Au(2) 79.8(1) C(10)-C(11)-P(2) 117.5(7)
Cl(2)-Au(2)-Au(1) 100.6(1) C(11)-P(2)-C(14) 95.4(5)
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5). Thiodiglycol (100 mg) was first added to a stirred aqueous
acetone (1:1, 4 mL) solution containing sodium tetrachloro-
aurate (158 mg).When the solution became colorless, a solution
of (SPRC)-1 (75 mg) was added. After 0.5 h, the reaction
mixture was concentrated, and the white precipitate was
filtered, washed with water, dried, and crystallized from
dichloromethane-diethyl ether as pale yellow prisms: mp
200-202 °C dec; [R]D ) +105.4° (c 0.7, CH2Cl2); 124 mg (74%
yield). Anal. Calcd for C24H28Au2Cl2P2: C, 34.2; H, 3.3.
Found: C, 34.0; H, 3.6. 31P NMR (CDCl3): δ 17.80 (s, 2 P). 1H
NMR (CDCl3): δ 1.35 (s, 6H, 2 × CdCMe), 1.93 (s, 6H, 2 ×
CdCMe), 2.84 (dd, 2H, 2JPH ) 4.6 Hz, 3JPH ) 18.9 Hz, H2 +

H2′), 3.78-3.95 (m, 4H, 2 × CH2), 7.45-7.75 (m, 10H, aromat-
ics).

Crystal Structure Determination of (SC-RPRC)-3, (SC-
SPSC)-3, and (RPRC)-5. Crystal data for all three complexes
and a summary of the crystallographic analyses are given in
Table 3. Diffraction data were collected on a Siemens SMART
CCD diffractometer with Mo KR radiation (graphite mono-
chromator) using ω-scans. The two diastereomeric palladium
complexes and the gold complex were solved by direct and
Patterson methods, respectively. SADABS absorption correc-
tions were applied, and refinements by full-matrix least
squares were based on SHELXL 93.18 All non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were introduced
at fixed distances from carbon atoms and were assigned fixed
thermal parameters. The absolute configurations of all com-
plexes were determined unambiguously by use of the Flack
parameter and, in the cases of (SC-RPRC)-3 and (SC-SPSC)-3,
by internal reference to the known naphthylamine center.

Acknowledgment. We are grateful to the National
University of Singapore for support of this research
(Grant No. RP 979905) and a research scholarship to
G.H.

Supporting Information Available: For (SC-RPRC)-3,
(SC-SPSC)-3, and (RPRC)-5 tables of crystal data and data
collection and solution and refinement details, 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.

OM990425Y

(18) Sheldrick, G. M. SHELXL 93, Program for Crystal Structure
Refinement; University of Göttingen: Göttingen, Germany, 1993.

Table 3. Crystallographic Data for (SC-RPRC)-3,
(SC-SPSC)-3, and (RPRC)-5

(SC-RPRC)-3 (SC-SPSC)-3 (RPRC)-5

formula C38H44ClNO4-
P2Pd

C38H44ClNO4-
P2Pd

C24H28Au2Cl2-
P2‚2H2O

fw 782.53 782.53 879.27
space group P21 P21 P212121
cryst syst monoclinic monoclinic orthohombic
a/Å 10.364(1) 11.094(1) 9.613(1)
b/Å 17.531(1) 18.519(1) 14.860(1)
c/Å 11.057(1) 18.503(1) 21.270(1)
V/Å3 1884.1(1) 3708.2(1) 3030.6(1)
Z 2 4 4
T/K 293 293 293
dcalcd/ g cm-3 1.379 1.402 1.922
λ/Å 0.710 73 0.710 73 0.710 73
µ/cm-1 6.87 6.98 99.44
F(000) 808 1616 1656
R1 (obsd data)a 0.0235 0.0303 0.0464
wR2 (obsd

data)b
0.0604 0.0764 0.1156

a R1 ) ∑||Fo| - |Fc||/∑|Fo|. b wR2 ) {∑[w(Fo
2 - Fc

2)2]/∑[w(Fo
2)2]}1/2,

w-1 ) σ2(Fo
2) + (aP)2 + bP.
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