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Stereoselective reaction
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of ( +)-7-Phenyldinaphtho[2,1-b;1',2'-d Jphosphole
with an optically active palladium complex.
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Abstract

Reaction of (1 )-7-phenyldinaphtho[2,1-b;1’,2’-dlphosphole (1) with one-half equivalent of an optically active palladium complex,
{Pd[(S)-C4H 4CH(CH 3)N(CH 3), Kp-CD}, ((S)-38), proceeded stereoselectively to give one of the diastereomers, Pd{(S)-
C¢H ,CH(CH ;)N(CH ), H(P)-PPh(C,,H ,)}C1 ((SX P)-4a), accompanying racemization of 1. The X-ray crystallographic analysis of
(SXP)-4a determined the absolute configuration of the coordinated phosphole unequivocally to be P. The fluxional behavior of 4a

and the related complex is also discussed.
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1. Introduction

In 1992, we briefly reported the synthesis and prop-
erties of 7-phenyldinaphtho{2,1-b;1',2’-dJphosphole (1),
which is a new monodentate chiral phosphine having a
“helical chirality” [1]. Recently, Australian and Italian
chemists have reported similar results independently
[2]. We have also reported detailed X-ray structural
studies of 1 and showed that spontaneous resolution
occurred during the crystallization of 1 [3]. The value
of the barrier for racemization, caused by passing
through one of the peri hydrogens, H, and H,;
(AG*(-20°C) = 59.4 kJ mol ! estimated from temper-
ature-dependent 1*C NMR {1] or AG¥(—19°C) =56 + 1
kJ mol~! estimated from temperature-dependent 'H
NMR [2)), is too low to achieve optical resolution of 1
at room temperature. The assumption that the value is
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due to the racemization barrier and not to the pyrami-
dal inversion at the phosphorus atom was confirmed
because 7-oxo-7-phenyldinaphtho[2,1-b;1’,2’-d Jphos-
phole (2), in which the pyramidal inversion at the
phosphorus atom is impossible, showed a similar value
of the racemization barrier, AG*(—20°C)=759.4 kJ
mol~?, obtained from temperature-dependent 3C
NMR spectra [1].

In this paper we describe the stereoselective reac-
tion of (4)-1 with the optically active palladium com-
plex, {Pd[(S)-C¢H ,CH(CH ;)N(CH ;), (n-CD}, ((S)-3a),
to give Pd{(5)-C¢H ,CH(CH ;)N(CH ;),H{(P)-PPh(C ;-
H;,)ICl ((SXP)-4a). We also describe the X-ray struc-
tural analysis of the palladium complex (SX P)-4a and
its fluxional behavior detected by temperature-depen-
dent 'H NMR spectra, and compare the fluxional
behavior with that of Pd{C,H ,CH ,N(CH ,), {PPh(C ;-
H,,)}Cl (4b) which was obtained from the reaction of 1
with an analogous, but achiral, palladium complex {Pd-
[C¢H ,CH,N(CH ), (p.-CD}, (3b).
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2. Results and discussion

2.1. Reaction of Pd complexes 3 with phosphole 1

We have previously reported the stereoselective re-
action of (S)-3a and the analogous naphthylamine
complex with racemic tertiary phosphines, and their
use as resolving agents for chiral monodentate phos-
phines [4]. The same complex 3a has also been re-
ported to be a useful chiral auxiliary for optical resolu-
tion of BINAP (2,2'-bis(diphenylphosphino)-1,1'-bi-
naphthyl) [5] and other chiral biphosphines [6]. Thus
the stereochemical interaction of chiral palladium com-
plexes with the new type of chiral phosphine is of
interest, and we have carried out the reaction of the
optically active complex 3a with phosphole 1. Reaction
of (+)-1 with one-half equivalent of (§)-3a in benzene,
and subsequent recrystallization of the reaction prod-

TABLE 1. Crys'tal parameters and }experimental data for X-ray
diffraction of Pd{(S)-CH ,CH(CH 3;)N(CH,),H(P)-PPh(C,,H,)}Cl
(4a)

Crysta data

C,4H 3, CINPPd D, =1.4311) mgm~?3

M, = 636.5 Cu K« radiation (40 kV, 160 mA)
Monoclinic A=154178 A

P2, Cell parameters from

a=13.165(3) A
b=13.457(2) A

25 reflections
26 =29.07-32.88°

c=8519(D) A 4= 6.88 mm1
B =106.38(1)F T =286(1 K
V = 1448.0(4) A3 0.16X0.06 X 0.16 mm>
Z=2 Triangle prism
D,=1492Mgm™3 Orange

. ' F(000) = 664

Data collection

Rigaku AFC-5R 3840 observed reflections
20 - w scans [8.00(F,) < F,),0.05<sin 8 /A
(0.90+0.15 tan )°: scan width  26,,,,, = 120.0°
40 deg min!:scanrate (w) h=—14-+14
Absorption correction: k=—-15->+15
empirical [8] [=0-+9

3 standard reflections
monitored every 200
reflections

Intensity variation:
no significant

Tin = 1.000, T, = 1.242
4545 measured reflections
4272 independent reflections
Rgm (on F}=10.011

Refinement
Refinement on F
Final R =0.0242

(Ap),,,, =098e A3
(Ap)yn=—092e A3

wR =0.0312 (A /0) pax = 0.0015 (for Pd: x)
§=0.814 Atomic scattering factors

3840 reflections from International Tables
484 parameters for X-ray Crystallography

All H atoms refined (1974, Vol. 1V, Table 2.2b)
w=1/02(F)

uct from acetone, gave the 1:1 phosphole-coordinated
complex (SX P)-4a as yellow crystals, m.p. 171-173°C
(decomp.), in good yield (80%). X-Ray crystallographic
analysis of the complex (SX P)-4a determined the abso-
lute configuration of the coordinated phosphole un-
equivocally to be P (vide infra). Although there is a
possibility that the phosphole-coordinated palladium
complex obtained from the reaction is a diastereomeric
mixture, the complex 4a is considered to be homoge-
neous and of a single optical isomer for the following
reasons: the complex has a fairly sharp decomposition
point at 171-173°C; various samples from different
parts of the crystal showed identical IR spectra taken
as Nujol mulls. Thus stereoselective coordination of
the (P)-phosphole to the palladium center, accompany-
ing racemization of the (+)-phosphole, has occurred.
The palladium complex (SXP)-4a showed tempera-
ture-dependent 'H NMR spectra. The fluxional behav-
ior of the palladium complex was compared with that
of an analogous phosphole-coordinated complex 4b,
obtained as yellow crystals in moderate yield from the
reaction of phosphole 1 with an achiral palladium
complex 3b.
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2.2. X-Ray crystal structure of (S)(P)-4a

Compound (SX P)-4a crystallizes in the enantiomor-
phous monoclinic space group P2, (Table 1). The
molecular structure, a stereoview of the molecule and a
stereoview of the unit cell are illustrated in Figs. 1, 2
and 3 respectively [7]. Table 2 describes the fractional
coordinates for non-hydrogen atoms. Table 3 lists se-
lected bond distances and angles in the molecule. The
absolute configuration of the coordinated phosphole
ligand in the complex 4a was determined unequivocally
to be P based on the known absolute configuration of
(—XS)-N,N-dimethyl-a-phenethylamine used for the
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Fig. 1. Molecular structure of (SXP)-4a showing the atom number-
ing scheme.

preparation of complex 3a. The coordination geometry
around the Pd atom is a distorted square plane. The
phosphole ligand coordinates trans to the nitrogen
atom, while the chloro ligand is opposite the coordi-
nated carbon atom of the ortho-metallated pheneth-
ylamine ligand. There is significant deviation of the
palladium complex from a planar geometry as shown in
Table 4 which gives dihedral angles between selected

Fig. 2. Stereoscopic drawing of the molecule of (S} P)-4a.

planes. The geometry of the coordinaied phosphole is
similar to that of the non-coordinated molecule [3].
Although the five-membered ring of the phosphole and
each benzene ring in the binaphthyl moiety are essen-
tially planar, both naphthyl rings are bent away signifi-
cantly from each other. The fused aromatic rings are
bent at the C(11)-C(20), C(14)-C(19), C(21)-C(30)
and C(22)-C(27) bonds. These distortions result in
dihedral angles of 24.1(2)° between the mean planes of
the inner pair of rings (pl 7 and pl 9) and 41.3(3)
between the mean planes of the outer rings (pl 6 and pl
8), which become slightly larger on coordination; the
corresponding values in the free ligand are 18.7(2)° and
38.2(2)° respectively (Table 4). The contact distance
between the peri hydrogens, H(18) and H(23), is 2.36(8)
A which is only 0.03 A longer than that found in the
non-coordinated phosphole. From the molecular geom-
etry of 4a itself the reason for the selective formation
of only one diastereomer is not clear. However, from
closer examination of the crystal packing of the
molecule in the unit cell (Fig. 3), it may be seen that
the (SX P)-isomer is preferred to the (SX M )-isomer.

2.3. Fluxional behavior of the Pd complexes 4

The palladium complex 4a is expected to be present
as a pair of diastereomers, (SX P/M)-4a, in solution.
'H NMR of 4a in CDCl, exhibits temperature-depen-
dent spectra. At 30°C, the spectrum shows broad sig-
nals for the aliphatic region, but at lower temperature
the spectra are resolved. At —50°C, the CMe and
benzylic CH protons appear as two sets of signals: two
doublets at § 1.46 and 1.73 for the CMe protons and
two broad multiplets at § 3.41 and 4.01 for the CH
proton. The signal ratio in each set is about 2.9:7.1.
The NMe protons also appear as two sets of signals:
each is composed of two singlets in a ratio of about
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29:7.1 at 6 2.38 and 242 and at 6 2.72 and 2.64
respectively. At 35°C these signals coalesce, and at
60°C they change to a doublet at & 1.64 (J = 6.4 Hz)
for CMe, two slightly broad signais at & 2.57 and 2.61
for NMe, and a single broad signal at 6 3.68 for CH.
The two NMe groups of complex 4a are non-equivalent
even at high temperature and the upper field signal
appears as a poorly resolved doublet (J = 2Hz) due to
the coupling with the trans-coordinated phosphole.
The variable-temperature 'H NMR spectra for CH
and NMe, of 4a are given in Fig. 4a. At first glance
these signal changes can be considered to be due to
equilibration between the two diastereomers, (S X P)-4a
and (SXM)-4a, via racemization of the coordinated
phosphole ligand. An analogous palladium complex 4b,
derived from the achiral palladium complex 3b and 1,
also showed very similar temperature-dependent 'H
NMR spectra (Fig. 4b). At 60°C, the NMe, and ben-
zylic CH, protons appear as singlets at § 2.83 and 4.06
respectively. At approximately 23°C these signals coa-
lesce, and at lower temperatures split into two sets of
signals despite the absence of diastereomers for 4b. At
—50°C, two singlet signals at 6 2.70 and 2.97 for NMe,
protons and a doublet of doublets centered at § 3.73
(J=13.6 Hz and Jpy = 3.4 Hz) and a doublet at é 4.47
(J =13.6 Hz) for benzylic CH, protons are observed;
only one of the methylene protons shows coupling with
the trans phosphorus atom. In this case, however, the
signal ratio is 1:1. These observations suggest that the
temperature-dependent spectra are due to an analo-
gous process, namely equilibration between rotational
isomers around the Pd-P bond and not to the presence
of diastereomers. Although the aromatic region of the
'H NMR spectrum of 4a at low temperature also
indicates the presence of diastereomers, the spectrum
could not be analyzed easily due to the complexity. In

complex 4a inequivalent amounts of the rotamers re-
sulted from the presence of the chiral amine ligand.
The dissociation of the N-coordination of the amine
ligand is not piausibie, because two differeni N-methyi
groups are present even at high temperature for 4a.
Dissociation of the phosphole is also not possible be-
cause a small P-H coupling between one of the N-
methyl groups and the phosphole can be recognized at
60°C. The activation energies of the rotational barrier
were estimated to be AG¥(22.5°C) = 59.8 kJ mol ! for
4b and AG};,, (25°C)=64.4 kJ mol™' and AGE,,
(25°C) = 65.7 kJ mol~! for 4a from the variable 'H
NMR data of the N-methyl protons by the tempera-
ture coalescence method [9].

3. Experimental details

'H NMR spectra were obtained at 270.05 MHz
using a JEOL GSX-270 spectrometer or at 500.0 MHz
using a JEOL GX-500 spectrometer. Chemical shifts
are reported with respect to the solvent (CDCl;, &
7.26). 3C NMR spectra were obtained at 67.80 MHz
using a JEOL GSX-270 spectrometer or at 125.65 MHz
using a JEOL GX-500 spectrometer. The spectra were
recorded using CDCl; as both a lock and solvent
unless otherwise specified. Chemical shifts are re-
ported with respect to the solvent (CDCl;, 8 76.9). 3P
NMR spectra were obtained at 109.25 MHz using a
JEOL GSX-270 spectrometer. Chemical shifts are re-
ported using 85% H;PO, as an external standard. IR
spectra were obtained on a Hitachi 295 IR spectropho-
tometer. UV spectra were recorded on a Shimadzu
UV-visible recording spectrophotometer (UV-265FS).
Flash chromatography was performed on silica gel
(Merck 9385). Thin-layer chromatography was per-
formed on E. Merck precoated silica gel plates (60F-

Fig. 3. Stereoscopic drawing of the unit cell of (SXP)-4a.
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isotropic thermal parameters (x10%) for Pd{(S)-C4H ,CH(CH ,)N-
(CH ), (P)-PPh(CH ,))Cl (4a)

Atom  x y z 1/ (A?)e
Pd 7958.6(2) 2500.0 4104.0(3) 400(1)
Cl 8993(1) 1124(1) 5403(2) 763(8)
P 6711(1) 1455(1) 2613(1) 349(5)
N 9283(3) 3491(4) 4847(7) 676(25)
a1 7218(3) 3800(3) 3412(5) 410(20)
) 6185(3) 4049%(4) 3323(5) 429(21)
c® 5846(4) 5041(4) 3118(6) 528(28)
c4) 6531(5) 5774(4) 2946(7) 651(29)
5) 7556(5) 5535(4) 3054(8) 69%(33)
(e () 7916(4) 4565(3) 3302(7) 54424)
an 9045(4) 4292(4) 3550(9) 715(32)
Cc@® 9249(6) 3967(7) 1983(12) 1001(52)
C) 9293(6) 3940(6) 6443(11) 856(42)
(e ¢li)} 10344(4) 3041(7) 5047(17) 976(54)
a(11) 6223(3) 351(3) 3421(5) 350(19)
12) 6847(4) -~ 426(3) 4304(5) 440(22)
q13) 6378(4) —1280(3) 4580(5) 482(22)
c(14) 5297(4) —1430(3) 3887(5) 435(20)
c(15) 4813(4) —2373(4) 402%(6) 568(26)
c(16) 3800(4) —2555(5) 3247(6) 674Q27)
can 3198(5) —1852(4) 2202(8) 589(30)
C(18) 3597(4) -925(3) 2030(6) 480(23)
c(19) 4652(3) -6753) 2943(5) 394(19)
C20) 5126(3) 280(3) 282%(5) 350(19)
C(21) 4631(3) 1186(3) 1968(5) 346(18)
C(22) 3562(3) 1512(3) 159%(5) 396(19)
C(23) 2817(3) 1150(3) 2395(6) 471(22)
2 179%4) 1487(4) 197%(8) 638(28)
C(25) 1462(4) 2204(4) 745(9) 747(33)
C(26) 2160(3) 2595(5) 1(7) 627(25)
c@2n 3235(3) 2306(3) 460(5) 443(21)
C(28) 3988(4) 2802(3) —143(5) 453(21)
(29) 5041(3) 2604(4) 450(4) 396(18)
C(30) 5365(3) 1803(3) 1530(5) 351(18)
C(31) 7267(3) 920(3) 1056(5) 380(18)
C(32) 6618(3) 338(3) —196) 484(23)
C(33) 7020(4) -72(4) —1362(D 574Q27)
C34) 8048(4) 106(4) —-13527) 629(30)
o@3s) 8685(5) 684(5) —144(8) 710(33)
(36) 8303(4) 1082(4) 1053(8) 610(28)

2 Anisotropically refined atoms as given in the isotropic equivalent
thermal parameters, defined as U, = $X,L,;U;;4,*a;*(a;a)).

245). Solvents were distilled under Ar from appropri-
ate drying agents prior to use. Racemic 2,2’-dibromo-
1,1-binaphthyl and butyllithium were a generous gift
from Takasago Research Institute Co. Ltd. and Nippon
Alkylaluminum Co. Ltd. respectively. p-Dichlorobis
[ N,N-dimethylbenzylamine-2C, N ldipalladium (3b) [10]
and p-dichlorobis[(S)-N,N-dimethyl-a-phenethyl-
amine-2C,N |dipalladium ((S)-3a) [4] were prepared
according to the literature. Other chemicals were of
reagent grade.

TABLE 3. Selected bond distances (A) and angles () for P{(S)-
CgH ,CH(CH ;)N(CH ,),X(P)-PPh(C,,H,)}C] (4a)

Pd-Cl 2.378(2) Pd-P 2.261(1)
Pd-N 2.143(6) Pd-((1) 2.009(5)
P-C(1D) 1.828(4) P-C(30) 1.814(4)
P-C(31) 1.833(4) H@18)---H(23) 2.36(8)
Bond angles

Cl-Pd-P 90.40(6) Cl-Pd-N 92.0(2)
Cl-Pd-C(1) 168.%(1) P-Pd-N 162.6(2)
P-Pd-C(1) 99.3(1) N-Pd-C(1) 80.3(2)
Pd-P-C(11) 124.8(1) Pd-P-C(30) 125.2(1)
Pd-P-C(31) 106.(1) Pd-N-C(7) 104.2(5)
Pd-N-C(9) 108.7(5) Pd-N-C(10) 116.1(7)
Pd-C(1)-C(2) 128.0(4) Pd-C(1)-C(6) 112.8(3)
Pd-C(1)-C(D 80.5(2) C(11)-P-C(30) 90.2(2)
CAD-P-C31)  102.0(2) C(30)-P-C(31) 105.4(2)
P-Q(11)-C(12) 126.2(2) P-C(11)-C(20) 111.0(3)
P-CO(30)-C(21) 111.1(3) P-C(30)-C(29) 127.2(3)
P-C(31)-C(32) 119.1(2)

3.1. 7-Phenyldinaphtho(2,1-b;1',2’-d[phosphole (1)

To a cooled solution (—78°C) of 2,2'-dibromo-1,1'"-
binaphthyl (0.63 g, 1.5 mmol) in 10 mil of dry tetrahy-
drofuran (THF) was added butyllithium (3.7 ml of 1.35
M in hexane, 5.0 mmol) dropwise over 5 min. The
reaction mixture was stirred for 2 h at this tempera-
ture, and a yellowish green slurry was obtained. The
cooling bath was removed and the temperature was
allowed to warm to room temperature. Evaporation of
the solvents in vacuo gave a yellowish green solid
residue, which was washed with hexane (10 ml) in
order to remove excess butyllithium. THF (10 ml) was
added to the solid residue, and the mixture was cooled
in a dry-ice acetone bath. A solution of dichlorophenyl-
phosphine (0.24 g, 1.3 mmol) in THF (10 ml) was
added dropwise over 10 min to the yellowish green

TABLE 4. Dihedral angles (°) of least-squares planes?® with
estimated standard deviations in parentheses for Pd{($)-
CGH4CH(CH3)N(CH3)2}{(P)'PP])(C20H12)}Cl (4a) and (P)-
P(C,0H,XCsHy) (1) [3)

Plane 4a 1 Plane 4a 1

pl1-pl2 160.8(2) pl 6-pl 7 872 12202
pl2-pl3  24.0(Q) pl 8-pl9 1052)  9.6(1)
pl3-pld 4171 pl 6-pl 8 2412 18.72)
pl1-pl5  37.099) pl 7-pl9 4133) 38202
pld-pls 144.9(1) pl5-pl10  90.8(2) 92.92)
pl5-pl6 12020 6679 pla-pll0  106.5(2) :
pl5-pl8  124(1) 12039) pl1l-pl12  324(1) 28.%1)

2 The least-squares planes of 4a are as follows. pl 1: Pd, Cl, P; pl 2:
Pd, N, C(1); pl 3: C(1)-C(6); pl 4: P, Cl, N, C(1); pl 5: P, C(11), C20),
Q(21), C(30); pl 6: C(11)-C(14), C(19), C(20); pl 7: C(14)-C(19); pl 8:
C(21), C(22), C27D-C(30); pl 9: C(22)-C(27); pl 10: C(31)-C(36); pl
11: C(11)-C20); pl 12: C21)-C(30).
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ppm

48 a2 as a2z 20 28 26

Fig. 4. Temperature-dependent 'H NMR spectra (270.05 MHz): (a)
for NMe, and CH protons of (SXP)-4a; (b) for NMe, and CH,
protons of 4b. In CDCl,.

suspension and the mixture was stirred for 1 h at this
temperature. The initial yellowish green slurry changed
to a yellow slurry and then to a yellow solution when
the reaction mixture was allowed to warm to room
temperature. The solution was stirred overnight (12 h),
the solvent was removed under reduced pressure and
the solid residue was extracted with benzene. The
benzene extract was condensed to approximately 5 ml
and purified by column chromatography (silica gel,
benzene under Ar). The first running band was col-
lected and recrystallized from ethanol to give the phos-
phole as pale yellow crystals (0.29 g, 60%), m.p. 157.5—
159.0°C. Anal. Calc. for C,H,,P: C, 86.65; H, 4.75.
Found: C, 85.90; H, 4.93. HRMS (EI). Calc. for
C,H,,P: [M*] m/z 360.1068. Found: 360.1056. 'H
NMR (500 MHz, CDCl;, 35°C): & 7.17-7.32 (m, 5H,
Ph), 747 (t, 2H, H,, H,,), 7.52 (t, 2H, H,, H,,), 1.77
(m, 2H, H,, Hy), 7.84 (d, 2H, Hy, H,), 7.93 (d, 7=8.0
Hz, 2H, H,, H,,), 8.46 (d, J=8.0 Hz, 2H, H,, H}3).
BC{'H} NMR (125.65 MHz, CDCl,, 35°C): & 124.64
(C-7, C-7" of Np), 125.85 (C-6, C-6’ of Np), 126.36 (br

d, Jpc = 22.4 Hz, C-3, C-3' of Np), 127.55 (C-8, C-8’ of
Np), 128.14 (d, Jp:= 9.5 Hz, C-4, C-4’ of Np), 128.49
(C-5, C-5' of Np), 128.77 (m-Ph), 129.67 (p-Ph), 129.90,
13345 (br d, Jpc=19.9 Hz, o-Ph), 134.49, 134.73,
140.89, 142.73. (—50°C): & 124.62 (C-7 or C-7' of Np),
124.70 (C-7' or C-7). *'P{'H} NMR (109.25 MHz,
CDCl,, 35°C): & —8.34 (s). IR (KBr tablet, cm™'):
3050(s), 2950(m), 1960(w), 1820(w), 1760(w), 1610(w),
1580(m), 1560(w), 1505(s), 1480(s), 1450(m), 1440(s),
1260(w), 1230(s), 1310(w), 1260(s), 1210(m), 1185(w),
1145(s), 1090(s), 1030(s), 1000(s), 960(s), 875(m), 860(s),
850(m), 810(s), 770(s), 745(s), 695(s), 655(s), 625(s),
610(m), 540(s), 515(s), 465(s), 425(w), 400(s). UV
(CHCl3) Ap,, nm (log €): 358.0 (4.1), 287.4sh (4.2),
275.6 (4.5), 230.2 (4.9).

3.2. 7-Oxo-7-phenyldinaphtho(2,1-b;1',2'-d]phosphole
(2)

To a solution of phosphole 1 (0.39 g, 1.1 mmol) in
acetone (20 ml) was added 30% hydrogen peroxide (10
ml) dropwise under ice cooling and the reaction mix-
ture was stirred overnight at room temperature. After
concentration, water (70 ml) was added and the result-
ing pale yellow precipitate was collected, washed sev-
eral times with water and dried in air. The crude
products were purified by column chromatography
(silica gel, ethyl acetate~CH,Cl, (1:1)). Successive re-
crystallization from ethyl acetate gave 2 as yellow crys-
tals (0.25 g, 62% vyield), m.p. 263.2-264.2°C. Anal.
Calc. for C,H;PO: C, 82.97; H, 4.55. Found: C,
82.89; H, 5.10. 'H NMR (500 MHz, CDCl,, 35°C): &
7.34 (dt, 2H, H,, Hp), 7.46 (dt, 1H, p-Ph), 7.54 (t, 2H,
H,, H,), 7.60-7.66 (m, 4H, H,, H,,, o-Ph), 7.83 (dd,
2H, Hg, Hy), 7.97 (br d, 4H, H,, H,y, Hs, Hy), 8.22 (d,
J=8.1Hz, 2H, H,, H;). >C {'H} NMR (125.65 MHz,
CDCl,, 35°C): 8 12422 (d, Jpc = 10 Hz, C-3, C-3' of
Np), 125.64 (C-7, C-7’ of Np), 127.47 (C-6, C-6' of
Np), 127.85 (C-8, C-8’ of Np), 128.62 (d, Jpc = 12.2 Hz,
m-Ph), 128.62 (C-5, C-5’ of Np), 130.39 (br, C-4, C-4’
of Np), 130.28 (d, Jpc = 102.9 Hz, ipso-Ph), 130.89 (d,
Jpc = 10.8 Hz, 0-Ph), 132.04 (d, J = 3 Hz, p-Ph), 137.15
(d, Jpc = 1.5 Hz, C-4a, C-4a’), 141.64 (br, C-1, C-1' of
Np). (=50°C): & 125.70 (C-7 or C-7' of Np), 125.82
(C-7" or C-7 of Np). IR (KBr tablet, cm~!): 3000(br
w), 1437(m), 1335(m), 1258(w), 1205(s), 1192(sh s),
1153(s), 1110(m), 1020(w), 880(m), 860(m), 820(s),
780(w), 752(s), 720(s), 695(m), 656(s), 618(m), 561(m),
530(s), 485(m), 402(w). UV (CHCl;) A, nm (log )
387 (3.7), 351 (3.6), 337 (3.5), 284 (4.4), 257 (4.5), 249
(4.5), 231 (4.9).

3.3. Pd{C4H,CH,N(CH,),}{PPh(C,,H,,)}Cl (4b)
A mixture of p-dichlorobis[ N,N-dimethylbenzyl-
amine-2C, N ldipalladium (3b) (0.12 g, 0.22 mmol) and
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the dinaphthophosphole 1 (0.16 g, 0.44 mmol) was
dissolved in 10 ml of dichloromethane and the result-
ing solution was stirred overnight at room temperature.
The solvent was removed under reduced pressure to
give a yellow powder. Recrystallization of the yellow
powder from acetone gave the pure complex 4b as
yellow crystals containing two moles of solvated ace-
tone (0.19 g, 58%), m.p. 209.5°C (decomp.). Anal. Calc.
for C,sH,,CINPPd-2C,H,O: C, 65.43; H, 5.49; N,
1.86; Cl, 4.71. Found: C, 65.64; H, 5.52; N, 2.00; CI,
4.76. 'TH NMR (270 MHz, CDCl,, 25°C): & 2.18 (s,
acetone), 2.80 (br s, NMe,), 3.80 (br, CH,), 4.34 (br,
CH,), 6.35-8.40 (m, arom.); (—50°C): & 2.70 (s, NMe),
2.97 (s, NMe), 3.73 (dd, Jygy; = 13.6 Hz, Jpy = 3.5 Hz,
CH,), 4.47(d, J = 13.6 Hz, CH,), 6.35-8.48 (m, arom.);
(60°C): & 2.83 (s, NMe,), 4.06 (s, CH,), 6.30-8.40 (m,
arom.). *'P{(*H} NMR (202.35 MHz, CDCl;, 30°C): &
37.46 (s); (—50°C): 38.48 (s). IR (CsI tablet, cm™!):
3040(br m), 2875(br m), 1730(br m), 1610(w), 1580(s),
1500(w), 1450(s), 1433(s), 1400(w), 1358(w), 1330(s),
1300(s), 1290(w), 1262(sh w), 1255(m), 1210(w), 1170(sh
w), 1150(m), 1092(m), 1047(w), 1020(s), 992(s), 970(m),
912(w), 861(s), 841(s), 820(s), 778(w), 750(sh s), 736(s),
701(m), 689(m), 650(s), 630(m), 580(w), 532(s), 487(m),
470(w), 452(m), 431(w), 401(w), 390(w), 285(m).

3.4. Pd{(S)-C,H,CH(CH;)N(CH,),}{(P)-PPh(C,,
H,)}ClL ((S)(P)-4a)

A solution of (+)-7-phenyldinaphtho[2,1-b;1',2"-
dlphosphole (0.12 g, 0.34 mmol) in benzene (3 ml) was
added dropwise to a stirred solution of p-dichlorobis
[($)-N,N-dimethyl-a-phenethylamine-2C, N ]ldipalladium
((5)-3a) (0.10 g, 0.17 mmol) in benzene (3 ml) and the
resulting yellow solution was stirred at room tempera-
ture for several hours. On evaporation of the solvent in
vacuo a yellow solid was obtained. Recrystallization of
the crude solid from acetone gave the pure product as
yellow crystals (0.18 g, 80%), m.p. 171-173°C (decomp.).
Anal. Calc. for C;H;;,CINPPd: C, 66.47; H, 4.80; N,
2.15; Cl, 5.45. Found: C, 66.50; H, 4.82; N, 2.12; (],
5.45. 'H NMR (270 MHz, CDCl,, 30°C): & 1.62 (br s,
CMe, 2.58 (br s, NMe,), 3.56 and 3.90 (br, CHMe),
6.14-8.22 (m, arom.); (—50°C): & 1.46 (br d, J=7.2
Hz, CMe minor), 1.73 (br d, J= 7.2 Hz, C Me major),
2.38 (br s, NMe minor), 2.42 (br s, NMe major), 2.64
(br s, NMe major), 2.72 (br s, NMe minor), 3.41 (br q,
CH, major), 4.01 (br, CH, minor), 5.90-8.40 (m, arom.);
(60°C): 6 1.64 (d, J=6.4 Hz, CMe), 257 (br d, J =23
Hz, NMe), 2.61 (s, NMe), 3.68 (br, CH), 6.13-8.23 (m,
arom.). *'P{*"H} NMR (109.25 MHz, CDCl,, 35°C): &
31.74 (br s, minor), 33.27 (br s, major); (55°C): § 32.37
(s). IR (Nujol, cm™1): 3070(m), 3050(m), 1715(m),
1580(s), 1380(s), 1330(s), 1255(m), 1210(m), 1090(s),

1010(s), 940(s), 870(m), 820(s), 750(s), 730(s), 685(s),
655(s), 630(s), 530(s), 480(s), 425(m), 405(m), 380(m),
290(w). UV (dioxane) A,,,, nm (log €): 380 (4.06), 350
(4.21), 338 (4.10), 290 (4.58), 266 (4.80), 252 (4.86), 228
(5.16).

3.5. Crystal structure determination of Pd{(S)-C4H ,CH-
(CH,)N(CH,),}{(P)-PPh(C,,H,,)}C! ((S)(P)-4a)

Yellow crystals were grown from an acetone solu-
tion. A suitable crystal for X-ray analysis was fixed on
the end of a glass fiber with cyanoacrylate adhesives.
The crystal data and the conditions used for the data
collection are summarized in Table 1. The positional
parameters for non-hydrogen atoms were determined
using direct methods (MuLTAN 78 [11]) from 2227 reflec-
tions (k > 0). The number of reflections used in the
refinements was 3840; —14<h<+14, —-15<k <
+15,0<l< +9,800(F,) <F, and 0.05 < sind/A. All
H atoms were located in the difference Fourier map.
The absolute configuration of the C(7) atom of the
amine ligand was determined to be § based on the
known chirality of (- )XS)-N,N-dimethylphenethyla-
mine [12]. The refinements of the atomic parameters
were carried out by full-matrix techniques (aNYBLK
[13]). Least-squares calculations were carried out by
allowing all non-hydrogen and hydrogen atoms to re-
fine anisotropically and isotropically respectively; in
addition, the anomalous dispersion terms for Pd, P and
Cl were introduced [14]. The above configuration re-
fined to R =0.0242, wR = 0.0312. The calculation was
also made for the opposite configuration; this model
refined to R = 0.0630 and wR = 0.0927. The difference
in the agreement indices also confirmed the absolute
configuration. The largest peak in the finalo difference
Fourier synthesis is approximately 0.96 e A3 and is
located near the Pd atom (1.02 A). All calculations
were carried out on an NEC ACOS 930S computer at
the Research Center for Protein Engineering, Institute
for Protein Research, Osaka University. The fractional
parameters are given in Table 2 and selected bond
distances and angles are listed in Table 3. Further
crystallographic details (fractional coordinates and
isotropic thermal parameters of H atoms, anisotropic
thermal parameters, complete interatomic distances
and angles, details of computation of dihedral angles
between the least-squares planes and structure factors)
have been deposited with the Cambridge Crystallo-
graphic Data Centre.
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