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The new chiral ligands 2-butyl-8-chloro-1-(4,8-di-tert-butyl- the C–Cl bond of ligand 3 across the rhodium(I) centers. The
rhodium(III) complex 5, incorporating the enantiomers SaRC-2,10-dimethoxy-5,7-dioxa-6-phosphadibenzo[a,c]cyclo-

hepten-6-yl)-1,2-dihydroquinoline (BIPHENPHOSHQUIN, 3) and 2- 3 and RaSC-3, has been fully characterized by X-ray
diffractometry. Reactions of [Pd(PhCN)2Cl2] with the ligandsbutyl-8-chloro-1-(3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-a9]-

dinaphthalen-4-yl)-1,2-dihydroquinoline (BINAPHOSHQUIN, 4; 3 and 4a in 1:2 molar ratio in toluene afforded the products
cis-[Pd(3)2Cl2] (9) and cis-[Pd(4a)2Cl2] (10). Similarly, reaction4a: SaRC, 4b: SaSC) have been synthesized starting from the

rigid backbone of 8-chloroquinoline. The reactions of 3 and of [Pt(COD)I2] with 4a in a 1:2 molar ratio afforded the
complex cis-[Pt(4a)2I2] (11). An X-ray analysis has been4 with rhodium(I), palladium(II), and platinum(II) substrates

are reported. The reaction of 3 with [Rh(CO)2Cl]2 in a 2:1 carried out to obtain information on the effect of the ligand
4a on the overall structure of 11.molar ratio in hexane afforded a binuclear chloro-bridged

rhodium(III) species by intramolecular oxidative addition of

series. Recently, [6] phosphoramidite ligands have been usedIntroduction
in homogeneous catalysis. Several metal complexes incorpo-

Recently, much attention has been focused on the devel- rating ligands based on quinolines, such as 8-(dimethylph-
opment of chiral ligand-modified catalysts for application osphanyl)quinoline, 8-(dimethylarsanyl)quinoline, 8-(di-
in asymmetric synthesis. [1] Attempts have been made to cor- phenylphosphanyl)quinoline, 8-(diphenylarsanyl)quinoline,
relate structural and electronic characteristics of the coordi- bis(6-methylquinolin-8-yl)phenylarsane, tris(6-methylquino-
nated ligands with the catalytic activities of the resulting lin-8-yl)phenylarsane, (R)- and (S)-methylphenyl(8-quino-
metal complexes. The structural features of the ligands, lyl)phosphane, and (R)- and (S)-methylphenyl(8-quinolyl)-
such as the “natural bite angle”, [2] the rigidity, and the pres- arsane, have previously been reported.[7] Application of li-
ence of bulky substituents, drastically influence the chemo- gands 3 and 4 in copper-catalyzed enantioselective Michael
and regioselectivity of the catalytic process. [3] Recent contri- addition will soon be reported. [8]

butions[4] have shown that diphosphites or a mixed phos-
phane/phosphite containing a chiral bridging moiety are ef-
ficient ligands in the rhodium-catalyzed asymmetric hydro- Results and Discussion
formylation of olefinic substrates. Several mono- and biden-

Synthesis of the Ligandstate phosphane ligands have been prepared starting from
molecules with rigid polyaromatic backbones. [5] Their abili-

Reaction of 8-chloroquinoline with nBuLi[9] in a 1:1 mo-ties in determining unusual geometries when coordinated to
lar ratio in tetrahydrofuran at 278°C involves addition ofa metal center are of great interest.
the butyl group to the carbon atom in the 2-position andThe present work stems from our interest in developing
lithiation of the nitrogen atom. Consequently, the ring con-large chiral mono- and bidentate ligands starting from the
taining the nitrogen atom loses its aromaticity and the car-rigid backbone of quinolines, and to study the properties
bon atom in the 2-position becomes a stereogenic center.of their d8-metal complexes, particularly in homogeneous
Addition of an excess of neat PCl3 to the THF solution ofcatalysis. We report here the synthesis of large chiral mon-
anion 1 affords, after removal of the unreacted PCl3 underodentate phosphoramidites, and of their rhodium(III), pal-
reduced pressure, compound 2 (Scheme 1). Subsequentladium(II), and platinum(II) complexes, together with the
treatment of a solution of 2 in toluene at 0°C with equimo-X-ray structures of some representative compounds of this
lar amounts of 3,39-di-tert-butyl-2,29-dihydroxy-5,59-di-
methoxybiphenyl and NEt3 affords the ligand 2-butyl-8-

[a] Dipartimento di Chimica Inorganica, Chimica Analitica, Chi- chloro-1-(4,8-di-tert-butyl-2,10-dimethoxy-5,7-dioxa-6-mica Fisica, Università di Messina,
phosphadibenzo[a,c]cyclohepten-6-yl)-1,2-dihydroquinolineSalita Sperone, 31, Vill. S. Agata, I-98166 Messina, Italy

[b] Dipartimento di Chimica Generale ed Inorganica, Chimica (, 3) (Scheme 1).
Analitica, Chimica Fisica, Centro di Studio per la Strutturistica Compound 3 was also obtained by treating 4,8-di-tert-bu-Diffrattometrica del C.N.R., Università di Parma,
Viale delle Scienze, 78, I-43110 Parma, Italy tyl-6-chloro-2,10-dimethoxy-5,7-dioxa-6-phosphadibenzo-
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the anion 1 an excess (70:30) of the (SaSC) diastereoisomer
was obtained. The (SaRC) and (SaSC) diastereoisomers (4a
and 4b, respectively) could be separated as white solids by
virtue of their different solubilities in hexane and were
characterized by microanalysis and spectroscopic data. By
comparison with the structure of cis-[Pt(4a)2I2] (11) (see be-
low), it can be inferred that the diastereomer exhibiting a
31P{1H}-NMR resonance at δ 5 137.6 has the absolute
configuration (SaRC).

Syntheses of the Complexes

We treated the ligands 3 and 4 with rhodium(I), pal-
ladium(II), and platinum(II) precursors. Addition of a hex-
ane solution of ligand 3 to [Rh(CO)2Cl]2 in the same sol-
vent in a 2:1 molar ratio afforded a yellow solid, which was
recrystallized from CH2Cl2/hexane. The air-stable product
5 proved to be non-conducting in benzene solution and its
structure was fully elucidated by an X-ray analysis of crys-

Scheme 1. (i) thf, 278°C, BuLi; (ii) thf, 278°C, PCl3; (iii) thf, tals of its hexane solvate (see below).
278°C, 4,8-di-tert-butyl-6-chloro-2,10-dimethoxy-5,7-dioxa-6-
phosphadibenzo[a,c]cycloheptene; (iv) thf, 278°C, (S)-4-chloro-
3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-a9]dinaphthalene; (v) to-
luene, 0°C, Et3N, 3,39-di-tert-butyl-2,29-dihydroxy-5,59-dimethoxy-
biphenyl; (vi) toluene, 0°C, Et3N, (S)-2,29-dihydroxybinaphthyl

[a,c]cycloheptene with the anion 1 in THF solution. Be-
cause of the atropoisomerism of the biphenyl moiety and
the presence of a stereogenic carbon atom, compound 3
may be obtained as a racemic mixture of two diastereoiso-
mers [(SaRC), (RaSC), (SaSC), and (RaRC)]. The 31P{1H}-
NMR spectra in CD2Cl2 solution at 293 K and 193 K show
a singlet at δ 5 141.1 and are consistent with either the The IR spectrum (Nujol mull) of 5 shows a ν(CO) band

at 2112 cm21, consistent with an oxidative process on thepresence of only one of the two possible enantiomeric pairs,
or with rapid atropoisomerization of the biphenyl moiety starting rhodium(I) center. It is noteworthy that the 1H-

NMR spectrum in CDCl3 solution features two signals withon the NMR time scale. In some cases, 31P{1H}-NMR
spectroscopy does not allow a distinction of species present very different shifts (δ 5 1.75 and 1.08) due to the tert-

butyl groups; a slight difference in the methoxy group res-in solution. [10] In the 1H-NMR spectrum in CDCl3, the
tert-butyl groups display two different chemical shifts due onances is also observed (δ 5 3.86 and 3.87). The 31P{1H}-

NMR spectrum in CDCl3 solution shows a single reson-to their diastereotopicity.
The ligand 2-butyl-8-chloro-1-(3,5-dioxa-4-phospha- ance at δ 5 127.7 (JRhP 5 197 Hz).

In the crystals of 5 · 2 C6H14, dimeric rhodium(III) com-cyclohepta[2,1-a;3,4-a9]dinaphthalen-4-yl)-1,2-dihydro-
quinoline (, 4) was similarly obtained either plexes, having an imposed Ci symmetry, are present, to-

gether with disordered molecules of hexane. A view of theby addition of the enantiomer (Sa)-(2)-2,29-dihydroxy-1,19-
binaphthyl in toluene to a solution of 2 in the same solvent, dimer showing the atomic numbering system is presented

in Figure 1. Selected bond lengths and angles are given inor by addition of (S)-4-chloro-3,5-dioxa-4-phosphacyclo-
hepta[2,1-a;3,4-a9]dinaphthalene in THF to a solution of Table 1. Two Cl atoms bridge the two rhodium atoms in an

asymmetric manner.the anion 1 in the same solvent (Scheme 1). An improved
procedure[4a] was utilized for the synthesis of (S)-4-chloro- The metal has an octahedral coordination sphere, involv-

ing three Cl atoms (two bridging and one terminal), a car-3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-a9]dinaphthalene
(see Experimental Section). Compound 4 was found to be bonyl group, and the P1 and C3 atoms of the chelating

ligand, derived from oxidative addition of 3. The five-mem-moisture-sensitive and was obtained as a mixture of the two
diastereoisomers [(SaRC)and (SaSC)]. Thus, the 31P{1H}- bered Rh2P12N12C22C3 chelating ring is approximately

planar. The Rh2Cl2 bond length, 2.328(4) Å, is muchNMR spectrum in CDCl3 solution shows two peaks at δ 5
137.6 and 145.1, while in the 1H-NMR spectrum two sets shorter than those involving the bridging Cl1 and Cl19

atoms, which amount to 2.454(4) and 2.536(4) Å. In accord-of signals are seen. The synthesis method had an effect on
the diastereoisomer ratio. Starting from 2, the diastereoiso- ance with the trans influence, the Rh2Cl1 bond length (Cl1

trans to P1) is shorter than the Rh2Cl19 bond length (Cl19mers were formed in a 50:50 ratio, whereas starting from
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Figure 1. ORTEP view of the structure of complex 5 showing the atomic numbering scheme; thermal ellipsoids are drawn at a 30%
probability level

Table 1. Selected bond lengths [Å] and angles [°] in 5 · 2 C6H14; of the fragment derived from the quinoline approximately
symmetry transformation used to generate equivalent atoms: 2x bisects the O2P2O angle. The chiral C10 atom lies out of
1 1, 2y 1 1, 2z 1 1

the plane formed by the other five atoms of the ring by
0.44(2) Å. The n-butyl groups are situated in axial positionsBond lengths
so as to minimize steric repulsion with the biphenyl moiety
and thus determine the configuration [(SaRC) and (RaSC)]Rh(1)2C(1) 1.89(2) O(2)2C(11) 1.43(2)

Rh(1)2C(3) 2.02(2) O(3)2C(18) 1.45(2) of the atropoisomeric unit in complex 5. The torsion angle,
Rh(1)2P(1) 2.206(4) O(4)2C(14) 1.37(2) determining the axial chirality of the ligandRh(1)2Cl(2) 2.328(4) O(4)2C(31) 1.43(2)
Rh(1)2Cl(1) 2.454(4) O(5)2C(21) 1.39(2) [τ(C112C162C172C18)], is 55(2)°. The nitrogen atom
Rh(1)2Cl(19) 2.536(4) O(5)2C(32) 1.45(2) shows a remarkable degree of sp2 character.
P(1)2O(2) 1.59(1) N(1)2C(2) 1.45(2)
P(1)2O(3) 1.60(1) N(1)2C(10) 1.50(2) The packing of the complexes in the crystal leads to the
P(1)2N(1) 1.64(1) C(9)2C(10) 1.52(2) formation of large channels that extend along the b axis,O(1)2C(1) 1.11(2) C(16)2C(17) 1.47(2)

into which hexane molecules can insert in a disordered fa-
shion (Figure 2).Bond angles

It seems very likely that the formation of 5 occurs via an
C(1)2Rh(1)2C(3) 90.8(7) N(1)2P(1)2Rh(1) 105.4(5) intermediate rhodium(I) species. In this way, an intramol-
C(1)2Rh(1)2P(1) 95.2(6) C(11)2O(2)2P(1) 129.9(9) ecular redox process, due to the addition of the C2Cl bondC(3)2Rh(1)2P(1) 82.0(5) C(18)2O(3)2P(1) 117.0(9)

of the coordinated ligand 3 across the rhodium(I) center,C(1)2Rh(1)2Cl(2) 174.8(5) C(14)2O(4)2C(31) 121(1)
C(3)2Rh(1)2Cl(2) 86.3(5) C(21)2O(5)2C(32) 117(1) can account for the formation of the product 5. The break-
P(1)2Rh(1)2Cl(2) 88.6(2) C(2)2N(1)2C(10) 121(1) ing of the C(aromatic)2Cl bond may be induced by theC(1)2Rh(1)2Cl(1) 86.5(6) C(2)2N(1)2P(1) 114(1)

rigidity and steric requirements of 3, which fix the chlorineC(3)2Rh(1)2Cl(1) 96.1(5) C(10)2N(1)2P(1) 125(1)
P(1)2Rh(1)2Cl(1) 177.4(2) Rh(1)2Cl(1)2Rh(19) 96.4(1) atom in the proximity of the metal center in the rho-
Cl(2)2Rh(1)2Cl(1) 89.5(2) O(1)2C(1)2Rh(1) 175(2)

dium(I) intermediate.C(1)2Rh(1)2Cl(19) 86.1(5) C(8)2C(9)2C(10) 122(2)
C(3)2Rh(1)2Cl(19) 176.9(5) N(1)2C(10)2C(9) 108(1) Nozaki et al., [4a] using phosphane/phosphite ligands de-
P(1)2Rh(1)2Cl(19) 98.3(1) N(1)2C(10)2C(1A) 111(1) rived from reaction of optically active (R)-2-(diphenylphos-Cl(2)2Rh(1)2Cl(19) 96.8(1) C(9)2C(10)2C(1A) 111(1)

phanyl)-1,19-binaphthalen-29-ol with the phosphorochlorid-Cl(1)2Rh(1)2Cl(19) 83.6(1) C(15)2C(16)2C(11) 117(1)
O(2)2P(1)2O(3) 105.5(5) C(15)2C(16)2C(17) 117(1) ite of biphenol in the rhodium(I)-catalyzed hydrofor-
O(2)2P(1)2N(1) 102.1(6) C(11)2C(16)2C(17) 125(1) mylation of olefins, found that a single species is present inO(3)2P(1)2N(1) 111.3(6) C(18)2C(17)2C(22) 118(1)

solution and they proposed that the biphenyl is fixed in anO(2)2P(1)2Rh(1) 122.1(4) C(18)2C(17)2C(16) 123(2)
O(3)2P(1)2Rh(1) 110.0(4) C(22)2C(17)2C(16) 119(1) (S) configuration. Analogously, the phosphane/phosphite

ligand prepared starting from racemic 2-diphenylphos-
phanyl-29-hydroxybiphenyl by reaction with the phosphoro-
chloridite of (R)-binaphthol was obtained as a 55:45 equi-trans to C3). As a result of the chelation, the mean plane
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5.15 and a doublet at δ 5 6.28 (3J 5 10.2 Hz) due to the
olefinic protons, while a multiplet at δ 5 3.24 can be as-
signed to the proton on the stereogenic carbon atom.

Figure 2. Projection of the structure of 5 · 2 C6H14 along the b axis
showing the channels into which the hexane molecules are inserted
in a disordered manner

librium mixture of two diastereomers. Interconversion be-
tween the diastereomers seems to be inhibited by coordi-
nation to the rhodium(I) center and in the resulting The reaction of [Rh(CO)2Cl]2 with 4b in hexane gave only

the rhodium(I) species, i.e. [Rh(CO)(4b)Cl]2 (8) with thecompound the ligand adopts only one configuration. [4a]

Other examples of the fixation of biphenyl rings following ν(CO) appearing at low wavenumbers. With this dia-
stereoisomer, the intramolecular redox process of additioncoordination to a metal center, using biphenol-derived bis-

(phosphites), have been reported in the literature. [11] Fix- of the C2Cl bond across the rhodium(I) center seems to
be hindered.ation of the biphenyl rings also occurs in compound 5 due

to the presence of the substituents and the rigidity of the Binuclear chloro-bridged compounds, such as 7 and 8,
have been detected previously by NMR spectroscopy.[12] Inchelate quinoline ring.

The reaction of [Rh(CO)2Cl]2 with 4 proceeds differently the reactions with [Rh(CO)2Cl]2, the rigidity and steric re-
quirements of the ligands 3, 4a, and 4b might be a factorto that with 3. Addition of a twofold molar excess of dia-

stereomer 4a (SaRC) in hexane to a solution of determining the nature of the reaction products. Thus, in
reactions of [Rh(CO)2Cl]2 with sterically hindered ligand[Rh(CO)2Cl]2 in the same solvent afforded a yellow solid.

The IR spectrum shows ν(CO) bands at 2106 and molecules, a CO substitution reaction might be preferred to
cleavage of the chloro bridges. The C2Cl bond in haloar-2012 cm21, indicating the presence of the rhodium(III)

species 6 as the major product, together with the rho- enes is rather inert. Unlike alkyl halides, haloarenes exhibit
low reactivities toward nucleophiles. [13] The use of rho-dium(I) species 7 (ratio 10:1.5). The 31P{1H}-NMR spec-

trum of the mixture in CDCl3 solution features a resonance dium(I) complexes in catalytic transformations of chloroar-
enes is limited to a few examples of C2Cl bond hydro-at δ 5 134.8 (JRPh 5 192 Hz) for the major product 6, to-

gether with a resonance at δ 5 135.0 (JRhP 5 191 Hz) of genolysis. [13] Intramolecular activation of the C2Cl bonds
in [Rh(CO)(3)Cl]2, 7 and 8, requires a proximity of thevery low intensity. The similar values of the 31P chemical

shifts for 6 and 7 are consistent with structures in which the chlorine atom to the metal center. The diastereoisomers 4a
and 4b behave differently in the intermediate, most probablyligands trans to 4a are the same. Assuming that 6 has a

structure analogous to that of 5, it is very likely that 7 has because with the (SaSC) diastereomer 4b, the C2Cl bond is
positioned away from the rhodium(I) center.a binuclear structure with chloro bridges, i.e.

[Rh(CO)(4a)Cl]2. A similar intermediate, [Rh(CO)(3)Cl]2, Overnight stirring of [Pd(PhCN)2Cl2] and ligand 3 in a
1:2 molar ratio in toluene led to a bright-yellow solution.should be formed in the reaction of [Rh(CO)2Cl]2 with 3.

Compound 6 was obtained in an analytically pure state by Workup of the reaction mixture furnished the product
[Pd(3)2Cl2] (9) as a yellow solid, which was found to beseveral crystallizations from benzene/hexane. The 1H-NMR

spectrum of 6 in CDCl3 solution shows a multiplet at δ 5 stable in air in the solid state and soluble in dichlorometh-
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ane. In this case, in contrast to the situation in the rho-
dium(I) complex 5, the ligand 3 acts as a monodentate li-
gand. Compound 9 was characterized by microanalysis and
spectroscopic data. The 31P{1H}-NMR spectrum in
CD2Cl2 solution shows two partially overlapped singlets at
δ 5 134.1 and δ 5 134.2, with an intensity ratio of ca. 1:0.7.
This supports the presence of only two diastereomers, i.e.
[Pd(RC-3)(RC-3)Cl2] {[Pd(SC-3)(SC-3)Cl2]} and [Pd(SC-
3)(RC-3)Cl2], assuming that the rapid atropoisomerism of
the biphenyl moiety is still possible. In the 1H-NMR spec-
trum in CD2Cl2 solution, at either 298 K or 193 K, only

9.4 Hz). The proton at the stereogenic center appears as aone set of signals is observed, hence there is no discrimi-
multiplet at δ 5 3.95. The appearance of two ν(PdCl) bandsnation between the two diastereomers. The tert-butyl
at about 335 and 300 cm21 in the IR spectrum (Nujol mull)groups give rise to singlets with markedly different chemical
is indicative of a cis configuration for 9 and 10.shift values (δ 5 0.95 and 1.61), whereas only a slight differ-

ence is seen in the δ values of the methoxy groups (δ 5 3.78
and 3.84).

The reaction of [Pd(PhCN)2Cl2] with ligand 4a in a 1:2
molar ratio proceeded similarly and the complex
[Pd(4a)2Cl2] (10) was obtained in high yield as a yellow
solid. The product was found to be stable in air in the solid
state and soluble in benzene, acetone, and chlorinated sol-
vents. Its 31P{1H}-NMR spectrum in CDCl3 shows a single
peak at δ 5 117.5. In the 1H-NMR spectrum in CDCl3, the
olefinic protons give rise to a double-doublet at δ 5 4.50
(3J 5 5.4 Hz, 3J 5 9.4 Hz) and a doublet at δ 5 6.40 (3J 5

Figure 3. ORTEP view of the structure of complex 11 showing the atomic numbering scheme; thermal ellipsoids are drawn at a 30%
probability level
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Similarly, reaction of [Pt(COD)I2] with 4a in a 1:2 molar A view of complex 11 showing the atomic numbering sys-

tem is depicted in Figure 3. Selected bond lengths andratio afforded cis-[Pt(4a)2Cl2] (11) as a yellow crystalline
solid. The compound was characterized by microanalysis angles are given in Table 2. The Pt atom has a distorted

square-planar coordination sphere involving two iodineand spectroscopic data. The effect of the coordinated ligand
4a on the overall structure of 11 was assessed by X-ray atoms and the P atoms of two 4a ligands.

The cis arrangement of these very bulky ligands leads toanalysis.
a remarkable distortion of the coordination geometry. The
two P atoms deviate above and below the mean square
plane by about 0.20(1) Å. The absolute configuration of
both ligands is (SaRC). The two binaphthyl fragments reside
on opposite sides with respect to the coordination plane,
and the torsion angles determining the axial chirality
[τ(C142C232C242C25) and τ(C472C562C582C57)] are
48(2)° and 254(2)°, respectively. In contrast to the nitrogen
atoms in ligand 3 in complex 5, the nitrogen atoms of the
coordinated ligand 4a in complex 11 show a remarkable
degree of sp3 hybridization, such that these atoms can be
considered as chiral centers. In both ligands, the nitrogen
atoms are of (S) configuration. In accordance with the ob-

Table 2. Selected bond lengths [Å] and angles [°] in 11
served structure, the 31P{1H}-NMR spectrum shows a sin-
gle resonance at δ 5 94.5 (JPtP 5 5296 Hz), while the 1H-Bond lengths
NMR spectrum in CDCl3 solution features a double-doub-
let at δ 5 4.36 and a doublet at δ 5 6.20 due to the vinylicPt(1)2P(2) 2.229(4) O(2)2C(25) 1.42(2)

Pt(1)2P(1) 2.235(3) O(3)2C(47) 1.43(1) protons, and a multiplet at δ 5 4.05 attributable to the pro-
Pt(1)2I(1) 2.655(1) O(4)2C(57) 1.44(2) ton at the stereogenic center.Pt(1)2I(2) 2.670(1) N(1)2C(1) 1.47(2)
P(1)2O(1) 1.584(9) N(1)2C(9) 1.55(2) Surprisingly the compound [Pt(COD)I2] does not react
P(1)2O(2) 1.586(9) N(2)2C(34) 1.42(2) with 3 in solution, even if an excess of the ligand is used.
P(1)2N(1) 1.66(1) N(2)2C(42) 1.51(2)

Most probably, the presence of OMe and tBu substituentsP(2)2O(4) 1.59(1) Cl(1)2C(2) 1.70(2)
P(2)2O(3) 1.613(9) Cl(2)2C(35) 1.77(2) on the biphenyl ring of the ligand 3 prevents the formation
P(2)2N(2) 1.67(1) C(23)2C(24) 1.49(2) of a cis square-planar platinum(II) complex.O(1)2C(14) 1.45(1) C(56)2C(58) 1.49(2)

Bond angles Experimental Section
P(2)2Pt(1)2P(1) 98.1(1) C(10)2C(9)2C(8) 109(1) The compounds 3,39-di-tert-butyl-2,29-dihydroxy-5,59-dimeth-
P(2)2Pt(1)2I(1) 172.1(1) C(10)2C(9)2N(1) 110(1) oxybiphenyl and 4,8-di-tert-butyl-6-chloro-2,10-dimethoxy-5,7-di-
P(1)2Pt(1)2I(1) 87.86(9) C(23)2C(14)2C(15) 124.8(12) oxa-6-phosphadibenzo[a,c]cycloheptene were prepared accordingP(2)2Pt(1)2I(2) 86.8(1) C(23)2C(14)2O(1) 119.3(12)

to literature procedures.[5a,14] 8-Chloroquinoline was purchasedP(1)2Pt(1)2I(2) 172.56(9) C(15)2C(14)2O(1) 115.5(12)
I(1)2Pt(1)2I(2) 87.80(4) C(14)2C(23)2C(22) 116.3(13) from Tokyo Kasei Organic Chemicals, whereas all other reagents
O(1)2P(1)2O(2) 102.5(5) C(14)2C(23)2C(24) 120.3(11) were purchased from Sigma/Aldrich and were used as supplied.
O(1)2P(1)2N(1) 98.1(5) C(22)2C(23)2C(24) 123.1(12) Solvents were dried by standard procedures. All experiments wereO(2)2P(1)2N(1) 108.5(6) C(25)2C(24)2C(33) 117.8(13)

performed under purified nitrogen. 2 IR spectra were obtainedO(1)2P(1)2Pt(1) 118.2(3) C(25)2C(24)2C(23) 120.7(12)
O(2)2P(1)2Pt(1) 108.2(3) C(33)2C(24)2C(23) 121.5(13) from Nujol mulls on KBr plates using a Perkin2Elmer FT-IR 1720
N(1)2P(1)2Pt(1) 119.8(4) C(24)2C(25)2O(2) 120.3(12) spectrophotometer. 2 1H- and 31P{1H}-NMR spectra were re-
O(4)2P(2)2O(3) 104.0(5) C(24)2C(25)2C(26) 123.5(13) corded with a Bruker AMX R300 instrument. 1H-NMR spectraO(4)2P(2)2N(2) 101.3(6) O(2)2C(25)2C(26) 116.2(12)

are referenced to internal tetramethylsilane and 31P{1H}-NMRO(3)2P(2)2N(2) 106.8(6) C(35)2C(34)2N(2) 125.5(15)
O(4)2P(2)2Pt(1) 115.8(4) C(35)2C(34)2C(39) 116.8(16) spectra to external 85% H3PO4; positive chemical shifts for all nu-
O(3)2P(2)2Pt(1) 109.6(4) N(2)2C(34)2C(39) 117.5(15) clei refer to higher frequencies. 2 Elemental analyses were per-
N(2)2P(2)2Pt(1) 118.2(5) C(41)2C(42)2N(2) 110.6(18) formed by Redox s.n.c., Cologno Monzese, Milano.C(14)2O(1)2P(1) 115.8(8) C(41)2C(42)2C(43) 116.6(17)
C(25)2O(2)2P(1) 123.7(8) N(2)2C(42)2C(43) 103.1(17) 2-Butyl-8-chloro-N-(dichlorophosphanyl)-1,2-dihydroquinoline (2):
C(47)2O(3)2P(2) 120.3(8) C(56)2C(47)2O(3) 122.4(14) To a solution of 8-chloroquinoline (1.00 g, 6.1 mmol) in tetrahydro-C(57)2O(4)2P(2) 114.2(9) C(56)2C(47)2C(48) 124.1(13)

furan (20 mL) at 278°C, 3.9 mL of a 1.6  hexane solution of n-C(1)2N(1)2C(9) 115(1) O(3)2C(47)2C(48) 113.5(13)
C(1)2N(1)2P(1) 121.2(9) C(47)2C(56)2C(55) 117.9(14) butyllithium was added dropwise. The reaction mixture was al-
C(9)2N(1)2P(1) 112(1) C(47)2C(56)2C(58) 118.6(13) lowed to warm to 250°C, stirred for 1 h, then cooled to 278°C
C(34)2N(2)2C(42) 112(1) C(55)2C(56)2C(58) 123.5(13) once more. Excess PCl3 (8.37 g, 61.1 mmol) was then rapidly addedC(34)2N(2)2P(2) 127(1) C(58)2C(57)2C(66) 123.7(16)

to the lithium reagent. The reaction mixture was slowly allowed toC(42)2N(2)2P(2) 111.0(9) C(58)2C(57)2O(4) 121.4(13)
C(2)2C(1)2C(6) 120(2) C(66)2C(57)2O(4) 114.9(15) warm to room temperature and then stirred for 2 h. After removal
C(2)2C(1)2N(1) 126(1) C(57)2C(58)2C(59) 117.7(15) of the solvents and the excess PCl3, the residue was extracted with
C(6)2C(1)2N(1) 115(2) C(57)2C(58)2C(56) 119.8(14) toluene (40 mL). Evaporation of the solvent from the combinedC(8)2C(9)2N(1) 111(1) C(59)2C(58)2C(56) 122.4(14)

extracts afforded the product as a pale-yellow oil, which was used
without further purification. Yield: 1.47 g (75%). 2 1H NMR
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(CDCl3): δ 5 6.94 (d, 3J 5 6.0 Hz, 1 H, Ar-H), 6.56 (m, 2 H, Ar- (m, 6 H, CH2), 0.61 (t, 3J 5 7.2 Hz, 3 H). 2 31P{1H} NMR

(CDCl3): δ 5 137.6 (s). 2 C33H27ClNO2P (536.01): calcd. C 73.95,H), 6.05 (d, 3J 5 9.6 Hz, 1 H, CH5CH), 5.80 (dd, 3J 5 9.6 Hz,
3J 5 5.6 Hz, 1 H, CH5CH), 4.68 (m, 1 H, CH), 1.3821.13 (m, 6 H 5.08, N 2.61, Cl 6.61; found C 73.75, H 5.02, N 2.71, Cl 6.45.

2 The compound less soluble in hexane (0.75 g, 40%) proved to beH, CH2), 0.82 (t, 3J 5 7.2 Hz, CH3). 2 31P{1H} NMR (CDCl3):
δ 5 160.7 (s). the (SaSC) diastereomer 4b. 2 1H NMR (CDCl3): δ 5 7.9627.89

(m, 3 H, Ar-H), 7.65 (m, 1 H, Ar-H), 7.4527.26 (m, 9 H, Ar-H),
(S)-4-Chloro-3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-a9]dinaph- 7.2827.26 (m, 2 H, Ar-H), 6.36 (d, 3J 5 9.3 Hz, 1 H, CH5CH),
thalene: A suspension of (S)-2,29-dihydroxybinaphthyl (1.00 g, 5.92 (dd, 3J 5 9.3 Hz, 3J 5 5.6 Hz, 1 H, CH5CH), 3.72 (m, 1 H,
3.5 mmol) and 1-methyl-2-pyrrolidone (0.001 g, 0.01 mmol) in PCl3 CH), 1.5221.22 (m, 6 H, CH2), 0.72 (t, 3J 5 7.2 Hz, 3 H, CH3).
(7.21 g, 52.5 mmol) was warmed to 75°C and then stirred for 5

2 31P{1H} NMR (CDCl3): δ 5 145.1 (s). 2 C33H27ClNO2P
min. After this time, a clear solution was obtained. The bulk of the (536.01): calcd. C 73.95, H 5.08, Cl 6.61, N 2.61; found C 73.78,
excess PCl3 was removed under reduced pressure and then the final H 5.07, Cl 6.55, N 2.63. 2 Method B: In analogy to Method B for
traces were removed by azeotropic distillation with toluene (10 mL) the preparation of compound 3, compound 4 was synthesized from
in vacuo. A white solid corresponding to the title compound was 8-chloroquinoline (0.3 g, 0.18 mmol), nBuLi (1.6  in hexane, 0.56
obtained. mL), and (S)-4-chloro-3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-

a9]dinaphthalene (0.643 g, 0.18 mmol). In this case, the dia-2-Butyl-8-chloro-1-(4,8-di-tert-butyl-2,10-dimethoxy-5,7-dioxa-6-
stereomeric ratio was 70:30, with the (SaSC) diastereomer constitut-phosphadibenzo[a,c]cyclohepten-6-yl)-1,2-dihydroquinoline (3). 2
ing the major product.Method A: A solution of 3,39-di-tert-butyl-2,29-dihydroxy-5,59-di-

methoxybiphenyl (1.11 g, 3.1 mmol) and Et3N (1.57 g, 15.5 mmol) [Rh(CO)(P2C)Cl2]2 [P2C 5 2-Butyl-1-(4,8-di-tert-butyl-2,10-di-
in toluene (10 mL) was added dropwise over a period of 1 h to a methoxy-5,7-dioxa-6-phosphadibenzo[a,c]cyclohepten-6-yl)-1,2-
solution of 2 (1.00 g, 3.1 mmol) in the same solvent (20 mL) at dihydro-8-quinolyl] (5): A solution of 3 (0.317 g, 0.52 mmol) in hex-
0°C. The mixture was stirred at room temp. for 40 min and then ane (15 mL) was added to a stirred solution of [Rh(CO)2Cl]2the precipitate of Et3N · HCl formed was removed by filtration. (0.100 g, 0.26 mmol) in the same solvent (15 mL) at room temp. A
The toluene was evaporated from the filtrate and the residue was yellow precipitate was deposited during the course of the addition.
extracted with hexane (50 mL). Removal of the solvent from the This solid was collected, washed with petroleum ether, and dried.
combined extracts afforded 3 (1.69 g, 90%) as a white foam. 2 1H Yield 0.382 g (95%). 2 IR (KBr, Nujol): ν(CO) 5 2112 cm21. 2
NMR (CDCl3): δ 5 7.34 (d, 4J 5 3.0 Hz, 1 H, Ar-H), 7.23 (d, 4J 5 1H NMR (CDCl3): δ 5 7.19 (d, 4J 5 2.9 Hz, 1 H, Ar-H), 6.97 (d,
3.0 Hz, 1 H, Ar-H), 6.89 (d, 4J 5 3.0 Hz, 1 H, Ar-H), 6.86 (d, 4J 5 4J 5 2.9 Hz, 1 H, Ar-H), 6.72 (m, 3 H, Ar-H), 6.68 (d, 4J 5 2.9 Hz,
3.0 Hz, 1 H, Ar-H), 6.75 (m, 3 H, Ar-H), 6.33 (d, 3J 5 9.5 Hz, 1 1 H, Ar-H), 6.62 (d, 4J 5 2.9 Hz, 1 H, Ar-H), 6.19 (d, 3J 5 9.6 Hz,
H, CH5CH), 5.83 (dd, 3J 5 9.5 Hz, 3J 5 5.7 Hz, 1 H, CH5CH), 1 H, CH5CH), 5.33 (br. dd, 1 H, CH5CH), 3.87 (s, 3 H, OCH3),
4.48 (m, 1 H, CH), 3.49 (s, 3 H, OCH3), 3.47 (s, 3 H, OCH3), 1.83 3.86 (s, 3 H, OCH3), 3.60 (br. m, 1 H, CH), 1.75 [s, 9 H, C(CH3)3],
[s, 9 H, C(CH3)3], 1.45 [s, 9 H, C(CH3)3], 1.5621.53 (m, 2 H, CH2), 1.08 [s, 9 H, C(CH3)3], 1.8220.86 (m, 6 H, CH2), 0.71 (t, 3J 5
1.2421.12 (m, 4 H, CH2), 0.84 (t, 3J 5 7.2 Hz, 3 H, CH3). 2 7.3 Hz, 3 H, CH3). 2 31P{1H} NMR (CDCl3): δ 5 127.7 (d, JRhP 5
31P{1H} NMR (CDCl3): δ 5 141.1 (s). 2 C35H43ClNO4P (608.16): 197 Hz). 2 C36H43Cl2NO5PRh (774.53): calcd. C 55.83, H 5.60, Cl
calcd. C 69.12, H 7.13, Cl 5.83, N 2.30; found C 68.85, H 7.01, Cl 9.15, N 1.81; found C 55.78, H 5.68, Cl 8.91, N 2.01.
5.59, N 2.15. 2 Method B: To a solution of 8-chloroquinoline
(1.00 g, 6.1 mmol) in tetrahydrofuran (20 mL) cooled in an acetone/ [Rh(CO)(P92C)Cl2]2 [P92C 5 (SaRC)-2-Butyl-1-(3,5-dioxa-4-

phosphacyclohepta[2,1-a;3,4-a9]dinaphthalen-4-yl)-1,2-dihydro-dry-ice bath, 3.9 mL of a 1.6  hexane solution of n-butyllithium
was added dropwise. The reaction mixture was allowed to warm to 8-quinolyl] (6): A solution of 4a (0.279 g, 0.52 mmol) in hexane was

slowly added at room temp. to a stirred solution of [Rh(CO)2Cl]2250°C, stirred for 1 h, and cooled to 278°C once more. A pre-
cooled solution of 4,8-di-tert-butyl-6-chloro-2,10-dimethoxy-5,7- (0.100 g, 0.26 mmol) in the same solvent (15 mL) until the CO

stretching bands of the reagent disappeared from the IR spectrum.dioxa-6-phosphadibenzo[a,c]cycloheptene (2.58 g, 6.1 mmol) in
THF (3 mL) was then rapidly added to the lithium reagent (anion). A yellow precipitate was deposited during the course of the ad-

dition. This solid was collected and washed with petroleum ether.The reaction mixture was slowly allowed to warm to room tem-
perature and then stirred for 2 h. After removal of the THF, the After repeated recrystallization from benzene/hexane, the pure title

compound was obtained. Yield: 0.255 g (70%). 2 IR (KBr, Nujol):residue was extracted with hexane (50 mL). Removal of the solvent
from the combined extracts afforded 3 as a white foam. Yield: ν(CO) 5 2106 cm21. 2 1H NMR (CDCl3): δ 5 8.0827.36 (m, 12

H, Ar-H), 6.9126.86 (m, 3 H, Ar-H), 6.28 (d, 3J 5 10.2 Hz, 1 H,2.97 g, 80%.
CH5CH), 5.15 (m, 1 H, CH5CH), 3.24 (m, 1 H, CH), 1.2420.76

2-Butyl-8-chloro-1-(3,5-dioxa-4-phosphacyclohepta[2,1-a;3,4-a9]- (m, 6 H, CH2), 0.54 (t, 3J 5 7.3 Hz, 3 H, CH3). 2 31P{1H} NMR
dinaphthalen-4-yl)-1,2-dihydroquinoline (4). Method A: In analogy (CDCl3): δ 5 134.8 (d, JRhP 5 192 Hz). 2 C34H27Cl2NO3PRh
to Method A for the preparation of compound 3, compound 4 was (702.38): calcd. C 58.14, H 3.87, Cl 10.10, N 1.99; found C 58.35,
synthesized from (S)-2,29-dihydroxybinaphthyl (1.00 g, 3.5 mmol), H 3.93, Cl 9.89, N 2.03.
Et3N (1.76 g, 17.5 mmol), and 2 (1.13 g, 3.5 mmol). The 1H- and
31P{1H}-NMR spectra of the crude reaction mixture were consist- cis-[Pd(3)2Cl2] (9): A solution of 3 (0.475 g, 0.78 mmol) in toluene

(10 mL) was added to a solution of [Pd(PhCN)2Cl2] (0.150 g,ent with the formation of an approximately 1:1 mixture of two
diastereoisomers. Recrystallization from hexane allowed the com- 0.39 mmol) in the same solvent (20 mL) cooled in an ice bath. The

reaction mixture was then stirred overnight at room temperature.ponents to be separated. The compound more soluble in hexane
(0.56 g, 30%) proved to be the (SaRC) diastereoisomer 4a (assign- The yellow solution was subsequently concentrated to a volume of

5 mL and upon addition of 30 mL of diethyl ether a lemon-yellowment based on X-ray studies of the corresponding diiodoplatinum
complex). 2 1H NMR (CDCl3): δ 5 8.0427.88 (m, 3 H, Ar-H), solid was deposited. This solid was collected, washed with diethyl

ether, and dried in vacuo. Yield: 0.489 g (90%). 2 IR (CsI, Nujol):7.64 (m, 1 H, Ar-H), 7.4427.28 (m, 9 H, Ar-H), 7.2327.03 (m, 2
H, Ar-H), 6.52 (d, 3J 5 9.5 Hz, 1 H, CH5CH), 5.74 (dd, 3J 5 ν(PdCl) 5 335, 302 cm21. 2 1H NMR (CD2Cl2): δ 5 7.6227.54

(m, 3 H, Ar-H), 7.29 (d, 3J 5 7.4 Hz, 1 H), 7.13 (br., 1 H), 7.079.5 Hz, 3J 5 5.6 Hz, 1 H, CH5CH), 4.35 (m, 1 H, CH), 1.4821.20
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(d, 4J 5 3.0 Hz, 1 H, Ar-H), 6.86 (d, 4J 5 3.0 Hz, 1 H, Ar-H), 6.71 9.2 Hz, 1 H, Ar-H), 8.0427.95 (m, 3 H, Ar-H), 7.5127.31 (m, 8

H, Ar-H), 6.89 (m, 1 H, Ar-H), 6.8026.75 (m, 2 H, Ar-H), 6.20(d, 4J 5 3.0 Hz, 1 H, Ar-H), 6.65 (d, 4J 5 3.0 Hz, 1 H, Ar-H), 4.55
(m, 1 H, CH), 3.84 (s, 3 H, OCH3), 3.78 (s, 3 H, OCH3), 1.61 [s, 9 (d, 3J 5 9.6 Hz, 1 H, CH5CH), 4.36 (dd, 3J 5 9.6 Hz, 3J 5 5.4 Hz,

1 H, CH5CH), 4.05 (m, 1 H, CH), 0.9520.74 (m, 6 H, CH2), 0.51H, C(CH3)3], 1.4821.22 (m, 6 H, CH2), 0.95 [s, 9 H, C(CH3)3],
0.85 (t, 3J 5 7.1 Hz, 3 H, CH3). 2 31P{1H} NMR (CDCl3): δ 5 (t, 3J 5 7.2 Hz, 3 H, CH3). 2 31P{1H} NMR (CDCl3): δ 5 94.5

(JPtP 5 5296 Hz). 2 C66H54Cl2I2N2O4P2Pt (1520.9): calcd. C 52.12,131.6 (s). 2 C70H86Cl4N2O8P2Pd (1393.6): calcd. C 60.33, H 6.22,
Cl 10.18, N 2.01; found C 60.45, H 6.28, Cl 9.96, N 2.03. H 3.58,, Cl 4.66, I 16.69 N 1.84; found C 52.26, H 3.60, Cl 4.76, I

16.47, N 1.89.cis-[Pd(4a)2Cl2] (10): A solution of 4a (0.418 g, 0.78 mmol) in tolu-
ene (10 mL) was added to a stirred solution of [Pd(PhCN)2Cl2] Crystal Structure Determination of Complexes 5 · 2 C6H14 and 11:

Intensity data for 5 · 2 C6H14 were collected at room temperature(0.150 g, 0.39 mmol) in the same solvent (20 mL) cooled in an ice
bath. The reaction mixture was then stirred overnight at room tem- (22°C) with an Enraf-Nonius CAD-4 single-crystal diffractometer

using graphite-monochromated Cu-Kα radiation. Intensity data forperature, resulting in the deposition of an orange precipitate. This
was filtered off, washed with toluene (in which the product is 11 were collected at room temperature (22°C) with a Philips PW

1100 single-crystal diffractometer using graphite-monochromatedslightly soluble), and dried. Yield: 0.195 g (40%). 2 IR (CsI, Nu-
jol): ν(PdCl) 5 335, 301 cm21. 2 1H NMR (CDCl3): δ 5 8.33 (d, Mo-Kα radiation. In both cases, the θ/2θ scan technique was em-

ployed. Final unit-cell parameters were obtained from least-squares3J 5 9.2 Hz, 1 H, Ar-H), 8.0827.98 (m, 3 H, Ar-H), 7.5527.35
(m, 9 H, Ar-H), 6.87 (m, 1 H, Ar-H), 6.8026.76 (m, 2 H, Ar-H), refinements using 24 (5 · 2 C6H14) and 30 (11) reflections. Crystal-

lographic and experimental details pertaining to both structures are6.40 (d, 3J 5 9.4 Hz, 1 H, CH5CH), 4.50 (dd, 3J 5 9.4 Hz, 3J 5

5.4 Hz, 1 H, CH5CH), 3.95 (m, 1 H, CH), 0.8820.68 (m, 6 H, summarized in Table 3.
CH2), 0.56 (t, 3J 5 7.2 Hz, 3 H, CH3). 2 31P{1H} NMR (CDCl3): Data were corrected for Lorentz and polarization effects in the us-
δ 5 117.5 (s). 2 C66H54Cl4N2O4P2Pd (1249.3): calcd. C 63.45, H ual manner. A correction for absorption was made for both com-
4.36, Cl 11.35, N 2.24; found C 63.35, H 4.28, Cl 11.12, N 2.15. plexes [maximum and minimum values for the transmission coef-

ficients 1.000 and 0.7101 (5 · 2 C6H14) and 1.000 and 0.3741cis-[Pt(4a)I2] (11): At room temp. a solution of 4a (0.097 g,
0.18 mmol) in toluene was added to a stirred solution of (11)]. [15] Both structures were solved by Patterson and Fourier

methods and refined by full-matrix least-squares procedures (based[Pt(COD)I2] (0.050 g, 0.09 mmol) in the same solvent (20 mL).
After 4 h, the bright-yellow solution was concentrated to a volume on Fo

2) with anisotropic thermal parameters in the final cycles of
the refinement for all non-hydrogen atoms other than the carbonof ca. 5 mL and upon addition of 30 mL of diethyl ether a light-

yellow solid was deposited. This solid was collected, washed with atoms of the n-butyl moiety and of the solvent molecules in
5 · 2 C6H14. The n-butyl group was found to be disordered and dis-diethyl ether, and dried in vacuo. Yield: 0.123 g (90%). Recrystalli-

zation from CHCl3/hexane gave yellow single crystals suitable for tributed over two positions with the first carbon atom (C1A) in
common, with occupancy factors of 0.62 and 0.38, respectively. TheX-ray diffraction analysis. 2 1H NMR (CDCl3): δ 5 8.49 (d, 3J 5

Table 3. Crystal data and structure refinement for 5 · 2 C6H14 and 11; R1 5 Σ|Fo 2 Fc|/|Σ(Fo)|; wR2 5 {Σ[w(Fo
2 2 Fc

2)2]/Σ[w(Fo
2)2]}1/2

Formula C72H86Cl4N2O10P2Rh2 · 2 C6H14 C66H54Cl2I2N2O4P2Pt

Formula weight 1721.34 1520.84
Temperature 293(2) K 293(2) K
Wavelength 1.54184 Å 0.71073 Å
Crystal system orthorhombic orthorhombic
Space group Pbca P212121
Unit cell dimensions a 5 26.499(5) Å a 5 20.479(5) Å

b 5 17.869(3) Å b 5 20.546(5) Å
c 5 20.200(4) Å c 5 16.757(4) Å

Volume 9565(3) Å3 7051(3) Å3

Z 4 4
Density (calculated) 1.195 Mg/m3 1.433 Mg/m3

Absorption coefficient 45.30 cm21 30.29 cm21

F(000) 3600 2976
Crystal size [mm] 0.32 3 0.25 3 0.21 0.18 3 0.24 3 0.27
θ range (°) 3.34260.02 3.06228.00
Index ranges 0 # h # 29, 0 # h # 27,

0 # k # 20, 0 # k # 27,
222 # l # 0 0 # l # 22

Reflections collected 6802 9215
Independent reflections 6802 9215
Obsd. reflns. [I > 2σ(I)] 2638 4729
Refinement method Based on F2 Based on F2

Data/restr./param. 6798/27/486 9215/0/677
Flack index 2 20.04(1)
Goodness-of-fit on F2 0.818 0.928
Final R indices [I > 2σ(I)] R1 5 0.0659, R1 5 0.0450,

wR2 5 0.1728 wR2 5 0.1162
R indices (all data) R1 5 0.1841, R1 5 0.1196,

wR2 5 0.2520 wR2 5 0.1411
Largest diff. peak and hole 0.701 and 20.715 eÅ23 0.958 and 21.364 eÅ23
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