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SYNTHESIS OF NEW CHIRAL BIS(TRIARYLPHOSPHINE) LIGANDS
BASED ON ASYMMETRIC HYDROGENATION OF
4,5-DIARYL-2-OXOCYCLOPENTANECARBOXYLATES

Norio Fukuda, Kazushi Mashima, Yoh-ichi Matsumura, and Hidemasa Takaya*
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Summary: New chiral bis(triarylphosphine) ligands, trans-bis(3-diphenylphosphino-
phenyl)cyclopentane and trans-bis(2-diphenylphosphinophenyl)cyclopemane, have been
prepared in optically pure forms based on asymmetric hydrogenation of 4,5-diaryl-2-
oxocyclopentanecarboxylates catalyzed by the BINAP—Ru(II) complex.

Various kinds of chiral diphosphine ligands have been prepared and their transition
metal complexes have been used as catalysts for asymmetric reactions.! We reported
synthesis of 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), an atropisomeric
diphosphine, which has been successfully used as chiral ligand for various transition-
metal catalyzed asymmetric transformations such as Ru(II)- and Rh(I)-catalyzed
asymmetric  hydrogenation and 1,3-hydrogen migration.2  BINAP is a
bis(triarylphosphine), which is one of the characteristics responsible for its high
efficiency. The number of chiral, fully arylated diphosphines, however, has been limited.
This time, we have prepared two new bis(triarylphosphine) ligands 1 and 2 based on
asymmetric hydrogenation of cyclic B-keto esters by use of cationic BINAP—Ru(II)
complex 3 as catalyst.34 The meta-substituted phosphine 1 (abbreviated to m-BITAP)
will coordinate to metals in a trans manner, while formation of cis-chelation complex
having a large bite angle P—Metal—P is expected for 2 (abbreviated to 0-BITAP).
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Racemic methyl 4,5-bis(3-chlorophenyl)-2-oxocyclopentanecarboxylate [(1)-4] was
prepared in one step by the electrochemical cyclodimerization of mecthyl m-
chlorocinnamate in 34% isolation yield.> When (+)-4 was hydrogenated by use of (§)-3
(60 °C, 120 h, H2 90—95 kg/cm?), a diastereomeric mixture of (-)-5 and (+)-6 in 1.00:1.16
ratio was obtained quantitatively, which can be easily scparated on silica gel column
chromatography.6.7 The all trans structure of (+)-6 has been established by the aid of X-
ray crystallography of its p-bromobenzoyl derivative.8 Oxidation of (-)-5 with CrOs
followed by recrystallization from methanol gave (-)-4, mp 150—152 °C, {[a]p30 -155.2° (¢
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1.12, CHCI3), 98% ee] in 44 % yield. Similar oxidation of (+)-6 gave (+)-4. No racemization
has been observed for (+)- and (-)-4 under the catalytic conditions, which shows that the
hydrogenation does not belong to dynamic kinetic resolution.4

Conversion of the keto ester (-)-4 to the diphosphine (-)-1 [[a]p30 -139.8° (¢ 0.99,
CHCl3)] was carried out by the procedures shown in Scheme 1. Hydrolysis of (-)-4
followed by decarbonylation and Clemensen reduction afforded (-)-7 in 55% yield.9,10
The optical purity (98%) of (-)-7 was confirmed by HPLC analysis with a chiral column,
CHIRALCEL OD (hexane : isopropyl alcohol = 60 : 1). The absolute configuration was
determined by conversion of (-)-4 to (+)-(3R,4R)-3,4-diphenyladipic acid.11.12 Treatment
of (-)-7 with 1% sodium—Ilithium alloy in THF at -78— -60 °C followed by addition of
PhaPCl afforded (-)-(1R,2R)-1 in 42% yield.13
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Reagents and yields: a: CrO3, 64% yield. b: HBr, 78% yield. c¢: HCl—Zn/ether,
71% yield. d: Li (1% Na) dispersion/THF/-78 °C, then PhyPCl, 42% yield.

A similar procedure with the o-chloro derivative of 4 afforded 2. When the racemic
ethyl 4,5-bis(o-chlorophenyl)-2-oxocyclopentanecarboxylate (8)14 was hydrogenated by
use of (5)-3 (60 °C, 74 h, Hy 90—95 kg/cm?2), a diastereomeric mixture of (-)-9 and (+)-10
was obtained in 1.0:1.6 ratio.15.16 The compounds (-)-9 and (+)-10 separated by column
chromatography on silica gel have been converted to (-)-8 (97% ee) and (+)-8 (61% ee),
respectively, by CrO3 oxidation. Simple recrystallization from methanol gave optically
pure (+)-8 [[®]p26 +68.0 ° (¢ 0.50, CHCl3)) and (-)-8 {[@]p24 -66.3 ° (c 1.49, CHCI3)]!7 in 8%
and 13% yield based on (%)-8, respectively.18

Conversion of (-)-8 to (+)-2 [[«]p20 +29.6 ° (¢ 1.02, CHCl3)] was carried out by the
same procedures as shown in Scheme 1. Decarbonylation and Clemensen reduction of (-)-
9 gave (-)-11 in 29% yield,19 which was lithiated with lithium dispersion in THF at -78—
-60 °C and then treated with PhaPCl to afford (+)-2 in 33% yield.20



7187

ci c @,m
g8 S
o N o
‘ L
ol tOOEL oy SOOE 1

()-8 all trans (-)-(1R.25,4R,5R)-9 (+)-(15,25,45,55)-10 (-){1R.2RA)-11

The stereochemistry of the hydrogenation is shown in Scheme 2, which shows that
for both enantiomers the single-handed catalyst bearing (S)-BINAP ligand approaches
from the rectus faces.
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Thus, the present method provides us a convenient route to a new class of chiral
bis(triarylphosphine) with C2 chirality. Use of metal complexes of ligands 1 and 2 as

catalysts for asymmetric reactions are our further interest.
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