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Abstract—H8-MonoPhos, a new stable and easily prepared monodentate phosphoramidite ligand, has been synthesized from
H8-BINOL. The ligand showed extremely highly enantioselectivity of higher than 99.9% e.e. in the asymmetric Rh-catalyzed
hydrogenation of �-dehydroamino acids. Our study further supports the new concept that there is no gap in efficiency and
enantioselectivity between monodentate and chelating ligands for asymmetric catalysis. © 2002 Elsevier Science Ltd. All rights
reserved.

An important recent breakthrough in asymmetric
hydrogenation is the discovery that monodentate cata-
lytic ligands may induce higher enantioselectivity than
their bidentate analogues. Herein our study further
demonstrates that monodentate ligands may provide
excellent chiral induction, comparable to that of the
best chelating ligands.

Amongst the monodentate phosphorous ligands,1–3

Feringa’s MonoPhos 1 (Fig. 1) derived from 1,1�-bi-2-
naphthol (BINOL) gave the best results.3 However, its
solubility is low in some solvents, which resulted in
decreased rate of hydrogenation.3 We thought that if
the BINOL backbone was replaced by H8-BINOL, the
resulting compound would have better solubility. Fur-

thermore, H8-BINOL is somewhat different from
BINOL in conformation and electronic character. Some
ligands based on H8-BINOL show higher asymmetric
induction than those based on BINOL in many asym-
metric transformations such as hydrogenation,4 alkyla-
tion of aldehydes5 and hetero-Diels–Alder reaction.6

Prompted by these results and the facile preparation of
H8-BINOL from BINOL, we synthesized the H8-
BINOL based monodentate phosphoramidite 2
(shorted as H8-MonoPhos) and investigated its applica-
tion in the enantioselective hydrogenation of �-dehydro-
amino acid derivatives. To our best knowledge, no
H8-BINOL backbone has been used as a monodentate
phosphorous ligand until now.

H8-BINOL was prepared by the reduction of BINOL
with Ni�Al alloy under strongly basic conditions.7

Treatment of (R)-H8-BINOL with hexamethylphospho-
rous triamide gave (R)-H8-MonoPhos 28 in high yield.
Its structure was fully characterized by 1H, 13C and 31P
NMR. Unlike MonoPhos 1, H8-MonoPhos 2 is soluble
in most common organic solvents, which provides a
wide scope of solvents for optimizing the reaction con-
ditions for various substrates.

Initially, we screened solvents and hydrogen pressure in
the hydrogenation of dehydro-N-acetylphenylalanine
methyl ester 3a (Table 1). All of the resulting e.e. values
in the tested solvents are higher than or comparable to

Figure 1. (S)-MonoPhos 1 and (R)-H8-MonoPhos 2.
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Table 1. Enantioselective hydrogenation of �-dehydroamino acid derivatives 3 by H8-MonoPhos-Rh complexa

Substrates t (h)Entry Solvents E.e.b (%) Conv.b (%)

3a 21 Toluene 94.9 99.1
3a 0.52 ClCH2CH2Cl 95.0 99.7
3a 0.53 CH2Cl2 94.4 99.3
3a 0.54 AcOEt 95.7 96.9

5 3a 0.5 THF 94.2 90.2
3a 16 Acetone 95.4 99.2
3a 0.57 i-PrOH 96.0 98.9
3a 68c i-PrOH 94.8 99.7

9d 3a 1 i-PrOH 95.6 96.8
3a 0.510e i-PrOH 95.6 99.6

11f 3a 8 Acetone 96.4 99.9
3b 0.5 Acetone12 94.4 95.9
3c 513g CH2Cl2 96.0 99.9
3d 514g CH2Cl2 98.0 99.9
3e 0.515 Acetone 92.5 98.6
3f 2 Acetone16 95.9 99.9
3g 0.517 Acetone 99.9 99.9
3g 8 Acetone18f 99.9 99.9

a Reactions were performed with 0.1 M solutions of substrates at S/C=100/1 at rt and 20 bar initial hydrogen pressure unless otherwise noted.
b E.e. and conversion were determined by GC on a CP-Chirasil-L-Val column. The configurations of all the predominant products were in S form.
c 1 bar of H2.
d 10 bar of H2.
e 40 bar of H2.
f The substrate to catalyst mole ratio is 500.
g 100 psi of H2.

those of MonoPhos. The effects of solvents on the
chiral induction are minimal (entries 1–7); that is, H8-
MonoPhos is one of the rare ligands that have extensive
adaptation to various solvents. Increased hydrogen
pressure accelerated the reaction but played a minor
role in enantioselectivity (entries 7–10). Interestingly,
when the substrate to catalyst ratio was increased from
100 to 500, the reaction gave consistent e.e. value (entry
11). It is notable that the substrate could not be com-
pletely hydrogenated in toluene with 5 (mol)%
rhodium–MonoPhos complex under ambient H2 pres-
sure for 20 h due to poor solubility of the catalyst;3 but
the reaction did reach completion with 1 mol% H8-
MonoPhos–rhodium complex under 20 bar of H2 for 2
h (entry 1).

We next sought to investigate the hydrogenation of
some other dehydroamino acid substrates. Excellent
enantioselectivities were achieved for the dehy-
drophenylalanines 3b, 3c and 3d with electron-donating
and withdrawing para-substituents on the phenyl
group, but for the ortho-substituted 3e a slightly lower
e.e. value was obtained (entries 12–15). The precursor

of L-Dopa 3f was reduced completely over 2 h with
excellent e.e. (entry 16). In particular, methyl N-
acetamidoacrylate 3g was hydrogenated to give 4g with
higher than 99.9% e.e. (entries 17 and 18) and quantita-
tive conversion even in the presence of 0.2 mol% cata-
lyst, which is comparable to the results of the best
chelating catalysts.

In summary, a new monodentate phosphoramidite H8-
MonoPhos 2 was designed and synthesized. Excellent
e.e. values are obtained in the H8-MonoPhos–rhodium-
catalyzed hydrogenation of �-dehydroamino acid
derivatives, which demonstrates that H8-MonoPhos is
comparable to the best mono- and bidentate phosphine
ligands.
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