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Chiral Phosphoric Acid Diesters as
Ligands in Asymmetric Transition Metal

Catalyzed Hydrogenation
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Abstract: A chiral phosphoric acid diester, specifically the BINOL-based derivative, has been used for the first
time in Rh-, Ir-, and Pd-catalyzed hydrogenation of olefins and imines, giving ee-values of up to 85%.
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Recently monodentate phosphorus com-
pounds have emerged as cheap and effective
ligands in Rh-catalyzed olefin hydrogena-
tion; BINOL-based monophosphites [1],
monophosphoramidites [2], and monophos-
phonites [3] being prime examples. More-
over, we have recently established a new
concept in combinatorial asymmetric catal-
ysis based on the use of mixtures of chiral
monodentate ligands such as phosphonites
and phosphites [4][5]. Although a number
of reports concerning the synthesis and co-
ordination chemistry of chiral phosphoric
acid diesters have appeared [6][7], to date
these compounds have not been employed
as ligands in asymmetric transition metal
catalyzed hydrogenation. In this paper we
present the first results concerning this pos-
sibility, the focus being on the BINOL-
based derivative 1 which can be considered
to be in equilibrium with its phosphite
tautomer. Although the equilibrium lies far
on the left side (as in the case of most other
chiral and achiral phosphoric acid diesters),
metal coordination can occur at the lone
electron pair of the phosphite tautomer,
much like in the case of the analogous phos-
phites [3].
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Although the synthesis of racemic 1
has been claimed to occur cleanly by hy-
drolysis of the chlorophosphite 2 [8], we
observed varying amounts of a compound
that we identify as the anhydride 3. The 3'P
NMR spectrum of 1 shows a doublet at
8 = 14.4 ppm (I, = 733.4 Hz), whereas
that of 3 displays a singlet at § = 136 ppm
[9]. The use of only 0.5 equivalents of
water changes the 1/3 ratio to 20:80, but
so far 3 could not be isolated in pure form.

In contrast, treatment of 2 with zert-butanol
according to a method useful in other cases
[6b] afforded 1 quantitatively. In this case
the tert-butyl-phosphite is formed as an
intermediate which reacts with the liberat-
ed HCI to provide the product 1 along
with easily separable fert-butylchloride [9].
Alternatively, heating 2 with formic acid
according to an alternative method [10]
also provided 1 in excellent yield (94%) [9].
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Upon reacting [Rh(cod),]BF, with 2
equiv. of (5)-1 for 2 h and using the in situ
formed Rh-complex as a catalyst in the hy-
drogenation of itaconic acid dimethyl ester
4 under standard conditions (Rh/4 =
1:1000; 1.3 bar H,; 20 h; CH,Cl,) [3],
quantitative conversion to (S)-5 was ob-
served, with an ee of 85%. This is only
slightly lower than in the case of the
analogous BINOL-based methyl phosphite
(ee =89%) [3].

Although structural and mechanistic
studies have not been completed, we spec-
ulate that coordination at the lone electron-
pair of phosphorus in the phosphite tautomer
will acidify the hydroxy function, which
could then play a role in catalysis by form-
ing H-bonds with the substrate. We also
studied a more difficult substrate 6 using irid-
ium catalysis [11]. The precatalyst formed
by reacting [Ir(cod)Cl], with 1 showed
a dependency on solvent and amount of

ligand (Table). In all cases conversion was
quantitative, the highest ee reaching 49.7%
in toluene (entry 5), whereas in ethanol
enantioselectivity is reversed (entry 6).

Application of palladium catalysis [12]
(Pd(OAc), + 2 equiv. of 1 (5 mol-%);
toluene; room temperature; 80 bar H,; 24 h)
in the hydrogenation of 6a, resulted in
essentially racemic 7a. In contrast, 6b was
hydrogenated under these conditions to
form 7b with an ee of 38.5% (R) (100%
conversion). Interestingly, the anhydride 3
(containing 20% of 2) led to an ee of 75.6%
(S), which means an inversion of enan-
tioselectivity. This begins to compete with
other methods [11-13]. It has been reported
that the BINOL-based phenylphosphonite
leads to racemic products in these cases
[11].

Although we have not yet been able
to characterize the above metal complexes
unambiguously, we succeeded in obtaining
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crystals of a platinum complex 9 prepared
by reacting PtCl,(CH,CN), with (S)-2 and
hydrolyzing [6f,g] the bis-adduct 8 in the
presence of NEt, [9]. The crystal structure
(Fig. 1) shows a cis-coordination at phos-
phorus in the phosphite tautomer. Deproto-
nation by Et;N has occurred with formation
of HN*Et;, which is strongly hydrogen
bonded to O~ [14].

In summary, we have shown for the first
time that a chiral phosphoric acid diester
[15] can be used in Rh-, Ir-, and Pd-cat-
alyzed hydrogenation. Since a large num-
ber of chiral diols are available for the
potential synthesis of the corresponding
phosphoric acid diesters, the stage is set
for further studies, including our combina-
torial approach [4] in which compound 1
(or an analog) is mixed with other types of
monodentate P-ligands.
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Table. Iridium-catalyzed hydrogenation of imine 6a® using 1 as the ligand

Entry Ligand : Ir Solvent
1 2 CH,Cl,
2 1 CH,Cl,
3 & CH,Cl,
4 4 CH,Cl,
5 2 toluene
6 2 ethanol
7 2 THF

@Precursor: [Ir(cod)Cl],; conditions: substrate/catalyst = 33:1, 80 bar H,,

48 h, room temp.; conversion: 100%.
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Fig. 1. Crystal structure of the Pt-adduct 9, showing the N-H--O"

hydrogen bonding interactions.
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Crystal data for 9: [C,,H,,C1,0.P,Pt]*"
2[CH, 6N]J’-[C HgO], colorless prism from
tetrahydrofuran, M, = 1205.02, monoclinic,
space group P2, a = 10.0204(4), b
13.0816(5), ¢ = 20.2168(8) A, B
102.104(2)°, U = 2591.2(2) A3, Z =2, D,
= 1.54 gm cm™, F(000) = 1224, u( Mo-
K,) = 2927 mm™!, T = 100 K, Siemens
SMART diffractometer, w-scan, graphite
monochrqmated Mo-K,, radiation, A =
0.71073 A, absorption correction (7 ; =
0.39059, T, = 0.78013), 6, = 33.9°,
28868 reflections measured, 14740 unique,
of which 13490 I>20(I), R;,, = 0.031;
programs SHELXS-97 and SHELXL-97
from G.M. Sheldrick, University of Got-
tingen, 1997; 631 parameters, Chebychev
weights, R(F) =0.035 [I>26(])], wR(F2) =
0.078 (all data), H atoms riding, Flack
parameter = 0.005(4), APmax/min 2-67 €
A-3/-1.87 e A3. CCDC-207145.

Similar results were observed upon using
the octahydro-BINOL derived ligand [9].
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