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After 30 years neglect, the monodentate phosphorus liggotd

its renaissance in asymmetric catalysis at the beginning of this

millennium by the pioneering works of Ferringa, de Vries, Reetz,

Pringle, and other3Since then, the development of monodentate

phosphorus ligands (e.d. and2) for asymmetric catalysis has been

a research topic of increasing interest due to the facts of their easy

preparation, good stability, and excellent performance in the

catalysis>=> To achieve the highly efficient and enantioselective

catalysis of asymmetric reactions, the tuning of the catalyst to make 3a 3b 3¢ 3d 3¢ 3f 3g 3h

a perfect match among chiral ligands, metallic ion, as well as ligand

substrate and so on, is the key issue, in which the adjustment of Figure 1. The impacts of R and 'Rn monodentate ligand3a—h on the

the steric and electronic modifications in chiral ligands plays a enantioselectivity of Rh(l)-catalyzed hydrogenations.afehydroamino acid

central role. Therefore, the development of structurally tunable derivative5c (a) and enamid@a (b).

ligands will merit the Iiga_no_l and catalyst diversity. I_n the preser_1t Ligands3a—h were then tested in the Rh(l)-catalyzed enantio-

work, we report our preliminary results on the design, synthesis, gg|ective hydrogenation of olefin derivatives. The olefin derivatives

e_md applications of a new class _of monodentate phosphoramidites. 4474 were taken as the model substrates, respectively. As

ligands3 (DpenPhos) on the basis of a modular approach. shown in Figure 1a, the enantioselectivity for the hydrogenation
of dehydroamino acid derivativisc was dramatically enhanced from

OO R 52.0 to 99.4% ee with the change of R from the smallest proton
0 N o_ R (3a) to the 3,5-ditert-butylbenzyl group &f). On the other hand,
S Px °:<N O/P“NR, the increase of the steric hindrance of substituents at the phosphorus
OO A @ atom of the ligands (R proved to be unfavorable for the
enantioselectivity of the reaction3lf vs 3c). The impact of
flaX=0R 2aX=0R 3, DpenPhos substituents R in ligand8 on the enantioselectivity of the
1b X = alkyl or aryl 2b X = NRj, SpiroPhos

hydrogenation of enamide derivativéa showed the similar
tendency of substituent effect (Figure 1b). All these results clearly
indicated that dual steric tuning of both R and droups in the
monodentate DpenPhos ligands is critically important for achieving
maximum asymmetric induction in Rh(l)-catalyzed hydrogenations.
£]’he imidazolidinone backbone in the ligands has provided an
excellent opportunity for facile modular construction of structurally
were finally obtained by the reaction oRR)-4a—f with hexa- tunaple ligands, \_/vhich can be considere_d as one of the advantages
methylphosphorus triamide (HMPT) or hexaethylphosphorus tri- ©f this class of ligands. The further optimization of Hressure
amide in good yields. These ligands are stable enough in the air to(SUPPorting Information) disclosed that 99.6% eesofcould be

be purified by column chromatography on silica gel without special 2chieved with ligand3d under 20 atm of K Similarly, the
precaution to water or air. enantioselectivity for the hydrogenation of enamidig up to

97.6% ee, has been achieved using the Rh(I) complex of ligand

1¢c X = NR;, MonoPhos

As shown in Scheme 1, the synthesis of liga3d#/ias quite
simple. The key diphenol intermediatés—f were readily prepared
from a chiral diamine,R R)-1,2-di(2-dimethoxyphenyl)-1,2-ethyl-
enediamine, via a three-step reaction sequence (see Supportin
Information). The monodentate phosphoramidite ligarRIR)¢3

Scheme 1. Synthesis of Modular Monodentate Ligands 3a—h Under the optimized reaction conditions, various dehywo-
R R amino acid derivativessa—q could be hydrogenated with the
?NQ P(NMey)s :'N catalysis of RhiR,R)-3d to afford the corresponding-amino acid
OH _or P(NEty) o_ R derivatives with extremely high enantiomeric excess values {95.9
o{ or % hls | o=< Sp—N y g : {9
N~ OH  7595% N 0T R 99.9% ee, Table 1, entries-17). Either the alkyl or aryl group
r‘e @ .4 situated at thg-position of dehydrax-amino acid derivatives has
taf 3a-h little impact on the enantioselectivity of the reaction. To demonstrate
42 ReH 3aR=H, R =Me the efficiency Qf the catglyst RWR(R)-3d, the hydrogena.tion da
4b:R = CH, g:;g:geh F-{':MM: was also carried out with the reduced catalyst loading (0.1 mol
4c:R=Et 3d: R = PhCH,, R = Me %), affording the corresponding amino acid derivatiGa in
Rz ;’;‘_3(326)2 CaCH, JeR= 3355(%3))228::;‘:3:22 R = Me quantitative yield without significant loss of enantioselectivity (entry
4f: R = 3,5-(tBU),CeHsCHy 3g:R=Bn, R' = Et 18 vs 1). For the hydrogenation of enamide substrates, the catalyst
3h:-R=EL R =Et composed of monodentate ligarRIR)-3f was particularly effective.
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Table 1. Rh(l)-Catalyzed Enantioselective Hydrogenation of
Dehydro-a-amino Acid Methyl Esters (5) and Acetyl Enamides (7)2

[Rh(cod),]BF/3d

R -COCHs 1 mol% R CO,CH;
NHAc H%ﬁ:@jzm' NHAc
5a-q 6a-q
Rh(cod),]BF4/3f
J\ R e * J\
R NHAc Hy,, 40 atm, R NHAc
CH,Cl,
7a-h 8a-h

entry ligand Rin5and7 ee (%) (config)®

1 3d H (54) 99.3

2 3d CHz (5b) 98.4 0

3 3d CeHs (50) 99.6 ©

4 3d 4-BrCsH4 (5d) 99.7 9

5 3d 3-BrCsHa (5€) 99.09

6 3d 2-BrCgHa (5f) 98.209

7 3d 4-CICsH4(59) 99.09

8 3d 3-CICsH4 (5h) 98.6 ©

9 3d 2-CICsH4 (5i) 98.209
10 3d 4-CHzOCeH4 (5)) 97.20
11 3d 3-CHz:O0GCsH4 (5K) 98.4
12 3d 3-FGsHa4 (51) 99.7 9
13 3d 4-O;NCgH4 (5m) 99.1 0
14 3d 2-O;NCgH4 (5n) >99.9 9
15 3d 3,4-(CH50)2C6H3 (50) 99.1 6)
16 3d 3-Ac0O-4-CHOCeH3 (5p) 99.1 0
17 3d 2-naphthyl 6q) 96.9©
18 3d H (54) 98.8 9
19 3f CsHs (73) 97.6 9
20 3f 4-CICH4 (7b) 99.8
21 3f 4-CHOGsH4 (70) 97.4 9
22 3f 4-CHsCeH4 (7d) 99.3
23 3f 4-FCGHa4(7¢) 98.209
24 3f 4-BrCsH4 (7f) 99.70
25 3f 3-BrCsH4 (79) 96.1 9
26 3f 2-naphthyl 7h) 98.4 09

a All of the reactions were carried out at room temperature at a substrate
concentration of 0.2 M fo2 h (substrate/catalyst 100:1); the conversion
of substrate was determined Hy NMR.  Determined by chiral HPLC or
GC; absolute configurations of the products were assigned by comparison
of their optical rotation with literature dataWith 0.1 mol % of catalyst
loading.

Under the optimized conditions, a variety @farylenamides has
been hydrogenated to afford the correspondirgyylamine deriva-
tives quantitatively with excellent enantioselectivity (9699.6%

ee, Table 2, entries 26). Moreover, both the catalysts RRR)-

3d and Rh/RR)-3f were also effective for the hydrogenation of
dimethyl itaconate to give corresponding hydrogenated product with
97.2-99% ee in quantitative yield (Supporting Information).

A question is posed regarding how the backbone substituents
affect the enantioselectivities of the reactions. A Rh(l) complex of
ligand 3e has been isolated and characterized by X-ray crystal-
lography to have the formula of [RR,R)-3€} »(cod)]OH (Figure
2) (see Supporting Information). The complex contains two
phosphoramidite ligand8e and adopts the coordination pattern
similar to those reported by Zh#uand Reet? recently. The
hydrogenation of substrafe using isolated [R(R,R)-3€} »(cod)]-

OH complex affordedcin 99.1% ee, which is essentially the same
with that attained using the corresponding in situ prepared catalyst.
In the structure oBe-bonded Rh(l) complex, all four phenyl rings

of the ligand locate at four different quadrants, respectively, and
point to the opposite direction of protruding carbonyl group at the
imidazolidinone backbone. The chirality of nitrogen atoms at the
backbone is thus fixed aS configuration with complete diaste-
reoselectivity. Although the reason for the formation of such

Figure 2. Structure of the cation of [RifR,R)-3€}2(cod)["[OH] .

structural feature is not clear, the orientation of benzyl groups in
the Rh(l) complex should have some impact on the enantiodis-
crimination of the catalytic center. This observation might provide
a rationale for the increase in enantioselectivity of hydrogenations,
as shown in Figure 1.

In conclusion, a new class of monodentate phosphoramidite
ligands (DpenPhos) has been developed based on a modular concept
for Rh(l)-catalyzed asymmetric hydrogenations of a variety of olefin
derivatives, affording the corresponding optically active compounds
in excellent yields and enantioselectivities. The results achieved in
this work will stimulate future studies to explore the new applica-
tions of these modular ligands in other transition-metal-catalyzed
asymmetric reactiorfs’ including generation of a modular com-
binatorial chiral catalyst library using mixtures of ligarids.
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