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A new class of unsymmetrical hybrid phosphiremino-
phosphine ligands has been prepared from commercially
available, inexpensiveS-1-phenylethylamine through a
concise synthetic procedure. These ligands are not very

sensitive to air and moisture, and displayed good enantiose-

lectivities in the Rh-catalyzed asymmetric hydrogenation of
various dimethyhki-benzoyloxyethenephosphonates bearing
p-aryl, g-alkyl, andg-alkoxy substituents and-benzyloxy-

carbonylo-enamido phosphonates, in which up to 97% ee

was obtained. A side-by-side comparison study disclosed thaty,

these new phosphireaminophosphine ligands showed better
enantioselectivity than BoPhoz ligands.

Metal-catalyzed asymmetric synthesis is an important and
challenging area of contemporary synthetic organic chemistry,
in which choosing a suitable chiral ligand is a crucial thgk.

Note

related binding site3.Co-symmetry reduces the number of
possible catalystsubstrate arrangements and, consequently, the
number of competing reaction pathways by a factor of 2, which
can have a beneficial effect on the enantioselecti¥ijowever,
this does not mean th&,-symmetry is a necessary motif in
ligand design, and a highly dissymmet@ig symmetry structure
will equally fulfill the above conditions. Indeed, many recent
examples have clearly demonstrated the value of unsymmetrical
hybrid ligand design for obtaining more selective and efficient
catalysts, although the number is still significantly less than that
of Co-symmetrical ligandg:3

A combination of phosphine and aminophosphine fragments
has proved to be an effective arrangement for the construction
of unsymmetrical hybrid bidentate phosphorus ligands. In the
past few years, a few examples of phosphiaeinophosphine
species based on a chiral ferrocenylethyl backbone have emerged
as ligands for highly efficient catalytic asymmetric hydrogena-
tions# These phosphireaminophosphine ligands have advan-
tages of being highly modular, stable toward air and moisture,
and easily optimized by tuning the electronic and steric
properties of phosphino and aminophosphino moieties for certain
hydrogenation reactions. The first successful phosphine
aminophosphine ligand was known as BoPhoz, reported by Boaz
et al. in 2002, which showed excellent enantioselectivities in
the Rh-catalyzed asymmetric hydrogenationafehydroamino
acid derivatives, itacontate derivatives, andketoester$d
However, the results in the Rh-catalyzed asymmetric hydroge-
nation of enamides with these BoPhoz ligands were less
satisfactory. Yip and Chan et al. found that using the fluorinated
BoPhoz-type ligands could dramatically increase the enanti-
oselectivity in the Rh-catalyzed asymmetric hydrogenation of
enamided? Very recently, Chen et al. have introduced a
stereogenic phosphorus atom into Bophoz-type ligands, and the
comparative results demonstrate tRathirality improves the
enantioselectivity when acting cooperatively with the planar
chirality and the chirality at the carbon cenféridowever, in
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the past decades, a large number of chiral bidentate phosphorus?950. () Zhang, W.; Zhang, XAngew. Chem.nt. Ed. 2006 45, 5515~

containing ligands have been developed successfully for variou
Rh-catalyzed asymmetric hydrogenations, and most of these
ligands have a&,-symmetrical structure or hold two closely
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SCHEME 1. Synthesis of New Phosphine-Aminophosphine
Ligands (2)
: n-BuLi, CiSiMes I CIPPhy, CHyCly /—NH
NH, Et,0,0°C NH, EtsN, 0 °C-rt PPh,
e PPh,
n-BuLi, CIPPh; PPh,
(S)-3 Et;0,-30°Cit  (S)-1a (40%) (S)-2a (84%)
1) HCOOEt
40-50°C
overnight
2) LIAIH4/THF .,
: CIPPhy, CH,Cl, N
NHMe EtN, 0 °C-rt PPhy
— = PPh,
PPh,
(SH1b (52%) (S)y-2b (91%)
/R v
N, P
PPh, @[ \
w “PPh,

Me-BoPhoz: R = Me Me-DuPHOS

H-BoPhoz: R=H

addition to these ferrocene-based ligands, there was no other

phosphine-aminophosphine skeleton reported for the use in the
asymmetric catalysis, which prompted us to develop new and
modular phosphineaminophosphine ligands for the hydrogena-

TABLE 1. Rh-Catalyzed Asymmetric Hydrogenation ofa-Enol
Ester Phosphonates 4f-Aryl), 5 (f-Alkyl), and 6 (f-Alkoxy)?2

9 OMe RN(COD);BF, (1 mol %) 9 oMe
b Ligand (1.1 mol %) * i’(
RS oM R OMe
OBz H2 (10 atm), CH2C|2 OBz
4,5and 6 t24h 7,8and9
yield ee (%)
entry? ligand substrate (R) (%)°  (configny
1 Me-BoPhoz  4a R=Ph 98 5
2 2b 4a R=Ph 97 859
3 H-BoPhoz 4a R=Ph 99 89
4 2a 4a R=Ph 98 96 9
5 Me-DuPHOS 4a R=Ph 96 92
6 2a 4h R = p-FCsH4 99 96 ()
7 2a 4c R = p-ClICgH4 98 94 (+)
8 2a 4d R = p-BrCg¢H, 95 97 &)
9 2a 4e R = p-NOCeHa 99 95 ()
10 2a 4f. R = p-MeOGsH4 99 950
11 2a 49 R=mMeOGH; 98 96 ()
12 2a 4h R = 0-CICgH4 98 94 (+)
13 2a 4i. R= 1-nathphyl 98 95)
14 2a 4j. R = 2-thienyl 98 95 {)
15 2a 5a R=H 94 93
16 2a 5b R=Me 99 96 9
17 2a 5c R=Et 99 96 9
18 2a 5¢ R= (CH,)sCHs 97 96 8
19 2a 6a R=OMe 99 94 9
20 2a 6b R = OEt 99 93 ()

a All reactions were performed with 1.0 mmol of substrate at room

tion of some challenging substrates. Our interest was augmenteqemper‘,jlture under aspressure of 10 atm in 4 mL of Gl for 24 h

by having access to a chiral amino-phosphine precur§pr, (
1-[2-(diphenylphosphino)phenyl]ethylamin&S{DPPNH,, 1a),
an intermediate in the synthesis of a variety of our recently
introduced phosphirephosphoramidite ligands (PEAPhos) for
highly efficient Rh-catalyzed asymmetric hydrogenafidh can
be prepared by a one-step transformation from commercially
available, inexpensive chirgb-1-phenylethylamine. As a result,
herein we report a new and readily available chiral phosphine
aminophosphine ligand derived fror8){1-phenylethylamine,
which promoted excellent enantioselectivities in the Rh-
catalyzed asymmetric hydrogenation of various dimettien-
zoyloxyethenephosphonates beayiaryl, 5-alkyl, andj-alkoxy
substituents and dimethyl-benzyloxycarbonylamino-ethene-
phosphonates.

New phosphine.aminophosphine ligands were synthesized

unless otherwise specified. Substrate/Rh(CsBbB)/ligand= 1/0.01/0.011.

Full conversions were achieved in all reactiohtsolated yields¢ The ee
values were determined by HPLC on a chiral column. The absolute
configuration was determined by comparing the sign of optical rotation
with reported data or by comparison of chiral HPLC elution order with
configurationally defined examples.

o-enol ester phosphonatéa—j, to benchmark the potential of
these newly developed phosphireaminophosphine ligands. The
reaction was conducted in GEI, at room temperature under a
H, pressure of 10 atm in the presence of 1 mol % of catalysts
prepared in situ from Rh(COBBF, and 1.1 equiv of chiral
ligands, and the results are summarized in Table 1. The reduction
of f-aryl-o-enol ester phosphonates for the synthesis of biologi-
cally and synthetically important chirethydroxy phosphonates

as outlined in Scheme 1. As we have reported, the intermediatedS Of great interest, since the latter can provide convenient access

(9-DPPNH, (1a) and §)-DPPNHMe (b) can be easily
prepared from commerically available, inexpensiv@®-1-
phenylethylamine 3) through a concise proceduteBy the
treatment of §-DPPNH (1a) and §-DPPNHMe (Lb) with

1.1 equiv of CIPPhin CH,CI, at 0°C in the presence of Bl

as a scavenger for HCI eliminated, the target phosphine
aminophosphine ligandsSf-2a and ©-2b were obtained in
good vyields. To our delight, these ligands are not sensitive to

to important phosphorus analogues of phenylalanine, tyrosine,
or DOPAS The catalytic asymmetric hydrogenation/®aryl-
o-enol ester phosphonatdshas proved to be highly difficult,
and many famous biphosphine ligands such as DuPHOS, BPE,
and MiniPHOS, which are highly efficient for the asymmetric
hydrogenation of various functionalized olefins, gave unsatisfac-
tory results! It is only very recently that some unsymmetrical
hybrid phosphanephosphite and phosphirg@hosphoramidite

air and moisture. Even after being held at ambient temperature“ga”ds were found to show excellent enantioselectivities in this

in open air for 1 month, these ligands did not show any Changestransformatiprﬁ There_fore, the search f_or new chiral Iigands_
in its IH and3!P NMR spectra. This salient feature makes these with properties superior to those of their predecessors for this

new phosphineaminophosphine ligands highly practical for

general laboratory preparations as well as scale-up operations

In the first set of experiments, we used the Rh-catalyzed
asymmetric hydrogenation of the challenging substratesy!-

(5) (@) Huang, J.-D.; Hu, X.-P.; Duan, Z.-C.; Zeng, Q.-H.; Yu, S.-B.;
Deng, J.; Wang, D.-Y.; Zheng, Drg. Lett.2006 8, 4367-4370. (b) Huang,
J.-D.; Hu, X.-P.; Yu, S.-B.; Deng, J.; Wang, D.-Y.; Duan, Z.-C.; Zheng, Z.
J. Mol. Catal. A Chem.2007, 270, 127-131.
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transformation is still highly desirable. It is found that these

(6) Drescher, M.; Li, Y.-F.; Hammerschmidt, Fetrahedron1995 51,
4933-4946.

(7) (a) Burk, M. J.; Stammers, T. A.; Straub, J. @rg. Lett.1999 1,
387—390. (b) Gridneyv, I. D.; Higashi, N.; Imamoto, J. Am. Chem. Soc.
2001, 123 4631-4632. (c) Gridnev, I. D.; Yasutake, M.; Imamoto, T.;
Beletskaya, |. PProc. Natl. Acad. Sci. U.S.2004 101, 5385-5390. (d)
Liu, H.; Zhou, Y.-G.; Yu, Z.-K.; Xiao, W.-J.; Liu, S.-H.; He, H.-W.
Tetrahedron2006 62, 1120711217.
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newly developed phosphir@minophosphine ligands, despite SCHEME 2. Rh-Catalyzed Asymmetric Hydrogenation of
their simple appearances, displayed extraordinarily high enan-o-Benzyloxycarbonylaminoethenephosphonates 11 and 12

tioselectivities in this rhodium-catalyzed asymmetric hydrogena- Q oMe RN(COD)BF, (1mol %) 0 oMe
tion in comparison with some other bidenate phosphorus ligands. kOMe ©)r2a1mol%) _ ., #:OMe
As shown in Table 1, Me-BoPhoz was ineffective for this NHCbz  CHzCly, Hp (10 atm), it NHCbz
hydrogenation in terms of enantioselectivity, although full " (SH13
conversion and 98% isolated yield were achieved (entry 1). In  96% e, 98% yield
sharp contrast, liganglb, bearing a similar structure to that of g,OMe R“‘f;ﬁf;z(??ﬂo,"lz') *) / ﬁ,OMe
Me-BoPhoz, surprisingly gave the promising result of an ee Ph " OMe oo »Ph” " "OMe
value of up to 85% (entry 2). The presence of anH\proton N'1"zc"z 2Cla. iz (10 2tm). ( S’;:‘sz
in these ligands proved to be advantageous to achieving higher 96% ee, 99% yield

enantioselectivity. Thus, when ligar& with an N—H proton

on the amino moiety was applied in the reaction, the enanti- gemonstrates the potential usefulness of the present catalytic
oselectivity was further increased to 96% ee (entry 4). Under system for the preparation of optically actixeaminophospho-
the same hydrogenation conditions, Me-DuPHOS exhibited 92% p5tes.
ee (entry 5). The solvent screening experiment revealed that | summary, we have developed a new class of readily
CHCl, was the best reaction media in terms of activity and available, air-stable chiral phosphinaminophosphine ligands
selectivity. and successfully applied them to the enantioselective hydroge-
A wide range ofg-aryl-o-enol ester phosphonate substrates nation of variouso-enol ester phosphonates angenamido
were then examined with this methodology. The results indicated phosphonates. The results indicated that these new phosphine
that the reaction system had a high tolerance to the substitutionaminophosphine ligands exhibited superior enantioselectivity to
pattern and electronic properties of the substrates, and all ofthat obtained with BoPhoz analogues. Excellent enantioselec-
substrates were hydrogenated in over 94% ee (entHestp tivities (93—97% ee) have been achieved in the hydrogenation
The highest enantioselectivity was obtained in the hydrogenation of all substrates tested, demonstrating the high potential of these
of B-(p-bromophenyl)e-enol ester phosphonatel, affording phosphine-aminophosphine ligands in the preparation of opti-
the corresponding hydrogenation product in 97% ee (entry 8). cally activea-hydroxyphosphonates andaminophosphonates.
The hydrogenation of a variety g8-alkyl- and S-alkoxy- Studies further investigating the scope of these ligands are
substituted a-enol ester phosphonateés and 6 was also currently in progress.
investigated under the reaction condition as employed in the
hydrogenation oB-aryl-o-enol ester phosphonates. As expected, Experimental Section

good enantioselect?viti.es were retainegl .in the hydrc.)genation.of (9-DPPNH, 1aand -DPPNHMe1b were prepared according
these substrz?\tes, indicating high efficiency of this catalytic g oyr recently reported meth8di-Enol ester phosphonatds-6
system (entries 1520). As reported by Burk et al., the  anda-enamido phosphonatéd and12were prepared as reported
deprotection of the benzoyl group of the hydrogenation product, by Burk et al?2
o-benzoyloxy phosphonate, can be easily performed by treat- General Procedure for the Synthesis oéi-Phenylethylamine-
ment with K,COs in methanol at room temperature to generate Derived Phosphine-Aminophosphine Ligands 2.Amine-phos-
the correspondingr-hydroxy phosphonate without loss of Phine intermediate §-DPPNH 1la (305 mg, 1.0 mmol) was
optical purity in high yieldga dissolved in 4 mL of dried and degassed toluene, to which 0.42
o mL of triethylamine (3.0 mmol) was added. The mixture was cooled
To further demonstrate the scope and flexibility of the present i an ice-water bath, and then chlorodiphenylphosphine (0.2 mL,
catalytic system, we decided to apply the phospha@ino- 1.1 mmol, 1.1 equiv) was added dropwise. The reaction mixture
phosphine ligand2a to the hydrogenation ofa-enamido was allowed to warm to ambient temperature overnight at which
phosphonate$1 and12. The reaction was performed under the point TLC indicated ndla. After the precipitate was filtered off,
optimized conditions (CkCl, as the reaction mediakressure the reaction mixture was concentrated in vacuum. The residue was
of 10 atm, and room temperature for 24 h) as employed in the Purified by column chromatography, resulting in 411 mg (84%
hydrogenation ofi-enol ester phosphonates. Although catalytic Y1€!d) of (9-2a as a colorless viscous oila]*y —3.6 (0.156,

. : : . - . CHCl;). 'H NMR (400 MHz, CDC}) ¢ 1.33 (d,J = 6.4 Hz, 3H),
asymmetric hydrogenation of dehydroamino acid derivatives is 37-2.40 (m, 1H), 5.12.5.18 (m, 1H), 6.87:6.88 (M, 1H), 7.13

one of the most studied and widely applied methods for the 7 5 (m, 1H), 7.22-7.34 (m, 22H), 7.56.7.58 (m, 1H).13C NMR
enantioselective preparation @famino acids, there are only a (100 MHz, CDC4) 6 25.5, 53.2, 127.0, 128.1, 128.2, 128.3, 128.5,
few catalytic hydrogenation methods available to access opti- 128.6, 128.7, 129.4, 131.1, 131.2, 131.3, 133.7, 133.8, 133.9, 134.0,
cally activea-amino phosphonic acid derivativés°To our 134.2,137.0, 142.5, 151.4, 151%P NMR (162 MHz, CDCJ) 6
delight, Rh/§)-2a complex is also highly efficient for the = —16.9, 34.0. HRMS (EI) calcd for £H2oNP, [M ] 489.1775, found
hydrogenation of this substrate class. As shown in Scheme 2,489.1783.

both dimethyl a-benzyloxycarbonylaminoethenephosphonate

i e i _ (9) (a) Schidkopf, U.; Hoppe, I.; Thiele, ALiebigs Ann. Cheml985

(11) and dimethyl £)-a-benzyloxycarbonylaming-phenylethe- . 7 g =0 i i "N roinaga, M.: Pham, T.. Lubell, W. D.;
nephosphonatelf) were hydrogenated completely to give the  Ngyori, R. Tetrahedron Lett1995 36, 5769-5772. (c) Schmidt, U.; Oehme,
correspondingxr-aminophosphonates with 96% ee. This result G.; Krause, H.Synth. Commun1996 26, 777-781. (d) Kitamura, M.;
Yoshimura, M.; Tsukamoto, M.; Noyori, REnantiomer1996 1, 281—
- 303. (e) Holz, J.; Quirmbach, M.; Schmidt, U.; Heller, D.; @ter, R.;

(8) (a) Rubio, M.; Steez, A.; Alvarez, E.; Pizzano, AChem. Commun. Borner, A.J. Org. Chem1998 63, 8031-8034. (f) Grassert, I.; Schmidt,
2005 628-630. (b) Rubio, M.; Vargas, S.; Stez, A.; Alvarez, E.; Pizzano, U.; Ziegler, S.; Fischer, C.; Oehme, Getrahedron Asymmetryl998 9,
A. Chem. Eur. J2007, 13, 1821-1833. (c) Wang, D.-Y.; Hu, X.-P.; Huang, 4193-4202. (g) Dwars, T.; Schmidt, U.; Fischer, C.; Grassert, |.; Kempe,
J.-D.; Deng, J.; Yu, S.-B.; Duan, Z.-C.; Xu, X.-F.; ZhengAfigew. Chem. R.; Franlich, R.; Drauz, K.; Oehme, GAngew. Chemlnt. Ed. 1998 37,
Int. Ed. 2007, 46, 7810-7813. 2851-2853.
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General Hydrogenation Procedure.To a solution of [Rh- the enantiomeric excess was determined by HPLC on a chiral
(COD)]BF4 (4.0 mg, 0.01 mmol) in anhydrous and degassed-CH  column.
Cl; (2 mL), which was placed in a nitrogen-filled glovebox, was ) .
added phosphineaminophosphine liganga (5.4 mg, 0.011 mmol). Acknowledgment. We are grateful _for the generous f|nanC|f_aI
The reaction mixture was stirred at room temperature for 30 min, SUpport from the National Natural Science Foundation of China
and then a solution ofi-enol ester phosphonate (1.0 mmol) in 2 (20472083).
mL of CH,Cl, was added. The mixture was transferred to a Parr Supporting Information Available: H, 3P, and3C NMR

stainless autoclave. The autoclave was purged three times Withspectra of ligandgab and the hydrogenation producs-9, 13

hydrogen, ?‘”d maintained a hydrogen pressure of 10 atm. Theand14, and analysis of ee values of these hydrogenation products.
hydrogenation was performed at room temperature for 24 h. After ric aterial is available free of charge via the Internet at

carefully releasing the hydrogen, the solvent was removed. The i
residue was filtered through a short Si€lumn to remove the hitp://pubs.acs.org.
catalyst. The filtrate was concentrated under reduced pressure, and0702488J
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