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Table 1 The effect of ligand structure on the Rh-catalyzed asymmetric hydrogenation of

dimethyl a-benzoyloxy-8-phenylethenylphosphonate

o
(l)I - [Rh(COD),IBF, (1 mol%) il_OMe
P L* (1.1 mol%) pl
A OMe T . OMe
OBz H, (1 x10°Pa) OBz
CH,Cl,, rt, 24 h
4a 5a
Entry Ligand S/C Conversion"( % ) Ee"(%)
1 (S,,S,)-PEAPhos 2a 100 >99 91
2 (S,,S,)-PEAPhos 2b 100 >99 >99
3 (S,,R,)-PEAPhos 3 100 >99 41
4 (R,,R,)-THNAPhos 1 100 >99 >99
5¢ (S,,S,)-PEAPhos 2b 5 000 >99 90
6° (R,,R,)-THNAPhos 1 5 000 <10 ~4

a. Conversion was determined by GC or 'H NMR.

a
b. Ee were determined by HPLC on a chiralpak AD-H column.

[«]

A H, pressure of 5 x 10° Pa.

&

Not determined due to low conversion.
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Table 2 The effect of reaction conditions on the Rh-catalyzed asymmetric hydrogenation of

dimethyl a-benzoyloxy-8-phenylethenylphosphonate

0 OMe [Rh(COD),IBF, (1 mol%) (l)I/OMe
= P:OMe L* (1.1 mol%) . WP\OMe
mz H,, solvent, rt OBz
4a 5a
Entry Solvent ~ H, pressure ( 10°Pa)  Reaction time (h) Conversion*( % ) Ee" (%)
1 CH,Cl, 1 24 >99 >99
2 THF 1 24 89 56
3 MeOH 1 24 >99 99
4 Toluene 1 24 - —c
5 CH,Cl, 0.1 24 >99 >99
6 CH,Cl, 2 24 >99 99
7 CH, Cl, 1 1 85 >99
8 CH,Cl, 1 12 98 >99

a. Conversion was determined by GC or 'H NMR.

b. Ee were determined by HPLC on a chiralpak AD-H column.

c. Not determined due to low conversion.
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Table 3 Rh-catalyzed asymmetric hydrogenation of a-enol ester phosphonates with (S,,S,)-2b

o
9 one [Rh(COD),IBF, (1 mol%) 0 onte
P L* (1.1 mol%) 5 PJ
R/\/ o - R/Y OMe
OnE H, (1 x 10° Pa) OBz

CH,Cl,, rt, 24 h
5

Entry Substrate (R) Conversion*( % ) Selectivity*( % ) Ee’ (%)
1 4a; R =H >99 >99 >99
2 4b: R = Me >99 >99 >99
3 4c: R = Et >99 >99 99
4 4d: R = n-C, H,, >99 >99 99
5 4e: R = 2-CIC,H, >99 >99 >99
6 4f; R = 3-CIC H, >99 >99 97
7 4g: R = 4-CIC,H, >99 >99 >99
8 4h; R = 4-NO,CH, >99 >99 99
9 4i; R = 4-FC,H, >99 >99 98
10 4j: R = 4-BrC.H, >99 >99 95
11 4k: R = 4-MeOC,H, >99 >99 96
12 41; R = 1-naphthyl >99 >99 99
13 4m: R = 2-thiophenyl >99 >99 93

a. Conversion was determined by GC or 'H NMR;

b. Ee was determined by HPLC on chiralcel OD-H and chiralpak AD-H.



56 1

W1 IRGE . IR ZMeAT A BT PR -SSR P AT Rh- AL oo ST TR I R R F) AN X AR S A Bz AP B4 0 491

34 i

FEATTRE FRAN 48 e A3 A 1) TP ol - IV 1l 1k e i
P& PEAPhos HIF Rh-fi Ak oo~ I G 1B 1R I 1) A
XIREACNL. BFFEEE RS, TEIZZE AR (S) -
HULFERI(S) -FFHOE TR RS 7Y H SRR
JiF AR RO S, IR R AR (S, ,
S,)-PEAPhos 2b {75 ) fic i I SL A Bk, 5 H
4 8 B RICR f 4 19 (R, , R, ) -THNAPhos 1 # 1L,
(S.,S,)-PEAPhos 2b 75 H 28 R0 14 % it 32 % K%
SR R MEALTE P, HAA BUSCAR BEAR. FE LAY 2
. (S.,S,)-PEAPhos 2b/Rh fi{L 7 REAEIL— F 51
B-77 FEAN B-Re FBUR Y o-Jd BERR B ER TR 1Y 2 AL, =
Y ee (HE15>99% ee, S/C ik 5000, X&H
A LRSS PR A S P A ) e Ay v S5

45

S 3k

[1] Drescher M, Li Y-F, Hammerschmidt F. Enzymes in or-
ganic-chemistry 2. Lipase-catalyzed hydrolysis of 1-acy-
loxy-2-arylethylphosphonates and synthesis of phosphonic
acid analogs of L-phenylalanine and L-Tyrosine [ J]. Tet-
rahedron, 1995, 51 4933-4946

[2] Groger H, Hammer B. Catalytic concepts for the enanti-
oselective synthesis of alpha-amino and alpha-hydroxy
phosphonates [J]. Chem. Eur. J. , 2000, 6; 943-948

[3] Kolodiazhnyi O I. Asymmetric synthesis of hydroxyphos-
phonates [ J ]. Tetrahedron; Asymmetry, 2005, 16;
3295-3340

[4] de Vries J G, Elsevier C J. The Handbook of Homogene-
ous Hydrogenation [ M]. Weinheim: Wiley-VCH, 2007

[5] Burk M J, Stammers T A, Straub J] A. Enantioselective
synthesis of alpha-hydroxy and alpha-amino phosphonates
via catalytic asymmetric hydrogenation [ J]. Org. Lett. ,
1999, 1. 387-390

[6] Gridnev I D, Higashi N, Imamoto T. Interconversion of
monohydride intermediates in Rh(T)-catalyzed asymmet-
ric hydrogenation of dimethyl 1-benzoyloxyethenephospho-
nate [J]. J. Am. Chem. Soc. , 2001, 123 4631-4632

[7] Gridnev I D, Yasutake M, Imamoto T, et al. Asymmetric
hydrogenation of alpha, beta-unsaturated phosphonates
with Rh-BisP % and Rh-MiniPHOS catalysts: Scope and

Proc. Natl. Acad. Sci.
U.S. A. , 2004, 101 5385-5390

[8] Liu H, Zhou Y-G, Yu Z - K, et al. Efficient catalytic

mechanism of the reaction [J].

9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

asymmetric  synthesis of alpha-substituted  pheny-
loxyacetyloxy and aroyloxy phosphonates [ J]. Tetrahed-
ron, 2006, 62, 11207-11217

Rubio M, Suarez A, Alvarez E, et al. Highly enantiose-
lective hydrogenation of enol ester phosphonates catalyzed
by rhodium phosphine-phosphite complexes [J]. Chem.
Commun. , 2005, 628-630

Rubio M, Vargas S, Suarez A, et al. Tuning of the
structures of chiral phosphane-phosphites: Application to
the highly enantioselective synthesis of alpha-acyloxy
phosphonates by catalytic hydrogenation [ J]. Chem.
Eur. J., 2007, 13. 1821-1833

Zhang 7, Tamura K, Mayama D, et al. Three-hindered
quadrant phosphine ligands with an aromatic ring back-
bone for the rhodium-catalyzed asymmetric hydrogenation
of functionalized alkenes [ J]. J. Org. Chem., 2012,
77. 4184-4188

Konno T,Shimizu K, Ogata K, et al. Rhodium-catalyzed
enantioselective hydrogenation of unsaturated phospho-
nates by click ferrophos ligands [J]. J. Org. Chem. ,
2012, 77 3318-3324

Zhang J, Dong K, Wang Z et al. Asymmetric hydrogen-
ation of alpha- or beta-acyloxy alpha, beta-unsaturated
phosphonates catalyzed by a Rh(1) complex of monoden-
tate phosphoramidite [ J]. Org. Biomol. Chem. , 2012,
10 1598-1601

Wassenaar J, Reek J] N H. Asymmetric hydrogenation of
enamides, alpha-enol and alpha-enamido ester phospho-
nates catalyzed by indol Phos-Rh complexes [ J]. J.
Org. Chem. , 2009, 74 . 8403-8406

Wang D-Y, Huang J-D, Hu X-P,et al. Readily availa-
ble chiral phosphine-aminophosphine ligands for highly
efficient Rh-catalyzed asymmetric hydrogenation of alpha-
enol ester phosphonates and alpha-enamido phosphonates
[J]. J. Org. Chem. , 2008, 73. 2011-2014

Wang D-Y, Hu X-P, Huang J-D, et al. Highly enantio-
selective synthesis of alpha-hydroxy phosphonic acid
derivatives by Rh-catalyzed asymmetric hydrogenation
with phosphine-phosphoramidite ligands [ J]. Angew.
Chem. , Ini. Ed. , 2007, 46. 7810-7813

Huang J-D, Hu X-P, Duan Z-C, et al. Readily available
phosphine-phosphoramidite ligands for highly efficient
Rh-catalyzed enantioselective hydrogenations [ J]. Org.
Leit. , 2006, 8. 4367-4370

Schenck T G, Downes J] M, Milne C R C,et al. Bimetal-
lic reactivity-synthesis of bimetallic complexes containing

a bis ( phosphino ) pyrazole ligand [ J]. Inorg. Chem. ,



492 72N S (i 4 26 %

1985, 24 2334-2337

Rh-Catalyzed Asymmetric Hydrogenation of a-Enol Ester
Phosphonates with 1-Phenylethylamine-Derived Phosphine-
Phosphoramidite Ligands

HU Juan, WANG Dao-yong, ZHENG Zhuo* , HU Xiang-ping "
( Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)

Abstract: A series of phosphine-phosphoramidite ligands derived from commercially available, inexpensive chiral
1-phenylethylamine were employed in the Rh-catalyzed asymmetric hydrogenation of various o-enol ester phospho-
nates. The results indicated that the ligand (S,,S,)-2b bearing a Me-group on amino moiety exhibited similar
enantioselectivity but superior catalytic activity to (R,, R,)-THNAPhos. Excellent enantioselectivities (up to >
99% ee) and high catalytic activity (S/C up to 5 000) have been achieved in the hydrogenation of various B-alkyl
and B-aryl substituted substrates, demonstrating the high potential of this phosphine-phosphoramidite ligand in the
preparation of optically active a-hydroxyphosphonates

Key words: asymmetric catalysis; rhodium; phosphine-phosphoramidite ligand ; a-enol ester phosphonate ; hydro-

genation

(o FEHL)EIT

(T 2 P R BE 22 HAL AW BT TSR T . P BB A8 | Bhas Rt H R g ] P 470
RIFEATHAARMETIY o EEAREA 70T HEALTT T ol 2R S WF TS OR o R 2 AR ST WHFE Tl . oF
FEPAR ML G RIESERE H o WA E TRCOZAEAL . BEMEAL . SehfiEtl | AL R b Bsc Al Tt | AL
RS2 Fy2f | HEAGTR 2 00 A4S BT 58 S it A A AE A=A B P 8 B 55 o Ml A A i 7 v A 33 A AR
7 A R AR AR | A A B AR S5 S AL . RIS MIFEAE 5 T8 AL e A i A 590 ) I 3 5
FALSFETT A, AT HGE . 380 R 2R BRI AL R T foll AL TAR R A B L
FUE | R ARBERIL S AR AL T AR A

(o FAEAL) BB IEA~A 3T (CA) L RP W ib~a 30 . P Rk 5 | SO [ Al ST B 18
HA 2 AR ISR A A TS A% T P AR SR B P e o (o3 ) B9 € P SR OB I 2E L BED) 1Y
HA A O S0 PRI R [ RHEAZ I T o 8 SRR BB A H 7 4 Bk 22 D0 75 0 1) = 2 R AR 5 B 1™ 2

o TEA) XA T, B AR, K 16 JPAS, 2916 J1°7, AEM 20. 00 Jo, bR E TS -
ISSN 1001-3555/CN 62-1039/06

WG B, MG A o



