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Fig. 2 The chiral diphosphite ligands derived from D-manntiol
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1) WHEEER 4 195 L

=N, K4 F, M 100 mL Schlenk 3 /7 Jim A
279.3 mg 2,2"-WR My, FIHZR (5 mL x 3) 2L BR
K3, A 10 mL HIORBEPERS R, SR 5 2202
Br7En) PCL(3.8 mL), JWAE 110 C i 3 h, £
WZIZHT (TLC) R IR B )2 Ny 56 4, FEFLAS Tl
TR Y PCL, A3 80 @ PRy, SR)5 itk

Et;N/DMAP
CH,Cl,

R X LR L BT, SERAEL, 1R
TERIZ&AE T R HIBLHR 1a/Rh (1) AEAGH], XHF a-
il S TR R AT AR B AN X RR A AL, AT AR 1R
63. 1% ~85.6% HIRFWELEPENE. X RAMEALT 9 KR
AR KRR T - @RI A e i T —Fp i i, A
RT3

1 LI ERS

1.1 Rt F

I RN X4 B B 7R GO RO E A et
Y : PerkinElmer, Model 341 LC; #4241 : Bruk-
er AM 400 M; =53 915i%{Y : Bruker Daltonics micr
OTOF-Q I ; “AHEIEIL: Sk Acme 6100, (4 3EAE
>4 Chiralsil-L-Val ##:(25 m x 0.25 mm [. D. x 0.25
pm film thickness) ; A, LERCHR, WA, U
Wem, FEE, @M, NI, PEREIL AR E
PP 23 R0 D] 2 K g 2 D <6 s i/ — A R D, R0
AT ZEM AW B Cal, |, AAURT 21
I R A%/ el i, R0 Z8 00 PRI e el
R 171 ﬁ}ﬂ%mﬁﬁﬁaﬁ'?@):%w [Rh
(COD), I BF, #53CHR[26 ] 07 kil 45 ol A

P S5 W SCHR [ 27-31 ] 07 12311 45

1.2 FHTBRRESELAR 1a-1c 0 2a-2c AR

FLiA 1a-1c i1 2a-2b ([ 2) B & S % AT
WARFSE TAE ™, Sl D-H 55 WA A 4 A S 3L 7
PR S — ks ROV AT 5 B 07 {6 5 O~ # 4T 1A 1a-1e
il 2a-2b. Hi BT tropos FLAA 2¢ 1 HAA G AL BR
W

AR AR 2R (10 mL) , ECa8 fliBR R,
HAEAE 3 K, DMERR R PCL, FHEE 2
— Schlenk JiiHh, 25T, Y0 R4, #
FURAF T 58 R UMY Schlenk JiH, AR alifl %
AT IEEBARAA K. P NMR: § 180. 17 ppm.

2) 1,2.5,6-di-O-cyclohexylidene-3,4-bis[ 1,1’ -
biphenyl-2,2” -diyl | phosphite-D-mannitol ( 2¢ ) Fit {4 f%)
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FR1,2:5,6-000.3F C F-D-H # % 3 (206 mg,
0.6 mmol ) F1 4-— H Z FL ik ¥ DMAP (14. 6 mg,
0.12 mmol) F 100 mL % Schlenk 5, B2 T-H24
4h, T5mL @ ErhEfE, BT-15 °C ik
W, I A T S 4 (376. 8 mg,
1.5 mmol) 1) 5 mL W Keinwk, Wik e, %
MBI = % 0.34 mL, JFORFE-15 CJ i 0.5 h,
SRIGTEZR T OV 1 b, A, A 15 mL
R i b, o208, BRkss, M2 ha0E, 15
FIFA 2¢, 241 mg, YK 52.2%. Mp. 53 ~55 C;
(o], = +4.4 (¢ 0.32, CH,ClL,);”P NMR (161
MHz, CDCL ): & 152. 51; 'H NMR (400 MHz,
CDCL,): & 1. 36-1.45 (m, SH), 1.59-1.71 (m,
15H), 4.03 (dd, J = 5.4, 8.7 Hz, 2H), 4.10 (dd,
J=6.2,8.7Hz, 2H), 4.40 (dd, J = 6.0, 12.7
Hz, 2H), 4.63 (t, J = 8.7 Hz, 2H), 7.14-7.18 (m,
3H), 7.22-7.28 (m, 6H), 7.32 (id, J = 1.8, 7.7
Hz, 3H), 7.41-7.46 (m, 4H); "C NMR (100 MHz,
CDClL,): 6§ 23.8, 24.0, 25.2, 29.7, 34.6, 36. 4,
66.5,73.9, 75.8, 110.3, 122.1, 125. 1, 128. 2,
129.0,129.1, 129.8, 137.9, 149.1, 149.2. ESI-MS;
793.2 (m/z + Na).
1.3 a-Fi S S EBREEITEWH A RIWL

TEFEH R W FEFAN, K[ Rh(COD), | BF,
(1.01 mg, 0.0025 mmol ) FITF-PEA4 (0.0025 x 1.1
mmol ) LA 10 mL {4 Je W& H, 783 I T IATCK
TAEMEE 2 mL BERERC S 1 b, R AR R AR A
RERR TR TR ISR b, Dbkt REH
B VIRA YR E ARSI T, 2%
REHMWK, AEHR3 REARAZLRRE K
1. AEFEI RSN 15 h, iR, i Rk
Mtk S L4 GC-MS il g # 1%, GC
X B PEE.

2 BRIt

2.1 FRERfFE

PA[Rh(COD), | BF, M LRI 1A, 7€ 3 MPa
AR, R A B, K TRk A
1-2 N HF a-Z 208 PR R R 5a Fl a- 25k 2
FHEERR TG 5b A FRA A, 2R T £ 1
. 25 R TR B Y R B[R] L AR S LT

R 1 EEEAN o i S S EBREE S BRIEF RN
Table 1 Effect of ligand structure on the enantioselectivity

for the hydrogenation of a-dehydroamino acid esters

H  COOMe H COOMe
[Rh(cod),]BF,, Ligands B
NHCOR; NHCOR,;
H,, Solvent, RT
5 6
a: R; = CH;
b: Ry =Ph

Entry  Substrate Ligands  Conv. */% ee"/% ( conf. )

1 5a 1a >99.9 85.6(5S)
2 5a 1b >99.9  71.9(R)
3 5a 1c >99.9  61.4(R)
4 5a 2a >99.9  43.6(R)
5 5a 2b >99.9 38.8(S)
6 5a 2¢ >99.9  64.6(R)
7 5b 1a >99.9 74.5(S)
8 5b 1b >99.9  69.0(R)
9 5b 1c >99.9  67.5(R)
10 5b 2a >99.9  54.8(R)
11 5b 2b >99.9 47.5(8)
12 5b 2¢ >99.9  69.1(R)

Reaction; [ Rh(cod), ] BF, 0.0025 mmol, ligand/Rh=1.1,
substrate/Rh=100, P(H,)=3 MPa, CH,Cl, 2 mL, RT, 15 h.
a. The conversions were determined by GC-MS.

b. The data on enantiomeric excess were measured by GC
with Chiralsil-L-Val column (25 m x 0.25 mm x 0.25 pm
film thickness). The absolute configuration of the products

was determined by comparison with authentic sample.

HKRT 99.9%. &A 1,2:5,6-3 57N L-D-H 57 HE
HARIE A 1a X o- £ 19 2 5 P FERR 1 G Sa i &
AL Bl e PR 3K 85. 6% (S) (entry 1). 24
S (S)-BRZEAE BRI LR 1b B, Sk S B ) %F
WRIEFEMEA FTREAR, D9 71.9% (R) (entry 2). i
A Te S FHICAR LA 2h 4 1 LA 1a BYBRZR R4y, X
WREPENE 35 FRAR, 25t 61.4% (R) (entry 3).
AAEHIE 1,2:5,6-30W 3 4 5E-D-H #8 BE & 4L 1Y ic
K 2a F1 2b I, A5 45 A X L2 £V (entries 4
and 5), 77 H| N 43.6% (R) ee 138.8% (S) ee,
FARE A P A B4 1) S TCAA 1a 11D 7 A
B, PR B AN B4, A RE R T H R T
PR B SR A AN [F] e JY) T2 A TR AR A P e AR
2¢ 4711 64.6% (R) ee (entry 6). KX SERCLIAH] T
Y Sb AR FRE AL, BLAA 1a BTG 74. 5% ee
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(S) (entry 7), MHA (S)-BEZEEH WELAK 1b i
SRS T 1a, 69.0% (R) ee (entry 8). EH A
1,2:5,6-0UEFR C BE-D-H 25 B5-5 2L Y BL A 2a F1 2b
GralZatt 54.8% (R) F47.5% (S) BYXT Ik £
(entries 10 and 11), & A B4 5L Y BCAA 2¢ 313
69.1% (R) ee (entry 12 vers 9). M _EIRZERAMEE
th: ACiR 1a B FPER2R S (R)-BRZE L A1 2 DL id 4H
By SECAR 2 AHEL, B 1 SR B B S SRS T R
J75 WeAR 1a Fl 1b LUK iA 2a Fi 2b FHEZE T 14
HRSE TR AL, TN TR e 1 2¢, E4L )
(AP S Os S B W NS SR s gt = 2
2.2 Ry A3 SAK I R B R 0

K HIBCIA 1a, ZE 7R RV AR T a-&
Pk BE IR T T Sa A XS FRAE AL S AL Ry 2 m, 25
BT 2 . BIFE & BUAS [R1 3 5700 X6 S e o) ke 13
PEMEZ AR, LA R Ge s, &k S iy
ee {H4 85.6% (entry 1), 24 I B HIN i 4
FNEF, SR B R B BTG, 4051 56% Fil
67.2% (entries 2 and 3) , T 243% F VU =W Mg ( entry
4) RIS, S KA, X E R T
FLEH A i A B i 2. W), FRATT 5 %8 T IR

R2 RREEG o ZEIRE AR RS Sa RFREMWHIRN
Table 2 Effect of reaction conditions on the hydrogenation

of compound Sa

H__ COOMe H COOMe
C;_< [Rh(cod),]BF,, 1a Cg_S
NHCOCH; ——— % "5 NHCOCH;
H,, Solvent,RT
Sa 6a
Entry  Sub./Rh.  Solvent Conv.*(%) ee(% )/ (conf.)"
1 100 CH, (L, >99.9 85.6(S)
2 100 MeOH 80 56(S)
3 100 Acetone >99.9 67.2(S)
4 100 THF nd nd
5 50 CH,Cl, >99.9 93.5(S)
6 500 CH,Cl, >99.9 75.5(S)

P 5 AT o380 T AL A X W R 1 52
M. FRATABL, B B 5 AL Y F A v 2
500, Ak A S F T B e R 1R I A AR, 29
75.5% (entry 6). 4 NEHI S AT L3R FE
50 B, AL A SN i R B R, ee (AT
1£93.5% (entry 5).
2.3 RERMHER

TERACH SR A E T, B AR 1a X 2% Fih i
o1 - S A IL TR TS Sc-5i (b RE, 455291 F
3. GURERY], ol A E IR RIS EIR AL
AR R B X e e R 7 A — ). 26 i
THACHIIEY) Sc I E LT 64.9% ee, XFT 2-if
HAA SRR IR 5 g, S A SO0 X e B e A i
e, k3T 74.9% (entries 5 vers 1). 4-{ Y
FHARHIIE Y 5d -5F, [0 iy 4 ek £ 53 53
67.4% . 63.1% 1 66. 8% (entries 2—4) , T 4-fii fit
ML IR JEE ) Sh A ST, 3 A5 4 1 X e B R
A58 75.0% F176. 8% (entries 6, 7). M2, {F
75 P SR RO 35 A Ak - O R A e ) & Ak
P X8 IR R A P 12 1 AR g A7 DAy A, - BB
BIREY), X5 Zheng %™ i 3H Y45 5 —5K.

x3 - BERERETEVHANRENL

Table 3 Asymmetric hydrogenation of a-dehydroamino acid esters

H___ COOMe H COOMe
1 *
— NHCOCH; M — NHCOCH;
4 H,,CH,Cl,, RT 4
Rz/\ / Rz/\ /
Sc-5i 6¢-6i

Entry Substrate Conv.* (%) ee(%)/(conf.)"
1 R, = 2-Cl (5¢) >99.9 64.9(S)
2 R,= 4-Cl (5d) 599.9 67.4(S)
3 R,= 4-F (5e) >99.9 63.1(3)
4 R,= 4-Br (50) 599.9 66.8(S)
5 R,= 2-OMe (5g) >99.9 74.9(S)
6 R,= 4-OMe (5h) >99.9 75.0(S)
7 R, = 4-Me (5i) >99.9 76.8(S)

Reaction conditions; [ Rh(cod), ]BF, 0.0025 mmol, ligand/
Rh = 1.1, P(H,)=3 MPa, solvent 2 mlL, room tempera-
ture, 15 h.

a. Determined by GC-MS;

b. Determined by GC with Chiralsil-L-Val column (25 m X
0.25 mm I. D. x 0.25 pm film thickness) , and the absolute
configuration of the product was determined by comparison

with authentic sample.

Reaction conditions; [ Rh(cod), ]BF, 0.0025 mmol, ligand/
Rh = 1.1, substrate/Rh = 100, P(H,)=3 MPa, CH,CI,
2 mL, room temperature, 15 h.

a. Determined by GC-MS;

b. Determined by GC with Chiralsil-L-Val column (25 m X
0.25 mm I. D. x 0.25 pm film thickness) , and the absolute
configuration of the product was determined by comparison

with authentic sample.
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Chiral Diphosphite Ligands Derived from D-mannitol: Synthesis
and Their Application in the Rh-Catalyzed Enantioselective
Hydrogenation of a-Dehydroamino Acid Esters

MIAO Xiao'**, LI Hai-feng' , PANG Zeng-bo''>, WANG Lai-lai'* , JIN Yuan
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Betjing 100039, China)

Abstract: A new tropos ligand based on the 1,2:5,6-di-O-cyclohexylidene-D-mannitol and 2,2’ -dihydroxybiphe-
nyl was easily synthesized. And some chiral diphosphite ligands based on D-mannitol derivatives were also pre-
pared. They were all successfully applied to the Rh-catalyzed asymmetric hydrogenation of methyl (Z)-2-acetami-
docinnamate (5a) and methyl (Z)-2-benzoylamidocinnamate (5b). The effect of ligand structure, solvent and the
ratio of substrate/catalyst on enantioselectivity were examined. The stereochemically matched combination of 1,2
5,6-di-O-isopropylidene-D-mannitol and ( R)-binaphthyl was essential to afford 93.5% ee for the hydrogenation of
Sa. Hydrogenation of a-dehydroamino acid esters with electron-donating substituents on the phenyl ring gave higher
enantioselectivity than those with electron-withdrawing substituents, no matter these substituents are at the ortho or
para position of the phenyl ring.

Key words: diphosphites; Rh-complex; a-dehydroamino acid esters; asymmetric hydrogenation
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