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Asymmetric hydrogenation of methyl-2-acylamino-3-arylacrylate
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Abstract By using (.S) -MonoPHOS and [ Rh( COD) , |

methyl-2-acylamino-3-arylacrylate and the effect of different amino protective groups on hydrogenation efficacy

BF, as catalyst, the asymmetric hydrogenation reactions of

were studied. The products resulting from asymmetric hydrogenation were hydrolyzed by hydrochloric acid, and the

corresponding amino acids were obtained at yields of 63% —92%.
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COMe CO,Me CO,H o CO,H
NHCOR H, NHCOR NH, -HCl NH,
1 2 3 4
1-4 1-2
Ar R
a Ph CH;
b Ph Ph OO
¢ 4-NO,C(H, CH;, 0.y
4-NO,C¢H, Ph o\

d

e 4-MeOC¢H, CHj;
f 4-MeOC¢H, Ph
g 3-MeOC¢H,; CHj;
h 3-MeOC¢H, Ph
i 4-BrCgH,  CH;
j 4-BrC¢H, Ph

Scheme 1  Synthetic route of D-phenylalanine and its derivatives

1 SEIREsH

L1 A% LK

P680 i AH 015 A% ( 36 H # & A F] ) ; GC-2014
SABETEA( H A B HA A ) 5400MHz A% % L4 ik
A (R LR AT .

fE& % 1 45 B8 STk 97 =57 # 4. [ Rh
(COD), |BF, (R ) . (S)-MonoPHOS } 4 fi
MonoPHOS $5 8 3C ik 7 o il 461, — 50 e by
CaH, ZbHLFZ= 1811, HoAth I i 0]
1.2 RAFARAER G R AL -S4 2

TEREAR4F T, %) Schlenk 847 ICK TG
SN, AL Rh(COD), | BF, 40 mg(0. 1 mmol),
EBCAA (S) -MonoPHOS 79 mg(0. 22 mmol) , i<, &
3 ~5 W AR EIMA S A BRI 7 A H
Bt S mL A, HEHE 10 min J56H. BRE SON [F)
FEIC/K TG SE AL #R S A 10 mmol JIEH) 1 (a ~j) Fi
ey B E S A3 UG RE A ZE M BE 25 mL
VA, ] — U B TS gl FB T AR 28 5 L
I AR R S5 AR 5
07 6 U2 i A g S CHERR 2 R = 1L R S
BB AR B, mai R GESL B 5 K, B a
A S5 S35 20 bar(1 bar =0. 1 MPa) |, fii F:IF
AT O 20 h SR AU IR RO, B
IO YRR R 250 00 I A i g B [ RE R, A T k- &
MR MR, 1111538 fkaY 2(a~j) .

b4 2a IEK 2%, [ o]y = —100.8° (¢
1.0, CHCL, ), k™ [« ]2 = -99.3° (¢ 1.0,
CHCL,) ,"H NMR (400 MHz,DMSO-d,) &:1.79(3H,
s),2.84 ~3.03 (2H, m),3.59 (3H,s) ,4.42 ~4.47

L = (S)-MonoPHOS

(1H,m),7.20 ~7.30(5H,m),8.35(1H,d,J =7.6
Hz)

b4 2b E 9%, [aly = —60.1° (¢
0.50,CH,CL,) ,3Cik! 'S #%[ « ]} =70.5°(¢ 0. 57,
CH,Cl,) ,'"H NMR (400 MHz,CDCl,) §:3.21 ~3.33
(2H,m),3.77(3H,s),5.08 ~5.12(1H, m) , 6.57
(1H,d,J =7.2 Hz),7.12 ~7.15(2H, m) ,7.24 ~
7.32(3H,m),7.41 ~7.45(2H,m) ,7.49 ~7.53(1H,
m),7.72 ~7.74(2H,m) ;°C NMR (100 MHz,CDCI, )
8:172.0,166.8,135.8,133.9,131.8,129.3,128.6,
127.2,127.0,53.5,52. 4 ,37.9,

e 2e INE98.5% , [a]l = —13.3° (¢
1.O,EOH), Lk S ## [ ]2 = +15.1° (¢
2.10,EtOH) ,'"H NMR (400 MHz, CDCl,) & :2.02
(3H,s),3.16 ~3.33(2H,m) ,3.76 (3H,s) ,4.91 ~
4.96(1H, m),6.01 (1H,d,J =7.2 Hz),7.28 ~
7.31(2H,m) ,8.15 ~8.18(2H,m) ;" C NMR (100
MHz, CDCL, ) & : 171.5, 169.6, 147.1, 143.8,
130.1,123.7,52.8,52.7,37.8,23. 1,

i 2d WE96.3%, [alh = —69.9°(c
1.0,CH,Cl,) .,"H NMR (400 MHz,CDCl,) §:3.30 ~
3.49(2H, m),3.80(3H,s),5. 11 ~5.16 (1H, m),
6.67(1H,d,J =6.8 Hz),7.30 ~7.34(2H, m),
7.44 ~7.48(2H,m),7.52 ~7.56 (1H, m) ,7.73 ~
7.75(2H,m),8.14 ~8.17(2H,m) ;" C NMR ( 100
MHz,CDCl,) §:171.5,166.8,147.2,143.8,133.4,
132.1,130.3,128.8,126.9,123.7,53.3,52.8,37. 8.,

it 2e UNE98.8%,[all = —24.2°(¢
1.0,EtOH) , SCik ™ S #y [ ] = +23.3°(c 1.0,
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EtOH) ,'H NMR (400 MHz,CDCL,) §:1.98(3H,s),
3.00 ~3.11(2H,m) ,3.73(3H,s) ,4.82 ~4.86(1H,
m),6.09(1H,d,J=7.2 Hz) ,6.80 ~6.84(2H,m) ,
6.99 ~7.28(2H,m) ;" C NMR (100 MHz,CDCL,) §:
172.1,169.6,158.6,130.1,127.7,113.9,55.1,53. 2,
52.2,36.9,23.0,

b 28 ULE99.3% , [ ]l = —105.2°(¢
1.0,EtOH) ,'"H NMR (400 MHz, CDCL,) §:3.15 ~
3.26(2H,m) ,3.77(3H,s),3.78(3H,s) ,5. 03 ~5.08
(1H,m) ,6.59(1H,d,J =7.6 Hz) ,6.81 ~6.85(2H,
m),7.03 ~7.06 (2H,m),7.41 ~7.53(3H, m),
7.72 ~7.74(2H,m) ;" C NMR (100 MHz, CDCL,)
5:172.1,166.7,158.7,133.9,131.8,130.3, 128.6,
127.7,127.0,114.0,55.2,53.6,52.4,37.0,

febin 28 K 94.5%, [l = -96.2° (¢
1.0,CHCL,) , SCHk ™ S By [ 13 = +88.4°(c 1.0,
CHCI,) ,"H NMR (400 MHz,CDCl,) §:1.99(3H,s),
3.03 ~3.14(2H,m) ,3.74(3H,s) ,4.86 ~4.90(1H,
m) ,6.05(1H,d,J=7.6 Hz) ,6.64 ~6.69(2H,m) ,
6.77 ~6.80 (1H, m),7.20 (1H,t,J =7.8 Hz);
“C NMR(100 MHz, CDCl,) §:172.0,169.6,159.6,
137.3,129.5,121.4,114.9,112.3,55.1,53.0,52. 3,
37.7,23.1,

a4 2h UL 99.3% , [a ]l = -60.5° (¢
1.0,CH,Cl,) .,'"H NMR (400 MHz,CDCL,) §:3.18 ~
3.30(2H,m) ,3.73(3H,s),3.77(3H,s) ,5.06 ~5. 11
(1H,m) ,6.64(1H,d,J =7.6 Hz) ,6.67 ~6.81 (3H,
m),7.20(1H,t,J =7.8 Hz),7.40 ~7.43(2H,m) ,
7.48 ~7.52(1H,m),7.72 ~7.74(2H, m) ;" C NMR
(100 MHz, CDCl,) §:172.0,166.8,159.7,137.3,
133.8, 131.7, 129.6, 128.6, 127.0, 121.6, 114.8,
112.7,55.0,53.4,52.4,37.8,

b2 #E 6% ,[all = -93.2°(¢ 1.0,
CHCLy), SC k'™ S # & [« ]y = +79° (¢ 1.0,
CHCI,) ,'H NMR (400 MHz,CDCl,) 8:1.99(3H,s),
3.02~3.15(2H,m) ,3.73(3H,s) ,4.85 ~4.89(1H,
m),6.00 (1H,d,J =6.8 Hz),6.97 (2H,d,J=8.4
Hz),7.41(2H,d,J =8.4 Hz) ;" C NMR (400 MHz,
CDCl,) §:171.8,169.6,134.8,131.6,130.9,121. 1,
52.9,52.4,37.2,23. 1,

ey 2 WEIT.2%,[all = -71.5° (¢

1.0,CH,CL,) ,'"H NMR (400 MHz, CDCl,) §:3.15 ~
3.29(2H,m),3.77(3H,s),5.05 ~5.10 (1H, m)
6.66(1H,d, ] =6.8 Hz),7.00(2H,d,J =8.4 Hz),
7.40 ~7.54(5H,m),7.72 ~7.74(2H,m) ;” C NMR
(100 MHz, CDCl,) §:171.8,166.8,134.9,133.6,
131.9, 131.6, 131.0, 128.6, 126.9, 121.2, 53.3,
52.5,37.2,

1.3 D-K &R R AT A Moy 4 &

KAk 49 2a 1. 10 g(5 mmol) A 50 mL [y 811
BB, A ER IR 20 mL, hin K [l 3t [ )i 6
h, 2 J5 3B & 2 42 10 R 1R FlOK 4345 31 1 2 [
T TR ARRSA HUS INATE K L 10 mL Al L, 2-3F
A NE 15 mL 60 °C 4 S W 75 21 1 €045 A R [
R RH EF )G U8, JoK SRR, T, 15 3
P [ {4 4a 0.74 g, I % 89.6% , mp 274.2 ~
276.4 C, [a]}l = +33.6°(c 1.0,H,0) , 5255 %
M 99.9% ee, LN AT [ ]y = —35°(c 1.0,
H,0);'H NMR(400 MHz,D,0) §:3.12(dd, J =
8.0 Hz,14.2 Hz,1H),3.29(dd,J =4. 8 Hz,14.8
Hz,1H),3.98 ~4.01 (m,1H),7.32 ~7.36 (m,
2H),7.38 ~7.45(m,3H) ;" C NMR (100 MHz,
D,0) §&: 176.8, 137.9, 132.2, 132.0, 130.6,
58.9,39.2,

FERER T 15 3651 4d de dg Fl 4j,

b d4d PR, ICE 63.3% ,mp 236.5 ~
238.4 C,[a]l = -8.1°(¢2.0,1 mol/L HCl) , 3C
B T al® = —7.9°(c 2.15,1 mol/L HCl),
'"H NMR (400 MHz, D,0 + HCl) §:3.37 (1H, dd,
J=7.6 Hz,14.4 Hz),3.48 (1H,dd, J =5.6 Hz,
14.4 Hz) ,4.42(1H,t,J =6.6 Hz),7.55(2H,d,
J=8.8 Hz),8.24(2H,d,J =8.8 Hz);"” C NMR
(100 MHz, D,0 + HCl) §:171.0,147.1,142. 1,
130.4,124.1,53.6,35. 3,

bty de  FAEA, % 74. 3% ,mp 259.2 ~
261.4 °C,3e [ a]® = +26.4°(¢ 0.51,H,0), X
B 97% ee, [ ]y = +27.5° (¢ 0.51,H,0),
"H NMR (400 MHz, D,0 + HCl) §:3.17 (1H, dd,
J=7.6 Hz,14.8 Hz),3.29 (1H,dd,J =5.6 Hz,
14.8 Hz) ,3.83(3H,s),4.29(1H,t,J/ =6.6 Hz),
7.01(2H,d,J =8.8 Hz),7.27 (2H,d,J =8.8
Hz) ;" C NMR (100 MHz, D,0 + HCl) §:171.5,
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158.3,130.6,126.3,114.5,55.2,54.2,34. 7,

tebdh 4g  HERER, IR 92.7% ,mp 155.2 ~
157.4 C,3g M[ o] = +5.1°(¢ 0.50,H,0) , 3¢
Bk 97% ee, [a], = + 5.05°, '"H NMR(400
MHz,D,0 + HCl) §:3.19(1H,dd,J=8.0 Hz,14.4
Hz),3.33 (1H,dd,J =5.6 Hz, 14.4 Hz),3.83
(3H,s),4.30 ~4.33(1H, m),6.91 ~6.99 (3H,
m),7.37(1H,t,J =7.8 Hz) ;" C NMR (100 MHz,
D,0 + HCl) §:171.5,159.1,135.6,130.4,122.0,
114.8,113.3,55.2,54.1,35.5,

et dj  HEAREER, SR T1.6% ,mp 262.6 ~
264.4 C,[a]}l = +1.45°(¢0.98,1 mol/L HCI) , 3¢
B [ «l, = +1.4°, "H NMR (400 MHz, D,0 +
HCl) 6:3.18 (1H,dd, J=7.8 Hz, 14.6 Hz),3.31
(1H,dd,J =5.4 Hz,14.6 Hz) ,4.27(1H,t,] =6.6
Hz),7.23(2H,d,J =8.0 Hz),7.58 (2H,d,J =8.0
Hz);" C NMR (100 MHz, D,0) §:171.6,133.2,
131.9,131. 1,121.2,54.1,35.0,

2 ZER5ITE

2.1 a,B-FRiadfe R IR B 49 R xR &AL

JEY 1 RIS ee AR 1o dZk 1 AlAl,
LG 1a ~ 15 B TAXFRfiefl A A Ak 58 4
FEAL ] P21, IE L 92% ~99. 3% BN A AR AGH I
=40 o

Table 1 Asymmetric hydrogenation of substrate 1

No. Substrate Product Conversion % * ee/ %"
1 la 2a 100 95.5
2 1b 2b 100 87.3
3 1c 2¢ 100 86.3
4 1d 2d 100 100°¢
5 le 2e 100 92.7
6 1f 2f 100 92.3
7 1g 2g 100 97.4
8 1h 2h 100 93.7
9 1i 2i 100 95.1
10 1j 2j 100 96. 6

a:Conversion was detected by GC or HPLC; b: HPLC, Daicel AD-H,
Hexane-Isopropanol (90:10),1.0 mL/min,A =230 nm;c:Chiralcel OD

H1e 1 Jd s oA T LUK I, AL R PR AP D
HIBESEAY IS4 10 1F 11 1h 1, 2R FRfiEfL S ik
FIAG I ee (HHL I TRAP I S BEFL ) IEY)
1a e F1 1h WA, MifL 54 1d 71 1) LA XIFRApEAL
SALIAT =1 ee (EAELAL G P 1e A 1 205, e

FIE A9 2d [ ee (H 5 100% , 9 8 5 LAY
2¢ [ ee fHo LA UL BIR Y 2-Mk 22 5-3-05 3L 0 M
i FH ER 2R AL A W A SE I PR3 AN ) e Ak
HAW WS, 2505 & A 45 i 120 (anfk
A 1e 1f 1g 1h) , SIEH LR 5L C L1 2-
Mt 56305 LN I R BRIk & 0, Al fb 45 SR g
T RS IO R BRI R . M ESA
W FIEET Ak A9 1e 1d 1 A1), 2 3L
IR CBEFE IR, A A ES AR T I
SR BRI
2.2 D-F R RBRBRIATE MG A R,

2T 3-SR IR R ER b & 1 &R
MR EAAF B A 2 J5 , H I ee (AR 45 5
&) 2a 2d 2e 2g T 2j 144 TR TE MR R
R IR AT KA RG22 1, 2- IR A IS Be Bk L Eh R 3,
PL63% ~92% WRAT EIAHR I D-2K N 2R M HAT
AW, I X LA ¥ 2 0k A R S R AT TR
fiEo BFASEI0 D-2R N 2002 B HATT A Wy Ot 2F 5 ai

A TR AR A
3 B &

ARMFFE AAS ) S SE R S 1) 2- 5k 42 3k -3- 05 3k
PR TR G IVE R IRY) , AR PRl = A
R, 2-Ph A HE-3- 5 R R W R S P B
TRAPEERAS R XA X R A A W . S A )
ZIK IR SR, L) 63% ~92% WY ZE A5 5] D-2E
R NHATAEY) . AW DUG el st 6 s
2Ll B D-2R TN 2R B AT AR P it T AR R
IS %
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