5535 B4 12 ¥ @ 4t T Vol.35, No.12
2018 4£ 12 A FINE CHEMICALS Dec. 2018

E255 A RN
2-SRNEBRTIRELNEHF o-2ER

LR, & B, BT, FFR
(FHASE R T%5, 55 8 750021)

WE: UERACRORRS I &mREe, MR & R0 A RO KRR bR, ST 10 4> 2-E A AE
M RBRAACE W) X 2- S FRRERR R IS N ) S5 R T T 858, ik iR S RS M 4544 R : Pd/C (Pd it 43
H10% ) HIECN YRR 30% . FENEH] . INEE T8 3 MPa, it RV &0, o A—3e By
3L (BRFEA . BRI EEREE ) MINEUNL, Lh 76%~89% MR AL T — R4 a-2 IR . RGN
PR Z R AL N R BN R 2%, (R — . ROV, R iE LR Pd/C, IV 4%
BNLAY oS

KR EER; ARNERR; MLNERN; SO EREAEY; EZY H LR

FESES: 0629.71 TEARIRAD: A XEHE: 1003-5214 (2018) 12-2072-06

Catalytic Hydrogenation of Benzyl a-Azidocinnamatesto a-Amino Acids
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( College of Chemistry and Chemical Engineering, Ningxia University, Yinchuan 750021, Ningxia, China )

Abstract: A new method for the preparation of a-amino acids was designed and realized by using a
hydrogenation reaction. Ten benzyl o-azidocinnamates were prepared from ethyl 2-azidoacetate with
aromatic aldehydes through the following combined processes of condensation of aldehyde and ester,
saponification of methyl @-azidocinnamates and esterification of @-azidocinnamic acids with benzyl
alcohol. Then, the hydrogenation of benzyl a~azidocinnamates was investigated. The optimized conditions
were obtained as follows: Pd/C (mass fraction of Pd is 10%) dosage 30% of the substrate mass, using
methanol as solvent, hydrogen gas pressure 3 MPa. Under these conditions, the three-site conversion was
featured with the combination of the reduction of azido group, the hydrogenation of C—=C bond and the
hydrogenolysis of benzyl ester, efficiently affording the corresponding a-amino acids in 76%~89% yields.
The NMR analysis of the reaction mixture indicated that although the hydrogenation process complicated,
the ultimate product was clearly delivered. The pure a-amino acids were obtained by a very simple
filtration to remove the Pd/C catalyst.

Key words: a-amino acid; phenylalanine; catalytic hydrogenation; multisite conversion; azides; drug and
cosmetic materials
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4R (TR 98% ). 4-TH RIS (TihE 4y
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FEOEHmE (R 98% ). 2-ZEWIEE (B
98% ), JbttrindlEHE A RAR]; “FEE (BnOH)
(BTt 7040 98% ). &AM (P44 98% ). Pd/C
(Pd 40 10% ), RO IR W% (DCC,
JEE L 99% ). 4-—H & LM IE ( DMAP, Fihtsy
#99% ), F&[E Acros Organics 23 Al ; A HLIEME( 25 mm
PTFF /KR IFUEME ), REHE LI 4 A FRA A
DUk . AL, @ W E. AR (EtOAc)., A
Bk (PE), #4 AR, FHETHE T TR MUK

PerkinElmer Spectrum Two ZLAMEIEAY, EH
Perkin /A% ; SGW X-4B Bila S4Y, iR ER
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HERARY T, BIRCMLHE 4 (1336 g,
80 mmol ) %% THEE (24 mL) 57K (20 mL) &
REHAY, BETER I T INA NaN; (6.5 g,
100 mmol ). $ MK R MAZE 70 °C, KW 8 h,
BiJSRE B 1 R VARRFIMAK (40 mL),
LG5 (50 mLx3 K ) ZEBU R, AIFANL
M, k& EK (50mL) S MEEE/K (50mL)
VR . TCK B R AN TR S W dn, PR AR JE AT

( M(EtOAc) : V(PE) =1 : 30 ), 15 2 1% 2 (@3 IR A4
3(9.84 g, WK 90%). R(HLFE1H): 0.64( V(EtOAC) :
V(PE)=1: 10); '"HNMR (CDCls, 400 MHz), d:1.32
(t,J=6.8 Hz, 3 H), 3.87 (s, 2 H), 4.27 (q, J= 6.8 Hz, 2
H); “CNMR (CDCl;, 100 MHz), §: 14.3, 50.5, 62.0,
168.4,

122 4ubdh Sa th om0

RAMYT, KBHES (1.94 g, 36 mmol ) %
i T ICKHEE (100 mL) W, RIFKIKRFIEE
-15°C, mHEPZEHNSALMRINE3 (9.03 g,
70 mmol ) FZEHFEE (2.55 g, 24 mmol ) iy H E%

(20 mL) %W WM5EE, # 0 °CTakehitt
SN 24 h, BREIMAZK (30 mL ) KR . LFRE
fis (40 mLx3 k) #HL, BIAVA, MK gk
(20 mL) H5ArEEK (10 mLx2 K ) PEik . JoK

BN TR e 4s . A 24T [ (EtOAc) @ V(PE) =
1:25), wARIYEamE 5a01.85 g, R
38%).Rs:0.55 [ V(EtOAc) : V(PE)=1 : 10 J;'HNMR
(CDCl;, 400 MHz), : 3.92 (s, 3 H), 6.92 (s, 1 H),
7.34~7.42 (m, 3 H), 7.81~7.83 (m, 2 H); "CNMR
(CDCls, 100 MHz), &: 53.1, 125.5, 125.8, 128.6 (2,
RiZAA A AR IR T, TR, 129.6, 130.7
(2), 133.3, 164.2,
123 s 6a th 48

¥ 2-B FAKERR G 5a (1.60 g, 2 mmol ) ¥
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R Ak (16 mL) Hr, BEEINA R AL (3.36 ¢,
80 mmol ) 57K (16 mL ), 7EZI TN 20 h, il
AEREZ (2 mol/L, 15 mL) KN, P55k
& PH & 3 24, RS (30 mLx3 k) #HL
RNARFR, GIFAHUE, RYGEEZK (20 mL) Fff
FEEhAK (20 mLx2 ) ) PEd . TOKBREREN T )5
wedn . Pt ENT ( M(EtOAc) : M(PE)=1:2]),
B R 6a (1.47 g, WK 99% ). 6a, Ry:
0.64 [ V(EtOAc) : M(PE)=1 : 1 J; 'HNMR (DMSO-d,
400 MHz), 6: 6.92 (s, 1 H), 7.33~7.43 (m, 3 H),
7.84~7.86 (m, 2 H); *CNMR (DMSO-d, 100 MHz),
5:124.0, 126.1, 128.6 (2), 129.3, 130.3 (2), 133.1,
164.7,
1.2.4 444 Ta 456 %

AP T, # 2-2ARER 6a (379 mg,
2.0 mmol ) & i T r & H (10 mL)H, 0 °C
AR R AR I AR EE( 478 mg, 4.0 mmol ), DCC
(455.0 mg, 2.2 mmol) 5 DMAP ( 13.4 mg,
0.1 mmol ), SN KRR H SRR 2 = il I 4k 22 [ i
20 h, BfiJE 2t U . WA VRO ZAT [ M(EtOAC) :
V(PE) = 1 :20]), 1328 @A 7a (528 mg, WH
94% ), 7a, m.p. 38~39 °C; Ry: 0.52 [ M(EtOAc) :
V(PE)=1: 10) ; '"HNMR (CDCl;, 400 MHz), &: 5.35
(s, 2 H), 6.96 (s, 1 H), 7.32~7.47 (m, 8 H), 7.80~7.81
(m, 2 H); "CNMR (CDCl;, 100 MHz), o: 68.0, 125.4,

125.9, 128.6 (2), 128.7 (2), 128.8, 128.8 (2), 129.6,
130.8 (2), 133.2, 135.3, 163.5; IR (film), v/em :

1712, 2121,
1.2.5 RABR la 94

il T W 2-S AN EERR R R 7a( 109.7 mg, 0.39
mmol ) FFEE (1.6 mL) FERIMAS SR EE
#rh, JFIA PA/C (32,9 mg), FARS BN SE
R 3R, MiFEBRASRER RN ZTIAESR
3, WIERARS, MEZRE 3 MPa, HilT, 4ksk
P bt 3 h, BE S e XURE Hh 42 A RLSORE R R g 2
AR EW, FIHEERNZ, FHAPLIE R E S
YR, IR EE (30mL ), &4 (10 mL)
I3 2 U DR R S ANV A o WSO DB S DR R R
B, BDRTAR R A AR R 1a (54.1 mg, Y
84% ). la, FI@EK, BHLEWI; IR 84%;
"HNMR (D0, 400 MHz), d: 3.08 (dd, J=7.6.14.4 Hz,
1 H), 3.24 (dd, J = 5.2, 14.4 Hz, 1 H), 3.94 (dd, J =
5.2 .7.6 Hz, 1 H), 7.27~7.45 (m, 5 H); "CNMR (D0,
100 MHz), &: 36.3, 56.0, 127.6, 129.0 (2), 129.3 (2),
135.0, 173.9; HRMS (ESI-TOF), m/Z: [M + H]" for
CoH,NO, FE A : 166.0863, LML : 166.0866,
1.2.6 &4 7 ¥ Mk K IR

2-ERWERRTE 7o, 7c. 7d. Te. 7f. 7Tg.

Th. 7i VAR 75 A G RR R Ta, FLRRESEEAE AT
7b, FEEEAR; IR 97%; mp. 75~76 °C; Ry
0.41 [ V(EtOAc) : V(PE)=1: 10); '"HNMR (CDCls,
400 MHz), 6: 3.77 (s, 3 H), 5.28 (s, 2 H), 6.82~6.86
(m,2 H), 7.19~7.40 (m, 8 H); “CNMR (CDCl,,
100 MHz), o: 55.4, 68.0, 115.5, 115.6, 123.6, 125.6,
125.7, 128.7 (2), 128.78, 128.83 (2), 129.5, 134.4,
135.2, 159.5, 163.5; IR (film), v/em': 1711, 2118,

Te, EAAEA; WA 66%; m.p. 72~73 °C; Ry:
0.41 [ V(EtOAc) : ¥(PE)=1: 10) ; '"HNMR (CDCls,
400 MHz), o: 3.84 (s, 3 H), 5.34 (s, 2 H), 6.91~6.94
(m, 3 H), 7.37~7.48 (m, 5 H), 7.80~7.82 (m, 2 H);
BCNMR (CDCls, 100 MHz), 6: 55.4, 67.7, 114.0 (2),
123.0, 125.9, 126.0, 128.6 (2), 128.7, 128.8 (2), 132.6 (2),
135.4, 160.6, 163.7; IR (film), v/em ': 1708, 2117 cm™',

7d, FEEEA; B 67%; m.p. 108~109 °C;
Re: 021 [ V(EtOAc) : V(PE) = 1:5) ; '"HNMR
(CDCls, 400 MHz), &: 3.915 (s, 3 H), 3.918 (s, 3 H),
5.33 (s, 2 H), 6.86 (d, J = 8.4 Hz, 1 H), 6.91 (s, 1 H),
7.34~7.50 (m, 6 H); *CNMR (CDCls, 100 MHz), §:
56.0 (2), 67.9, 110.7, 113.0, 123.2, 125.1, 126.1, 126.2,
128.7 (3), 128.8 (2), 135.4, 148.6, 150.3, 163.7; IR
(film), v/em': 1706, 2118,

Te, B, XK 85%; m.p. 46~47 °C; R;:
0.47 ( V(EtOAc) : V(PE)=1: 10 ); '"HNMR (CDCls,
400 MHz), o: 5.37 (s, 2 H), 6.94 (s, 1 H), 7.06~7.12
(m, 2 H), 7.40~7.51 (m, 5 H), 7.81~7.86 (m, 2 H);
BCNMR (CDCls, 100 MHz), d: 67.9, 115.6 (Jr.c.c =
22 Hz, 2 C), 124.4, 1249 (Jrc.c.cc = 2 Hz, 1 Q),
128.6 (3), 128.70, 128.74 (2), 129.4 (Jy.c.c.c.c = 3 Hz,
1 C), 132.7 (Jr.c.c.c = 9 Hz, 2 C), 135.1, 163.0 (Jp.c =
250 Hz, 1 C), 163.3; IR (film), v/em': 1713, 2121,

7f, BRI WE 81%; mp. 61~62 °C; Ry:
0.57 [ V(EtOAc) : M(PE)=1: 10); 'HNMR (CDCl;,
400 MHz), o: 5.35 (s, 2 H), 6.89 (s, 1 H), 7.33~7.48
(m, 7 H), 7.74~7.77 (m, 2 H); “CNMR (CDCls,
100 MHz), d: 68.1, 124.2, 125.8, 128.7(2), 128.8 (2),
128.8, 128.8 (2), 131.7, 131.9 (2), 135.1, 135.3, 163.2;
IR (film), v/em': 1714, 2123,

Tg, FEEAEA; R 72%; mop. 74~75 °C; Ry:
0.54 [ V(EtOAc) : ¥(PE)=1: 10] ; '"HNMR (CDCls,
400 MHz), o: 5.36 (s, 2 H), 6.86 (s, 1 H), 7.36~7.51
(m, 7 H), 7.67~7.69 (m, 2 H); *CNMR (CDCl;, 100
MHz), §: 68.1, 123.8, 124.3, 126.0, 128.8 (2), 128.9
(3), 131.8 (2), 132.1, 132.1 (2), 135.1, 163.3; IR
(film), v/em': 1713, 2122,

7h, IREAEK; EE 74%; m.p. 45~46 °C;
Re: 0.54 [ V(EtOAc) : V(PE) = 1 : 10) ; '"HNMR
(CDCls, 400 MHz), d: 2.38 (s, 3 H), 5.34 (s, 2 H), 6.94
(s, 1 H), 7.20 (d, J= 8.0 Hz, 2 H), 7.37~7.47 (m, 5 H),
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7.72 (d, J = 8.4 Hz, 2 H); "CNMR (CDCl;, 100
MHz), §: 21.7, 67.9, 124.4, 126.1, 128.7 (2), 128.7,
128.8 (2), 129.4 (2), 130.5, 130.8 (2), 135.3, 140.1,
163.7; IR (film), v/em ': 1712, 2121,

7i, EEOFEE; E 79%; mp. 38~39 °C; Ry
0.56 [ V(EtOAc) : ¥(PE)=1: 10) ; '"HNMR (CDCls,
400 MHz), 6:1.24 (d, J=6.8 Hz, 6 H), 2.88~2.92 (m,
1 H), 5.31 (s, 2 H), 6.94 (s, 1 H), 7.22 (d, J = 8.4 Hz,
2 H), 7.35~7.44 (m, 5 H), 7.73 (d, J = 8.4 Hz, 2 H);
BCNMR (CDCls, 100 MHz), §: 23.9 (2), 34.2, 67.9,
124.5, 126.1, 126.7 (2), 128.6 (2), 128.7, 128.8 (2),
130.8, 130.9 (2), 135.3, 150.9, 163.6; IR (film), v/em "
1709, 2120,

7i, B K 78%; m.p. 58~59 °C; Ry:
0.51 [ V(EtOAc) : ¥(PE)=1: 10 ); '"HNMR (CDCls,
400 MHz), 0: 5.44 (s, 2 H), 7.41~7.59 (m, 8 H), 5.76
(s, 1 H), 7.87~7.90 (m, 2 H), 8.03~8.15 (m, 2 H);
BCNMR (CDCl;, 100 MHz), d: 68.1, 122.8, 123.5,

125.3, 126.1, 126.8, 127.3, 128.4, 128.6 (2), 128.8,
128.9 (2), 128.9, 129.5, 129.9, 131.7, 133.6, 135.3,

163.3; IR (film), v/em': 1713, 2122,
1.2.7 RAB 1 69k F B

oa-FIEMR b, lc, 1d. le, 1h, 1i KIK 1j 94
BGOSR 1a, H¥ShOHEAY, g2 5da T .

b, EAMEAH IR Bk 4 h, #
o [ A R 83%; 'THNMR (D,0, 400 MHz), J: 3.04
(dd, J=8.0. 14.4 Hz, 1 H), 3.22 (dd, J=5.2. 14.4 Hz,
1 H), 3.79 (s, 3 H), 3.94 (dd, J = 5.2, 8.0 Hz, 1 H),
6.86~6.92 (m, 3 H), 7.31 (t, J= 8.0 Hz, 1 H); "CNMR
(D,0, 100 MHz), &: 36.2, 55.2, 55.8, 113.2, 114.8,
122.0, 130.3, 136.7, 159.1, 173.8; HRMS (ESI-TOF),
m/Z: [M + H]" for C;oH,NO; Flit{H: 196.0968, =L
MAE . 196.0969,

le, BAEADUSO, NG NFR R 4 h, &
£ 5 A; e# 78%; 'THNMR (D,0, 400 MHz), §: 2.97
(dd, J=7.6. 14.8 Hz, 1 H), 3.12 (dd, J=5.2. 14.8 Hz,
1 H), 3.73 (s, 3 H), 3.85 (dd, J = 5.2, 7.6 Hz, 1 H),
6.90 (d, J = 8.8 Hz, 2 H), 7.15 (d, J= 8.4 Hz, 2 H);
BCNMR (D,0, 100 MHz), &: 35.3, 55.1, 55.9, 114.3
(2), 127.3, 130.5 (2), 158.1, 173.9; HRMS (ESI-TOF),
m/Z: [M + H]" for C;oH,NO; Pl : 196.0968, 5L
MAE . 196.0969.

1d, BAEEHCT, IR B R 4 h, #
o [ A; % 76%; 'THNMR (D,0, 400 MHz), §: 2.87
(dd, J=8.0. 14.4 Hz, 1 H), 3.02 (dd, J=4.8. 14.4 Hz,
1 H), 3.65 (s, 3 H), 3.67 (s, 3 H), 3.77 (dd, J= 4.8, 8.0
Hz, 1 H), 6.65~6.86 (m, 3 H); "CNMR (D,0, 100
MHz), §: 35.8, 55.4 (2), 55.8, 111.8, 112.4, 122.0,
127.8, 147.3, 148.1, 173.8; HRMS (ESI-TOF), m/Z:

[M + H]" for C, | H;NO, Bl (. 226.1074, SZ{H
226.1074,

le, BAEADH ISR 8 h,
o [ 4A; R 83%; '"HNMR (D,0, 400 MHz), §: 3.08
(dd, J=7.6. 144 Hz, 1 H), 3.21 (dd, J=5.6. 14.4 Hz,
1 H), 3.93 (dd, J = 5.6, 7.6 Hz, 1 H), 7.06~7.12 (m, 2
H), 7.24~7.28 (m, 2 H); "CNMR (D,0, 100 MHz), §:
35.5,55.9, 115.6 (Jr.c.c = 22 Hz, 2 C), 130.7 (Jr.c.c.c.c
=3 Hz, 1 C), 131.0 (Jr.c.c.c = 8 Hz, 2 C), 162.0 (Jp.c =
242 Hz, 1 C), 173.7; HRMS (ESI-TOF), m/Z: [M +
H]" for CoH, FNO, BHit{H : 184.0768, =LA .
184.0767.

1h, E AN, I EE R 3 h, [
A Ui 84%; '"HNMR (D,0, 400 MHz),d: 2.23 (s,
3 H), 2.98 (dd, J = 8.0, 14.8 Hz, 1 H), 3.14 (dd, J =
5.2.14.8 Hz, 1 H), 3.86 (dd, J=5.2.8.0 Hz, 1 H), 7.11
(d, J = 8.0 Hz, 4 H), 7.16 (d, J = 8.0 Hz, 4 H);
BCNMR (D,0, 100 MHz), d: 20.0, 35.8, 55.9, 129.2
(2), 129.5 (2), 131.7, 137.7, 173.9; HRMS (ESI-TOF),
m/Z: [M + H]" for C;oH,NO, Bli & : 180.1019, 5
M{E . 180.1019,

li, BALEYRY, InE Ry 3h, HE
A, W% 82%; 'THNMR (D,0, 400 MHz), : 1.18 (d,
J = 6.8 Hz, 6 H), 2.86~2.95 (m, 1 H), 3.04 (dd, J =
8.0. 14.4 Hz, 1 H), 3.22 (dd, J=5.2. 14.4 Hz, 1 H),
3.92 (dd, J=5.2. 8.0 Hz, 1 H), 7.22 (d, J = 8.4 Hz, 2
H), 7.31 (d, J = 8.4 Hz, 2 H); "CNMR (D,0, 100
MHz), 6: 23.2 (2), 33.2, 36.0, 56.1, 127.1 (2), 129.5
(2), 132.6, 148.9, 174.2; HRMS (ESI- TOF), m/Z: [M
+ H]" for C;,H;gNO, Pt fH: 208.1332, A
208.1331,

1j, BEAMEA U2 &R 3 h,
6 A 1R 89%; "HNMR (D,0, 400 MHz), 6:
3.37(dd,J=9.6.14.4 Hz, 1 H), 3.89 (dd, J=5.2.14.4
Hz, 1 H), 4.08 (dd, J=5.2.9.6 Hz, 1 H), 7.44~7.51 (m,
2 H), 7.57~7.67 (m, 2 H), 7.91 (d, J = 8.0 Hz, 1 H),
7.98 (d, J = 7.6 Hz, 1 H), 8.15 (d, J = 8.4 Hz, 1 H);
BCNMR (D,0, 100 MHz), o: 33.9, 55.3, 123.1, 125.7,
126.3, 126.8, 128.1, 128.4, 129.0, 131.2, 131.3, 133.7,
174.0 ; HRMS (ESI-TOF), m/Z: [M + H]" for
CsHNO, HS{H . 216.1019, S2M{E: 216.1019,

2 HR5R

21 RYFIFIE

SHEMFESCRI Y, ISR 2 5BA LR
fid 3 MRS IR G R BEY 7, IR & R
H A5 20 RO IR INER 1 TR .
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Table 1 Preparation of benzyl a-azidocinnamates
s 5 B SUCR% A 6 IUR/% SRS A 7 /%
1 2a (Ar = Ph) 38 99 94
2 2b (Ar = 3-MeO-Ph) 55 99 97
3 2¢ (Ar = 4-MeO-Ph 56 99 200%, L 66
c (Ar e ) 4 IR 290%. 12 BnOH(ﬁﬁiZ‘OO@,‘U\6
4 2d(Ar=34-MeO-Ph) pium nom oy 42 91 9 ) I R B B A 67
5 2¢(Ar=4-F-Ph) YE ), NaOMe ( i+ 53 LiOH, 95 bee (Fﬁim 110%, e 85
I A THF/H,0, tt, F W J5T R Bl R ),
6 2f (Ar = 4-CI-Ph) 150%, DL 2 ¥k 49 10~48 h 95 DMAP ( Ji& 5%. LI 6 81
MRS, Tk, 9 mE G 7
7 2g (Ar = 4-Br-Ph) ’ g 4y 3
g MeOH. 0°C. 24h B I SR,
8 2h (Ar = 4-Me-Ph) 52 93 CH,CL,, rt, 20 h 74
9 2i (Ar = 4-i-Pr-Ph) 58 95 79
10 2j (Ar = 2-Naphenyl) 61 94 78
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Table 3 Catalytic hydrogenation of the benzyl a-
azidocinnamates
JP s ik P ONEESTE D PR AR %
1 7a (Ar = Ph) la 3 84
2 7b(Ar=3-MeO-Ph) 1b 4 83
3 7c¢ (Ar = 4-MeO-Ph) lc 4 78
4 7d (Ar = 3,4-MeO-Ph) 1d 4 76
5 7e (Ar = 4-F-Ph) le 8 83
6  7f(Ar=4-Cl-Ph) la 8 80
7 7g (Ar = 4-Br-Ph) la 8 79
8  7h (Ar = 4-Me-Ph) 1h 3 84
9 7i(Ar=4-i-Pr-Ph) li 3 82
10 7j (Ar = 2-Naphenyl) 1j 3 89
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