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Silver-Catalyzed Enantioselective Intermolecular y-Amination of
B,y-Unsaturated Amide
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Abstract Unnatural y-amino acid structures are widely present in natural products and drug molecules. Therefore, the
synthesis of unnatural amino acids through direct asymmetric amination reaction has important research and application
values. An efficient y-amination reaction using azodicarboxylate as nitrogen source is reported. The asymmetric reaction of
azodicarboxylate with f,y-unsaturated amides was realized by using monovalent silver as Lewis acid catalyst and biphenyl
axial chiral bisphosphine compound as ligand. The reaction has good substrate applicability, and a series of chiral y-amino acid
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derivatives were obtained in moderate yields with an enantioselectivity of 90% ee.
Keywords enantioselective y-amination; silver-catalyzed reaction; azodicarboxylates
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FR TS A RIS, Z R BB ZE DT T R 1,4-F
PRI b () AR 2T AT A O T G T4 A
B REE BRI T IR EUE Re AL AR T ml, AT
Wk AR P RERE VB -l B EIR. L8
I8 08 R T A R BORD L 2 Mg il O U8 R T SR 4 iz
st ik S SN, B VR R A I i PR T AR (AL 2
JeAs L, 12 N IS — A GRS SEGPHOS B A
PEEETFHEIAEE, W LALAR A IR B EIR T 90% ee [1)
AL . FRATIR LT 2021 SEHRIE T 1
BN S B AL AR R p-Redb [ L, 7R A 1 ik g XX
WER S MR BC AR S5 T DL A 2 Flos 22 gl i F R
BERRATAY). ABAE %R N AT SRAFAE A S & VG
S, A AR S S 0T S AR ). R RATT A
AT DL T AR A AR SR AN X L 1], i DA T
A58 FH BT (00— M AR AE D 2 2 307 IR A A 700 60 5 M 00 P
PR 78 AN KT R -4k S i (Scheme 1).

1 HR5iTR

8 By-AEFIBERL 12 1EABAUEY), BE - HR
ZARUT BE(DBAD)YE AR, XF s B AT k. LA
AgOAc NHEALF L EIXUBSEC A4 (R)-BINAP A RCAA
N,N- " N3 L JE(DIPEA) Jyfifi. I ZUE I 9 ¥ 5 £ =
I TN 24 h, BELL 50%IUS AT 51% ee 1531 2a (Table
1, Entry 1). BiiJ5xE 2 AR R MELTIET TEE, K
PUAE = 9 B ERER T LALL 65% ee 192 H A4
(Table 1, Entries 1~4). {E15 2| &AL MRMEMA G, T2
PEFPEIA B B RO ARBEAT 07028, H F I s R 00 C A4 0)
IR SIS — 8 eI ae 71, Horb il T i SR 4
KU B HR o 34 R T P AR P 428 1) B8 ) 5 47 (Table 1,
Entries 4~13), (R)-MeO-BIPHEP W/ % & i () ) )32
45 (Table 1, Entry 13, 73% yield, 87% ee). TiFRi4
Ui PRI BRI N, 1) ee (B 23 FEAR, PTRER ik K47
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Scheme 1  Brensted base catalyzed and Lewis acid catalyzed distal amination reaction
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Table 1 Optimization of reaction conditions

o
Ph~ _N
\/\)l\j\\}/Ph + Boc\N,,N\Boc

Ph
1a DBAD

PAr, MeO ‘ PPh,
O‘ PAr, MeO ] PPh,

(R)-BINAP: Ar = CgHs
(R)-Tol-BINAP: Ar = Tol (R)-MeO-BIPHEP

PAFQ

(R)-MeO-TolBIPHEP: Ar = 4-MeCgH,4

Sliver (10 mol%) 0
Base (10 mol%)
Ligand (10 mol%)

THF, 7,24 h Bo

o PPh,
/o PPh,
OMe (R)-SEGPHOS: Ar = CgHs

(R)-Ph-Garphos

¥ g
; @f}ow

Pho AN N
Y\)J\/'\\l\\)/Ph

N.
C NH Ph

Boc
PArz
PArz

(R)-DTBM-SEGPHOS: Ar = 3,5-'Buy-4-MeOCgH,

e

(R)-MeO-DTBMBIPHEP: Ar = 3,5-'Buy-4-MeOCgH, (R)-DIOP (R)-Phosphine
Entry Ag Ligand Base Solvent Temp./C  Yield”/%  Ee%

1 AgOAc (R)-BINAP DIPEA THF r.t. 50 51
2 AgBF4 (R)-BINAP DIPEA THF r.t. 42 62
3 AgPF¢ (R)-BINAP DIPEA THF r.t. 39 53
4 AgOTf (R)-BINAP DIPEA THF r.t. 57 65
5 AgOTf (R)-Tol-BINAP DIPEA THF r.t. 56 59
6 AgOTf (R)-DIOP DIPEA THF r.t. 38 —21
7 AgOTf (R)-MeO-TolBIPHEP DIPEA THF r.t. 60 85
8 AgOTf (R)-MeO-DTEMBIPHEP DIPEA THF r.t. 51 63
9 AgOTf (R)-SEGPHOS DIPEA THF r.t. 36 68
10 AgOTf (R)-DTEM-SEGPHOS DIPEA THF r.t. 23 51
11 AgOTf (R)-Ph-Garphos DIPEA THF r.t. 64 81
12 AgOTf (R)-Phosphine DIPEA THF r.t. 42 -5
13 AgOTf (R)-MeO-BIPHEP DIPEA THF r.t. 73 87
14 AgOTf (R)-MeO-BIPHEP EtN THF r.t. 37 86
15 AgOTf (R)-MeO-BIPHEP DABCO THF r.t. 23 83
16 AgOTf (R)-MeO-BIPHEP DIPEA THF 0 67 89
17 AgOTf (R)-MeO-BIPHEP DIPEA THF —10 51 87
18 AgOTf (R)-MeO-BIPHEP DIPEA THF —20 32 85

4 All reactions were carried out with 1 (0.10 mmol), DBAD (0.13 mmol), silver salt (0.01 mmol), base (0.01 mmol), ligand (0.01 mmol) in THF (1.0 mL) at the spec-
ified temperature for 24 h. ®Isolated yields. ¢ ee value was determined by chiral HPLC analysis.

BH S g2 T FCAR SARIELAL, SET=YIN ee EHFEAL
(Table 1, Entries 7~8). J&ZExf T KW H A LB %
g, ALBHACKECAL BE )i 551K DIPEA A i IF AR,
A — € B BE 71 DABCO N2> 50 4 55 X B e A 1)
BoAr, HETISZI =) ee {E(Table 1, Entry 15). f/H,
PEAGIRE R 0 "CJi5 I A BRI 1) S 245 R (67% yield,
89% ee); FHIE— 0 BRI BL IR BE, B WO B I
F#A H. ee B2 WS 14K (Table 1, Entry 16~18). /b
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193 1 B S5 S 2 A A2 A = 380 Y Bre B R AR 9 HE AL
7, (R)-MeO-BIPHEP NIk, DIPEA i, VUZM:m A
WHIE 0 “C RNV 24 h.
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THRP R, HEEE, W RAE. IR, #REe
DA HH S5 PR ISR RN 5 A7 PR ) e 6 P 45 3 H A7 7= (Table
2,2a~2e); ORI _EHUREEFEAROLNT, B HOKMIAL B
S M REAR I 31T (Table 2, 2). 24 R &2 N3 e
B B AT HUAS 1] B AR =) (Table 2, 2g~2i). /o Xt
S EERE R T TP, Gt
L ERIE e B, RNECR S, T E R T
SN B BURIE AL BHIE K, SN ISR AN ee (A B
PR (Table 2, 2j~21), Ji & 5 A b K47 FHEE
W 1 A5 AR AN AR (TR AE, AT 52 M Jse I PR AT 26 A %o
WOEBEPE. Hod, -2 2j LAY, Y
24 3 e AR T 5 B 1 SR [6¢] % B e e i e

MR8 2 A 38 DA FRATTRS - b B AT A2
MPZERMEA 1 y-TeAb ) R4 HH a0 Scheme 2 Bz AJLER IS
B TERA R-MeO-BIPHEP 5 4RAEALFIE A — 1 4R
HEW A, B ESEYSIRY) 1a KDL 5
MR BCA T BTG &4, B 1a BB B X574
BRI, BT 1L4-FHEE P E s B; Flaik B A
L4- MG IESE ), RALPURRE BAS, WL af-4
MURIZERE, FRLE y S0 T RS B R a0 ©); Fp R 4
CHBURE IR T lE, MWIMH -5, Fi

x2

RUBEECARAE Zod B rp Rt 7 RIS, S 7R B
FrER . e AR S e A 2 s 4k S DG 3, 1531
HARIIZ A= 4) 2a.

W Z BT T 5 BOK S2 5 (Scheme 3), By
2 H bR E A=), RSWCRF ee (AHEA B S H
FEAL.

2 i

i, I RS T MR A PR AT
T A BRI SRAEAL I B,y- A AEERZ y LA FR AL 5
L. 3E = 8 R e i R R R T I OB G AR AH LAz, T B
LA S5 (T CRAG BIEAL 1), ee fH IR RIIE 90%. 1% LAE
FEFRATTF Y T A R A 16, A5 P T AR R AT XU (A A b
R, o 1 97 BRI AE B R, FT LA 5
L ARRIRN p- 2 TR,

3 SIS

3.1 EEERHF

'H NMR Fl 3C NMR Hi Bruker AVANCE 1II (400
MHz F1 500 MHz) B A% LR & (CDCls, TMS 1EN
#r). HRMS(ESI)FH Buker impact 1T B 5 #4352, 74

JEATEIH «

Table 2 Substrate scope

(R)-MeO-BIPHEP (10 mol%) o
DIPEA (10 mol%) RT N
AgOTf (10 mol%) \(\)LD,Rz
~N. =
THF, 0°C, 24 h REVNH R?

1 2~3
|
N
Ph i F’h Ph S )N\>’Ph
oc N., .B =
Boc” H Boc” BOC Boc” H OF?h

2a, R® = Boc, 67% yield, 89% ee
3a, R® = Cbz, trace

B
r o
P

N. .B
Boc” N o|:(>:h

2e, 59% yield, 79% ee
(0]
\‘/\)J\N,N\ Ph
N.,,.Boc )Q)’

Boc” N
H Ph

2b, 62% vyield, 84% ee

@QAA N
Boc” _N. N Boc
H

2c, 64% yield, 77% ee

o}
W)\)’Ph WN'N\ Ph
N. ,Boc)Q)’

Boc” N
H Ph

2d, 70% vyield, 88% ee

29, 66% vyield, 90% ee 2h, 63% vyield, 78% ee

Iz

W”V%L)/ \ffj}gk< B;Kﬁimﬁ

2i, 57% yield, 84% ee 2j, 64% yield, 76% ee® 2k, 49% vyield, 67% ee 21, 36% yield, 22% ee®

@ All reactions were carried out with 1 (0.10 mmol), azodiformate (0.13 mmol), AgOTf (0.01 mmol), DIPEA (0.01 mmol), (R)-MeO-BIPHEP (0.01 mmol) in THF
(1.0mL) at 0 “C for 24 h. Isolated yields. ee value was determined by chiral HPLC analysis. ® Room temperature.
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AgOTF (10 mol%)

o DIPEA (10 mol%)
Ph\/\)I\N,N\ or N-BOC (R)-MeO-BIPHEP (10 mol%)
+
/\Qf N THF, 0°C, 24 h
Ph Boc
1a
1.457 g, 4 mmol
o)
Pho_ N
Y\)J\/N\\\)/Ph
N\ —
Boc” NH ph
Boc
2a

1.287 g, 54% yield, 88% ee

AR 3 wHHEA K 2a
Scheme 3 Gram-scale synthesis of 2a

1) ee {HKH Agilent A 7] = ROBAH th 154X (Agilent1260,
AD-H/AD/IC/IA FVEAE)IISE, By 1E S ke
SN WAL AUPOTOL VI 2 | 3liE
S e . S T R A N T B b, AR R
25t TR AR FE.
3.2 LWHE

I 45 PR s B2 B R OIDN =4 B R IR #R (2.6 mg,
0.01 mmol, 0.1 equiv.)F%c{A& R-MeO-BIPHEP (5.8 mg,
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0.01 mmol, 0.1 equiv.), FFAIA 1 mL PUSRRIR, T %R
FHEHE 10 min J5, FREZE 0 °C; PRI By-AHLA1
Bz 1 (0.1 mmol). A% —HMR T E(B0 mg, 0.13
mmol, 1.3 equiv.)fl DIPEA (1.7 pL, 0.01 mmol, 0.1
equiv.). T 0 C &M 24 h, BN BIRIE 2 FL 57,
WA B A AT (RO TR O BR) 7 B A EI H
&) 2.

THUT FHE(R,E)-1-(4-(3,5- A FE-1H-ME - 1- 3 )-4-
A1 ZR 3L T -2 0- 1- 55 JPF-1,2- IR IR 8 (2a): Ltk
WY, 2 67%, ee 89%, [aly —6.4 (¢ 0.5, CHyCL).
HPLC condition: Chiralpak IC [V(hexane) : V(i-PrOH)=
95 0 5], 1.0 mL/min, fr(major)=22.5 min, tr(minor)=
27.3 min). 'H NMR (CDCls, 400 MHz) J: 7.92~7.90 (m,
2H), 7.64~7.50 (m, 1H), 7.49~7.31 (m, 14H), 6.76 (s,
1H), 6.15~5.81 (m, 2H), 1.47 (s, 11H), 1.38 (s, 7H); 13C
NMR (CDCl;, 100 MHz) §: 163.8, 155.0, 153.4, 147.6,
131.6, 131.2, 129.2, 129.0, 128.8, 128.5, 128.1, 127.9,
126.3, 110.1, 82.1, 81.2, 63.1, 28.2, 28.1; HRMS calcd for
C35H3sN4NaOs [M+Na'] 617.2740, found 617.2748.

BT HE(RE)-1-(4-(3,5- Z IR -1 H- T e -1- 3 )-4-
SER-1-C FOR B ) T -2- M- 1- 56 F-1,2- 3R R £ (2b):
AR, 725 62%, ee 84%, [alh —3.7 (c 0.5,
CH)Cl). HPLC condition: Chiralpak IC [V(hexane) :
V(i-PrOH)=90 : 10], 1.0 mL/min, #x(major)=13.2 min,
tr(minor) =16.6 min. 'H NMR (CDCl;, 400 MHz) 4:
7.93~791 (m, 2H), 7.64~7.50 (m, 1H), 7.50~7.39 (m,
9H), 7.27~7.25 (m, 2H), 7.17~7.15 (m, 2H), 6.76 (s,
1H), 6.14~5.81 (m, 2H), 2.35 (s, 3H), 1.48 (s, 11H), 1.39
(s, 7H); 3C NMR (CDCl;, 100 MHz) 6: 163.9, 154.7,
153.4, 147.6, 137.8, 131.7, 131.2, 129.2, 129.0, 128.8,
128.4, 127.9, 126.3, 122.8, 110.1, 82.0, 81.1, 62.0, 28.2,
28.1, 21.1; HRMS calcd for C3sHyNsNaOs [M+Na']
631.2896, found 631.2889.

THUT FH(R,E)-1-(4-(3,5- A FE-1H-ME M -1-3E)-1-
(-4- PSR R L )-4- SR T 2- M- 1- 38 [ -1,2- R IR
(20): TEMIRY, 72 64%, ee T7%, [a]n +1.6 (c 1.0,
CH)Cl). HPLC condition: Chiralpak IC [V(hexane) :
V(i-PrOH)=90 : 10], 1.0 mL/min, #r(major)=22.4 min,
tr(minor) =33.8 min. 'H NMR (CDCl;, 400 MHz) 4:
7.92~7.89 (m, 2H), 7.53~7.39 (m, 10H), 7.30~7.29 (m,
2H), 6.89~6.87 (m, 2H), 6.76 (s, 1H), 6.23~6.12 (m,
2H), 3.80 (s, 3H), 1.52~1.34 (m, 18H); '3C NMR (CDCl;,
100 MHz) ¢: 163.9, 159.5, 154.7, 153.4, 147.6, 131.7,
131.2, 129.8, 129.2, 129.0, 128.8, 127.9, 126.3, 113.9,
110.1, 82.0, 81.1, 55.3, 50.9, 28.2, 28.1; HRMS calcd for

Chin. J. Org. Chem. 2023, 43,2946~2952
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C36H4N4NaOg [M+Na'] 647.2846, found 647.2840.

BT B (RE)-1-(1-(4- K 35)-4-(3,5- K FE-1H-
Mk -1 - )-4- S8 AT B2 0 - 1- 2 fifF-1,2- — R IR £ (2d):
AR, 725 70%, ce 88%, [alh —9.6 (c 1.0,
CH)Cl). HPLC condition: Chiralpak IC [F(hexane) :
V(i-PrOH)=90 : 10], 1.0 mL/min, trx(major)=12.1 min,
tr(minor)=13.9 min. 'H NMR (CDCl;, 400 MHz) &:
7.92~7.89 (m, 2H), 7.66~7.62 (m, 1H), 7.50~7.39 (m,
9H), 7.37~7.34 (m, 4H), 6.76 (s, 1H), 6.20~5.84 (m,
2H), 1.52~1.37 (m, 18H); 3C NMR (CDCl;, 100 MHz) §:
163.7, 154.6, 153.5, 147.7, 145.9, 134.0, 131.6, 131.1,
129.8, 129.3, 129.0, 128.8, 128.7, 128.6, 127.9, 126.3,
123.5, 110.2, 82.3, 81.4, 60.4, 28.2, 28.0; HRMS calcd for
C35H37CINsNaOs [M+Na '] 651.2350, found 651.2353.

TRUT B (RE)-1-(1-(4-1R K J£)-4-(3,5- K JE-1H-
ML -1 -0 )-4- S ART 2R 20 - 1- 20 - 1,2- R TR £ (2e):
TR, FE% 59%, ee 79%, [alh —10.8 (¢ 1.0,
CHCl,). HPLC condition: Chiralpak IC [V(hexane) .
V(i-PrOH)=90 © 10], 1.0 mL/min, tz(major)=12.8 min,
tr(minor) = 15.3 min. 'H NMR (CDCl;, 400 MHz) J:
7.95~7.89 (m, 2H), 7.65~7.61 (m, 1H), 7.52~7.34 (m,
12H), 7.29~7.27 (m, 1H), 6.76 (s, 1H), 6.19~6.05 (m,
2H), 1.51~1.37 (m, 18H); 3C NMR (CDCls, 100 MHz) :
163.6, 154.9, 153.6, 147.7, 145.9, 131.6, 131.1, 129.3,
129.0, 128.8, 128.7, 127.9, 126.3, 123.4, 122.2, 110.2,
82.4, 81.4, 28.2, 28.0; HRMS calcd for CssH37;BrN4sNaOs
[M-+Na'] 695.1845, found 695.1838.

TRUT (S, E)-1-(5-(3,5- AR FE -1 H-H e -1 - 3 )-5-
AR 1-ZR I -3 4 2- 50 JDF-1,2- R IR Eh(2g): ot
W, 722 66%, ee 90%, [aly —2.0 (¢ 0.5, CHLCL).
HPLC condition: Chiralpak IC [V(hexane) : V(i-PrOH)=
90 : 10], 1.0 mL/min, tr(major)=12.9 min, f(minor)=
15.7 min. '"H NMR (CDCls, 400 MHz) &: 7.93~7.91 (m,
2H), 7.49~7.41 (m, 9H), 7.33~7.22 (m, 6H), 6.75 (s,
1H), 6.14~5.81 (m, 1H), 5.42~5.04 (m, 1H), 3.24~2.96
(m, 2H), 1.48 (s, 9H), 1.45 (s, 9H); '*C NMR (CDCls, 100
MHz) J: 163.8, 154.5, 153.4, 147.6, 137.4, 131.7, 131.2,
129.2, 129.0, 128.8, 128.7, 127.9, 126.7, 126.4, 122.3,
110.1, 81.7, 59.7, 38.0, 28.2, 28.0; HRMS calcd for
C36H40NsNaOs [M+Na '] 631.2896, found 631.2897.

T HE(S,E)-1-(6-(3,5- IR FE -1 H-IE - 1- 3 )-2-
L -6- SR O 2407 -3- 50 ) IF-1,2- R IR Eh (2h): Bt
HORY, P2 63%, ee 78%, [a]y +1.0 (¢ 0.5, CHLCL).
HPLC condition: Chiralpak IC [V(hexane) . V(i-PrOH)=

95 ¢ 5], 1.0 mL/min, fr(major)=12.0 min, fz(minor)=
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10.9 min. 'H NMR (CDCl;, 400 MHz) 6: 7.95~7.93 (m,
2H), 7.63~7.59 (m, 1H), 7.49~7.40 (m, 8H), 7.14~7.07
(m, 1H), 6.76 (s, 1H), 6.16 (s, 1H), 4.57~4.29 (m, 1H),
2.02~1.70 (m, 1H), 1.50 (s, 9H), 1.46 (s, 9H), 1.09~0.92
(m, 6H); 3C NMR (CDCl;, 100 MHz) J: 163.9, 154.9,
153.4, 147.7, 146.8, 131.7, 131.3, 129.2, 129.0, 128.8,
128.7, 127.9, 126.3, 123.4, 110.1, 81.5, 64.2, 29.9, 28.3,
28.2, 20.1, 19.6; HRMS calcd for Cs;HsoN4NaOs [M+
Na'] 583.2896, found 583.2890.

THRUT (S, E)-1-(5-(3,5- IR L -1 H-TH e -1 -F)-5-
SEARTR-3-M-2- 50 - 1,2- — IR Eh(2i): TLOMPIRY, 7
% 57%, ee 84%, [a]h —8.4 (c 0.5, CH,Cly). HPLC con-
dition: Chiralpak IA [V(hexane) : V(i-PrOH)=280 : 20],
1.0 mL/min, fr(major)=25.1 min, fR(minor)=11.3 min.
'H NMR (CDCL;, 400 MHz) &: 7.94~7.92 (m, 2H),
7.50~7.45 (m, 5H), 7.43~7.40 (m, 4H), 7.14~7.11 (m,
1H), 6.76 (s, 1H), 6.26~6.06 (m, 1H), 5.14~491 (m,
1H), 1.50 (s, 9H), 1.47 (s, 9H), 1.42 (d, J=7.0 Hz, 3H);
3C NMR (CDCl;, 100 MHz) J: 164.1, 155.6, 154.5, 153.5,
149.9, 147.7, 131.7, 131.2, 129.3, 129.0, 128.8, 128.7,
127.9, 126.3, 121.3, 110.1, 81.7, 81.2, 53.5, 28.3, 28.2,
16.7; HRMS calcd for C30H3sN4NaOs [M+Na '] 555.2583,
found 555.2576.

TAUT F(S,E)-1-(5-(3,5- = F I -1 H-IH - 1- -5
AR R34 -2- 00 iF-1,2- —IRIRER(2)): TRy, 7=
% 64%, ee 76%, [a]y —3.7 (¢ 0.7, CH,Cly). HPLC con-
dition: Chiralpak AD [V(hexane) : V(i-PrOH)=90 : 10],
1.0 mL/min, fx(major)=25.6 min, fr(minor)=16.3 min).
'"H NMR (CDCl;, 400 MHz) &: 7.30 (d, J/=16.0 Hz, 1H),
7.10~7.06 (m, 1H), 6.34~6.18 (m, 1H), 5.95 (s, 1H),
5.07~4.85 (m, 1H), 2.53 (s, 3H), 2.21 (s, 3H), 1.43 (s,
18H), 1.36 (d, J=7.0 Hz, 3H); 3*C NMR (CDClL, 100
MHz) . 164.8, 155.7, 154.5, 152.0, 149.0, 144.3, 121.3,
111.5, 81.6, 81.0, 53.5, 28.2, 28.1, 16.6, 14.6, 13.8; HRMS
caled for CaH3N4NaOs [M+ Na '] 431.2270, found
431.2261.

TR BE(SE)-1-(5-(3,5- 5 T k- L H-ME -1 -5 )-
S-AAR-3-05-2-38) - 1,2- IRER Eh(2K): To iR,
PR 49%, ee 67%, [a]y —12.8 (¢ 0.5, CH,CL). HPLC
condition: Chiralpak AD-H [V(hexane) . V(i-PrOH) =
80 : 20], 1.0 mL/min, tr(major)=_8.7 min, fr(minor)==6.7
min. 'H NMR (CDCls, 400 MHz) &: 7.35 (d, J=15.6 Hz,
1H), 7.17~7.03 (m, 1H), 6.30~6.11 (m, 1H), 6.06 (s,
1H), 5.07~4.88 (m, 1H), 3.75~3.69 (m, 1H), 2.94~2.88
(m, 1H), 1.45 (s, 9H), 1.44 (s, 9H), 1.36 (d, J=7.2 Hz,
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3H), 1.24~1.21 (m, 12H); '*C NMR (CDCls, 100 MHz) 5:
164.9, 161.5, 155.7, 154.5, 148.3, 122.1, 105.2, 81.6, 81.0,
53.3, 28.2, 28.1, 28.0, 27.1, 22.4, 22.3, 22.0, 16.7; HRMS
caled for CaHsN4NaOs [M+ Na '] 487.2896, found
487.2894.

RT3 (S,E)-1-(5-(3,5- RT3 -1H- Ik M -1-
B)-5- S A3 -2- ) k- 1,2- R R #h 21): o bR
W), FEEE 36%, ee 22%, [a]ly —5.4 (c 1.0, CHLCL).
HPLC condition: Chiralpak IC [V(hexane) : V(i-PrOH)=
95 : 5], 1.0 mL/min, tr(major)=6.2 min, tr(minor)=5.3
min. '"H NMR (CDCls, 400 MHz) 6: 7.41 (d, J=15.5 Hz,
1H), 7.17~7.02 (m, 1H), 6.25 (s, 1H), 6.12 (s, 1H), 5.09~
4.87 (m, 1H), 1.46 (s, 9H), 1.45 (s, 9H), 1.40 (s, 9H), 1.36
(d, J=17.5 Hz, 3H), 1.27 (s, 9H); *C NMR (CDCl, 100
MHz) d: 164.6, 163.0, 157.3, 155.6, 154.5, 147.3, 123.5,
106.7, 81.5, 81.0, 53.3, 33.2, 32.3, 29.7, 29.3, 28.2, 28.1,
16.8; HRMS calcd for C2sH44N4NaOs [M+Na '] 515.3209,
found 515.3200.

%4 Bh #4 ¥} (Supporting Information) fL&%) 2a~2e,
2g~21 ) '"H NMR. 3C NMR FlE 8RS . X sett
REAT LA G 2 WA T 335 (http://sioc-journal.cn/) | N %K.
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