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Fig. 1 Represented biologically active y-valerolactones.
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Ni(OAc),.H,0 (0.01 mmol) 1 fic & (R,R)-QuinoxP”
(0.012 mmol), % A 7 A B I FEF 19 TR R
WA R RS RO #S B 1,4-dioxane (1 mL) JiTA X
N Y, &R TR TR N AR ) B A
30 min J5, MEFIFR & y—ERERJIE ) (0.2 mmol) AT N
#| Zn(OTf), (0.02 mmol), HeJ5 FHANA 1,4- A
(1 mL). ¥ FiR VAR T A R RO 4
L, RARSIEES B 3K, BF RANESE
H 3 MPa, #4 74 S S R R R 22 A 70 C /Y
A IR R RE ROV 82 R, TLCGHZ (il
) RO, U v A o 2 SR v R, 8 A T - £ R
WE (RFRLEE 5 = D FEE S 27, Hisfb &4
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FNFH XN BRI G W) 2 (22 ~ 22), 4% 14 7
T 5 SCHR R E 10 24280 % He HPLC % 5, I
R &5 UNE 2 .

(S)-5-H JE — Gk I -2(3H)-F (2a) : To (AWK,
31 mg, YR : 96%, 92% ee; [a]¥=—13.33 (c=0.14,
CH,CL,). 'H NMR (400 MHz, CDCl;) 6: 7.49 ~ 7.30
(m, 5H), 5.58 ~ 5.46 (m, 1H), 2.77 ~ 2.59(m, 3H),
2.20 (ddd, J=12.8, 8. 2, 5.2 Hz, 1H); '3C NMR (100
MHz, CDCly) 6: 176.9, 139.4, 128.8, 128.5, 125.3,
81.3, 31, 29.0. ee {E H i KB AH 3 13 FHEAE AS-H
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Br 9
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2x, 65% Y%, 61% ee 2y, 82% W%, 93% ee 2z, 72% WK, 60% ee
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Fig. 2 Scope of substrates
(25 cm x ¢0.46 cm ID) M5, Z51F R VIEC ke Y WK, 33 mg, W% : 96%, 90% ee; [a]P=—12.22
( 5 7 B ) =70/30, 1.0 mL/min, 2=254 nm; fypo—  (c=0.12, CH,CL) . '"H NMR (400 MHz, CDCl;) o:
11.0 min, £,,j,=13.0 min. 729 ~ 7.21 (m, 2H), 7.05 ~ 6.96 (m, 2H), 5.41 (dd,
(S)-5-(4-FoRKL) —EWE-2(3H)-B (2b): ot J=8.3, 6.0 Hz, 1H), 2.64 ~ 2.53 (m, 3H), 2.16 ~ 2.03
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(m, 1H); 3C NMR (100 MHz, CDCL;) 6: 175.7, 161.6,
134.1, 126, 114.7, 79.7 30.0, 28.0; '°9F NMR (376
MHz, CDCly) J: —113.4. ee {& H & 808 A 8 3o F 1
# AS-H (25 cm x ¢0.46 cm ID) Ml 5, 514K V(IE
o %e )/ V(5 N B ) =70/30, 1.0 mL/min, =254 nm;
Iminor=16.7 min, 4,60, =19.7 min.

(S)-5-(4-FAARHL) AL -23H)-il (2¢): L1
Wk, 38 mg, WK 2 95%, 90% ee; [a]X=—5.08
(c=0.059, CH,Cl,). '"H NMR (400 MHz, CDCly) ¢:
7.40 ~ 7.34 (m, 2H), 7.31 ~ 7.25 (m, 2H), 5.48 (dd,
J=8.1, 6.1 Hz, 1H), 2.74 ~ 2.60 (m, 3H), 2.22 ~ 2.06
(m, 1H); 3C NMR (100 MHz, CDCL,) : 176.6, 137.9,
134.3, 129.0, 126.7, 80.5, 31.0, 28.9. ee {8 JH i 8 Wk
A FPERE AS-H (25 em x¢ 0.46 cm ID) M, 4%
£ VOE C %)/ V(O N B ) =80/20, 1.0 mL/min,
A=254 nm; £y, =15.3 min, Z5,,=18.1 min.

(S)-5-(4-1RORHE) A Wk -2(3H)- (2d): {8
&, 45.6 mg, Y% : 95%, 90% ee, [a]X=—8.91
(¢=0.131, CH,CL). 'H NMR (400 MHz, CDCI;) ¢:
7.56 ~ 7.51 (m, 2H), 7.24 ~ 7.19 (m, 2H), 5.47 (dd,
J=79, 6.4 Hz, 1H), 2.71 ~ 2.61 (m, 3H), 2.18 ~ 2.09
(m, 1H); 3C NMR (100 MHz, CDCL;) 8: 176.5, 138.5,
132.0, 127.0, 122.4, 80.4, 30.9, 28.8. ee {8 JH 2 8 Wk
HHE 1T FHEAE AS-H (25 em x¢0.46 cm ID) Wl 5E, 4%
P8 VOE C %)/ V(S N B ) =70/30, 1.0 mL/min,
A=254 nm; fyino=11.5 min, £5i,,=13.8 min.

(S)-5-(3-FAKL) — A WEMi-2GH)-FR (2e): o4
WA, 31 mg, WF: 81%, 77% ee; [alX=—13.75
(¢=0.16, CH,Cl,). "H NMR (400 MHz, CDCl;) : 7.36
(td, J=7.9, 5.9 Hz, 1H), 7.11 (d, J=7.7 Hz, 1H),
7.08 ~ 7.00 (m, 2H), 5.50 (dd, J=9.8, 4.8 Hz, 1H),
2.74 ~ 2.63 (m, 3H), 2.24 ~ 2.11 (m, 1H); 3C NMR
(100 MHz, CDCly) d: 176.5, 163.0 (d, J=248.46 Hz),
142.0 (d, J=7 Hz), 130.5 (d, J=8 Hz), 120.8 (d, J=3
Hz) 115.4 (d, /=21 Hz), 112.5 (d, J=22 Hz), 80.3, 30.9,
28.7; 9F NMR (376 MHz, CDCl;) 6: —112.0, —112.0,
~112.0. ee B H = 8080HH 8 1 FPEHE AS-H (25 emx
¢0.46 cm ID) M 5& , 5 . VOE C Be V(=N
fi ) =70/30, 1.0 mL/min, /==210 nm; #,;,,,~7.4 min,
fmajor=3-5 Min.

()-5-(3- A LE) S KM -2(3H)-id (2): To
WA, 38 mg, WL . 78%, 85% ee; [@]=—54.17
(¢=0.016, CH,CL). 'H NMR (400 MHz, CDCL;) ¢:

7.36 ~ 7.29 (m, 3H), 7.22 (ddd, J=5.5, 3.3, 1.2 Hz,
1H), 5.50 ~ 5.45 (m, 1H), 2.73~ 2.62 (m, 3H),
2.23 ~ 2.09 (m, 1H); 3C NMR (100 MHz, CDCl;) ¢:
176.5, 141.5, 134.8, 130.2, 128.6, 125.5, 123.4, 80.2,
30.9, 28.8. ee {H H i %0 ik AH 38 o FPE4E AS-H (25
cm *$0.46 cm ID) WM&, 2544 R VOECBE) V(F A
fi£ ) =70/30, 1.0 mL/min, A=254 nm; #,,;,,,=10.8 min,
Imajor—12.9 min.

(S)-5-(4-(= U 3k ) 2R Jk ) — &k i -2(3H)-fid
(2g): G o W 1A, 45 mg, UK % . 82%, 85% ee,
[@]3=—15.04 (c=0.133, CH,Cl,). '"H NMR (400 MHz,
CDCI,) 6: 7.66 (d, J=8.2 Hz, 2H), 7.47 (d, J=8.2 Hz,
2H), 5.60 ~ 5.54 (m, 1H), 2.79 ~ 2.62 (m, 3H),
2.23 ~ 2.11 (m, 1H); 3C NMR (100 MHz, CDCl;) ¢:
176.4, 143.5, 130.7, 125.7, 122.5, 80.2, 30.9, 28.7; 'F
NMR (376 MHz, CDCly) 6: —62.6. ee {1 F 1= % B A
i FHEAE AD-H (25 em x¢ 0.46 cm ID) Il &, 4%
. VAE & B8V TN BE)=85/15, 1.0 mL/min,
27254 nm; £yino=19.9 min, £,5,=25.5 min.

(S)-5-(2-( = U H Jk) 2R Jk ) — & Wk i -2(3H)-Fiid
(2h): & {4 WK, 43 mg, U K 83%, 70% ee,
[@]3=—17.56 (c=0.093, CH,Cl,). 'H NMR (400 MHz,
CDCly)é: 7.68 (d, J=7.8 Hz, 1H), 7.63 (dd, J=4.6, 3.7
Hz, 2H), 7.50 ~ 7.42 (m, 1H), 5.88 (dd, J=10.9, 4.0 Hz,
1H), 2.79 ~ 2.67 (m, 3H), 2.07 (ddt, J=10.8, 8.8, 7.2
Hz, 1H); 3C NMR (100 MHz, CDCL;) 6: 176.7, 138.6 ,
132.6, 128.4, 126.8, 126.1, 125.5, 122.8, 77.5 , 31.9,
28.8; 'F NMR (376 MHz, CDCl;)d: —58.6. ee {E.JH =
OR3P YRR AS-H (25 em x ¢0.46 cm ID) il
5E, AR VAE & K )V N B )=60/40, 1.0
mL/min, A=210 nM; £y =6.1 MiN, £15i0,=6.9 min.

(S)-5-(4-F E FL IR L) A Wi -2(3H)-i (2i):
I A, 34.5 mg, % 90%, 30% ee, [a]lX=+5.75
(€=0.029, CH,Cl,), %% 55 144 ~ 146°C. "H NMR (400
MHz, CDCly) d: 7.27 ~ 7.22 (m, 2H), 6.90 (t, J=5.7
Hz, 2H), 5.44 (dd, J=8.2, 6.2 Hz, 1H), 3.80 (s, 3H),
2.67 ~ 2.55 (m, 3H), 2.22 ~ 2.12 (m, 1H); 3C NMR
(100 MHz, CDCly) d: 177.0, 159.8, 131.2, 127.0,
114.1, 81.4, 55.3, 30.9, 29.2. HRMS(ESI) C,,H,,05,
[M+H]" m/z: 193.085 9, Sl 193.0860. ee {ELH 4K
M T8 1 TR AS-H (25 em x¢0.46 cm ID) i 22,
%44 . VQE © %% )/ V(5 TR B )=70/30, 1.0 mL/min,

A=254 0 £y =20.2 min, £5i0,25.6 min.
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(S)-5-(5, 6, 7, 8-PU A Z5-2-5L) A Wk -2(3H)-
B (2§): JC @WK, 13.2 mg, WK 34%, 72% ee,
[@]¥=-0.82 (¢=0.122, CH,Cl,). 'H NMR (400 MHz,
CDCLy) 6: 7.10 ~ 7.06 (m, 1H), 7.05 ~ 7.02 (m, 2H),
547~ 542 (m, 1H), 2.76 (t, J=6.4 Hz, 4H),
2.68 ~ 2.57 (m, 3H), 2.26 ~ 2.14 (m, 1H), 1.83 ~ 1.77
(m, 4H); 3C NMR (100 MHz, CDCL3) 8: 177.1, 137.6,
136.4,129.5, 126.1, 122.5, 81.4, 77.4, 77.0, 76.7, 30.9,
29.4, 29.1, 23.1. HRMS(ESI) C,,H,40,, [M+H]" m/z:
217.122 3, 529 217.1224. ee {1 FH 55 4% i 4 3 o
PEFE AS-H (25 cm x ¢0.46 cm ID) | &, 518 K. V
(1F & ke )Y V(5 TN 5)=70/30, 1.0 mL/min, =254 nm;
Iminor=10.6 min, £, =14.6 min.

(S)-5-([1, 1"-JEHHE 1-4-38) — Sk i -2(3H)- i
(2K): 15 [ R, 47.9 mg, UK # . 95%, 90% ee,
[@]¥=-6.25 (c=0.032, CH,Cl,). 'H NMR (400 MHz,
CDCly) 6: 7.64 ~ 7.57 (m, 4H), 7.48 ~ 7.34 (m, 5H),
557 (dd, J=9.2, 4.9 Hz, 1H), 2.75 ~ 2.65 (m, 3H),
2.29 ~ 2.20 (m, 1H); 3C NMR (100 MHz, CDCl;) 6:
176.9, 141.5, 140.5, 138.3, 128.9, 127.6, 127.1, 125.8,
81.1, 31.0, 29.0. ee {H JH & &80 A 8 o F-PEAE AS-H
(25 cm x$0.46 cm ID) W %E, 2544 h: VOE C )/ VI
N E)=70/30, 1.0 mL/min, A=254 nm; #,,;,,,=10.8 min,
=21 min.

(S)-5-(4'-H -1, 1RO I 1-4-3) — S0 g -
2(3H)-fi] @21): F o 1A, 49 mg, W3: 99%, 87% ee,
[@]¥=-14.38 (¢=0.102, CH,Cl,). '"H NMR (400 MHz,
CDCly) J: 7.64 ~ 7.57 (m, 2H), 7.49 (d, J=8.1 Hz, 2H),
7.39 (d, J=8.2 Hz, 2H), 7.27 (s, 1H), 5.59 ~ 5.53 (m,
1H), 2.74 ~ 2.64 (m, 3H), 2.29 ~ 2.20 (m, 1H); *C
NMR (100 MHz, CDCly) §: 177.0, 137.5, 134.4, 131.7,
130.3, 130.0, 128.2, 124.4, 124.2, 120.7, 81.2, 31.0,
29.1. HRMS(ESI) C,,H,0,, [M+Na]" m/z: 275.104 3,
S 275.1039. ee {H H E R AR @ 1 TP AS-H
(25 cm x¢0.46 cm ID) M %2, 2544 h: VOE 2 %)/ V(I
N E)=70/30, 1.0 mL/min, A=254 nm; #,;,,,=11.1 min,
Imajor—13.3 min.

(S)-5-(4"- 2 FE-[1, - OR B 1-4-0%) — Sk g -
2(3H)-B (2m): A1, 51.9 mg, YK 98%, 95%
ee, [a]¥=—10 (c=0.12, CH,Cl,), % /& 113~ 115%C.
'H NMR (400 MHz, CDCl;) 6: 7.63 ~ 7.59 (m, 2H),
7.54 ~ 7.49 (m, 2H), 7.39 (d, J=8.1 Hz, 2H), 7.28 (d,
J=8.3 Hz, 2H), 5.58 ~ 5.54 (m, 1H), 2.73 ~ 2.65 (m,

maj or

5H), 2.29 ~ 2.20 (m, 1H), 1.29 (d, J=7.6 Hz, 3H); 13C
NMR (100 MHz, CDCl;) 8: 176.9, 143.8, 141.5, 137.9,
128.4, 127.3, 127.0, 125.8, 81.1, 31.0, 29.0, 28.5,
15.6. HRMS(ESI) C,5H,50,, [M+Na]" m/z: 289.1199,
SN 289.1198. ee A R AH 8 & F-H:4E AS-H
(25 cm x¢0.46 cm ID) M52, 2518 K. VQEE k) V(S
N EE)=90/10, 1.0 mL/min, =254 nm; #,;,,,=22.5 min,
=25 min.

(S)-5-(4"- 5 -[1, 1'-15¢ 2R 5 1-4-Fk ) — & vk g -
2(3H)-fid (2m): 1 {5 [ 1A, 45.2 mg, WCF: 88%, 92%
ee, [a]¥=—10.80 (c=0.108, CH,CL)), ¥ fi 163~
165 °C. 'TH NMR (400 MHz, CDCl;) §: 7.59 ~ 7.51 (m,
4H), 7.40 (d, J=8.2 Hz, 2H), 7.18 ~ 7.10 (m, 2H),
5.60 ~ 5.52 (m, 1H), 2.75 ~ 2.65 (m, 3H), 2.28 ~ 2.19
(m, 1H); 3C NMR (100 MHz, CDCl;) 6: 169.6, 142.4,
137.6, 136.0, 134.0, 128.4, 127.7, 126.7, 126.2, 123,
58.3, 52.0, 20.5, 20.2; '°F NMR (376 MHz, CDCl;)
5: —115.2. HRMS(ESI) C,¢H;FO,, [M+Na]" m/z:
279.079 2, SE: 279.0785. ee {5 FH 25 200 AH 38 3o T
PEAE AS-H (25 cm x¢0.46 cm ID) W 5E, 5544 K. v
(1E & B8 )/ V(5 TN %)=80/20, 1.0 mL/min, A=254 nm;
Lminor=23.1 Min, £,i0,=31.5 min.

(8)-5-(4"-F-[1, 1"-HK 78 1-4-38 ) — & K R -
2(3H)-B (20): 14 [ 1K, 53.5 mg, W3 98%, 90%
ee, [a]P=—10.85 (c=0.126, CH,Cl,), #& & 170 ~
172 °C. 'H NMR (400 MHz, CDCly) &: 7.51 (d,
J=38.1 Hz, 8H), 5.60 (s, 1H), 2.73 (s, 3H), 2.27 (s,
1H); '3C NMR (100 MHz, CDCly) d: 177.0, 139.0,
134.0, 129.3, 128.6, 127.6, 126.1, 81.2, 31.2, 29.2.
HRMS(ESI) C,¢H,5C10,, [M+H]" m/z: 273.067 7, 52
M : 273.0678. ee fEF w5 250 i AR 8 o T P4 AS-H
(25 cm x¢0.46 cm ID) M2, 254 H: VOE 28/ V(5
N EE)=70/30, 1.0 mL/min, =254 nm; f,;,,,=16.0 min,
fmajor=20.2 min.

(S)-5-(4"-L-[1, 17-HR R 1-4-08 ) = & vk i -
23H)-fll (2p): M [ A&, 50.7 mg, Y % : 80.2%,
96% ee, [a]¥=—7.22 (c=0.12, CH,Cl,), #& i 201 ~
203 °C. 'TH NMR (400 MHz, CDCl;) 8: 7.62 ~ 7.55 (m,
4H), 7.48 ~ 7.39 (m, 4H), 5.56 (dd, J=9.2, 5.2 Hz, 1H),
2.80 ~ 2.59 (m, 3H), 2.30 ~ 2.11 (m, 1H); *C NMR
(100 MHz, CDCly) d: 140.3, 132.0, 128.7, 127.3,
125.9, 80.9, 77.3, 77.0, 76.7, 29.0. HRMS(ESI)
C1¢H 3BrO,, [M+Na]" m/z: 338.999 1, S 338.9996.

maj or
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ee {8 FH 55 RO A 8 3 F-PE A AS-H (25 em x¢0.46
cm ID) M58, 4140 VE 2 %t )/ VR R BE)=70/30,
1.0 mL/min, A=254 nm; £, =14.8 min, £io,=18.5 min.

(8)-5-(2 -1 -[1, 1'-HR % JE J-4-H ) — S Wk i -
2(3H)-Fiil (2q): TG O WK, 46.3 mg, 1K 73.3%,
94% ee, [a]¥=—5.97 (c=0.134, CH,Cl,). 'H NMR
(400 MHz, CDCly) d: 7.67 (dd, J=8.0, 1.1 Hz, 1H),
748 ~ 7.15 (m, 8H), 5.59 ~ 5.54 (m, 1H), 2.70 (qd,
J=17.5, 3.8 Hz, 3H), 2.32 ~ 2.23 (m, 1H); 3C NMR
(100 MHz, CDCl;) d: 176.8, 141.8, 141.3, 138.7,
133.2, 131.2, 129.8, 129.0, 127.5, 125.0, 122.5, 81.0,
30.8, 29.0. HRMS(ESI) C;¢H,3BrO,, [M+H]" m/z:
317.0172, 521: 317.0171. ee {H F &5 2% v A i 3t T
PEAE AS-H (25 cm x¢0.46 cm ID) &, 554 Hy: v
(iE & %)/ V(5 N B%)=70/30, 1.0 mL/min, /=254 nm;
finor=14.3 min, £y,i0,=16.1 min.

(8)-5-(3 -1 -[1, 1'-H % JE J-4-J ) — S Wk i -
2(3H)-Fii] 2r): FIEA, 53.3 mg, PR 84.3%, 81%
ee, [a]¥==3.76 (¢=0.062 CH,Cl,), %% 15 49 ~ 51°C. 'H
NMR (400 MHz, CDCl;) d: 7.64 (t, J=1.8 Hz, 1H),
752~ 7.47 (m, 2H), 7.44 ~ 7.38 (m, 2H), 7.33 (d,
J=8.2 Hz, 2H), 7.22 (t, J=7.9 Hz, 1H), 5.47 (dd, J=9.3,
5.1 Hz, 1H), 2.65 ~ 2.57 (m, 3H), 2.13 (dddd, J=10.3,
7.2, 4.4, 1.7 Hz, 1H); 13C NMR (100 MHz, CDCl;) 6:
175.8 141.5, 138.9, 138.0, 129.4, 129.1, 126.5, 124.8,
121.9, 79.9, 29.9, 27.9. HRMS(ESI) C,H,3BrO,,
[M+H]" m/z: 317.017 2, SZ: 317.0175. ee {ELH FiAK
W AHE 3 AR AS-H (25 cm x¢0.46 cm ID) 52,
MR VQE C %)/ V(R Y B )=70/30, 1.0 mL/min,
4=254 nm; £5500,=16.2 min, £5,,=17.9 min.

(8)-5-(4-"FHERHL) A KNG -2(3H)-Hil (2s): T
A, 44.5 mg, W : 89%, 94% ee, [a]X=—7.02
(c=0.095, CH,Cl,). '"H NMR (400 MHz, CDCl;) 6:
731~ 7.15 (m, 9H), 5.46 (dd, J=7.7, 6.4 Hz, 1H),
3.98 (s, 2H), 2.67 ~ 2.55 (m, 3H), 2.24 ~ 2.10 (m, 1H);
13C NMR (100 MHz, CDCLy) 8: 176.9, 141.6, 140.7,
137.1, 129.3, 128.9, 128.5, 126.2, 125.6, 81.2, 77.4,
77.1, 76.7, 41.6, 30.9, 29.0. HRMS(ESI) C,;H;¢O,,
[M-H]™ m/z: 251.107 8, S 251.1079. ee B H =i 4K
WM 8 o FPEAE AS-H (25 ecm x¢0.46 cm ID) il 7€,
MR VQE C %)/ V(R Y B )=70/30, 1.0 mL/min,
4=254 nm; £5i00,=13.4 min, £,5i,,=17.9 min.

(8)-5-(A-(4- 47 ) 2R k) — % Wk 1 -2(3H)-fi

Q@t): Wk, 41 mg, W E . 72%, 92% ee,
[@]¥=-5.18 (¢=0.103, CH,Cl,). 'H NMR (400 MHz,
CDCl,) d: 7.25 (dd, J=8.3, 2.5 Hz, 4H), 7.18 (d, J=8.1
Hz, 2H), 7.10 (d, J=8.3 Hz, 2H), 5.47 (dd, J=7.9, 6.2
Hz, 1H), 3.94 (s, 2H), 2.67 ~ 2.58 (m, 3H), 2.17 (ddd,
J=13.6, 8.0, 49 Hz, 1H); *C NMR (100 MHz,
CDClLy) 6: 176.9, 141.0, 139.2, 137.4, 132.1, 130.3,
129.2, 1287, 1259, 8l1.1, 409, 309, 29.0.
HRMS(ESI) C,;H,5Cl0O,, [M—H]™ m/z: 285.068 8, =&
I 285.0692. ee fH F w5 250 W AH 38 5o T ME4E AS-H
(25 cm x¢0.46 cm ID) W%, 25440 VOE C %)/ VR
N EE)=70/30, 1.0 mL/min, A=254 nm; #,,;,,,=15.9 min,
Imajor=24.3 min.

()-5-(4-FR LRI ) — Sk IR -2(3H)- (2u):
P E R, 37 mg, 0K 94%, 87% ee, [a]X'=—10.86
(¢=0.135, CH,Cl,), % & 125 ~ 127°C. 'H NMR (400
MHz, CDCl;) 8: 7.38 ~ 7.28 (m, 4H), 7.15 ~ 7.10 (m,
1H), 7.04~ 6.98 (m, 4H), 551~ 545 (m, 1H),
2.69 ~ 2.59 (m, 3H), 2.26 ~ 2.15 (m, 1H); 3C NMR
(100 MHz, CDCly) 6: 176.8, 157.6, 156.8, 133.8,
129.9, 127.1, 123.7, 119.2, 118.8, 81.1, 30.9, 29.1.
HRMS(ESI) C¢H 405, [M—H]™ m/z: 253.087 3, Sl
253.0877. ee {H FH 1= AU #H 38 o F M4 AS-H (25
cm x¢0.46 cm ID) M 5E, 2514 K. VOE C RO/ VRN
i y=70/30, 1.0 mL/min, /=254 nm; f,,;,,~25.2 min,
fmajor=33.8 min.

()-5-(3, 4- RS AWk -2(3H)-Fid (2v):
Tt W, 31.2 mg, YR 69%, 3% ee, [a]X=
—18.52 (¢=0.117, CH,Cl,). 'H NMR (400 MHz,
CDCI,) 8: 7.26 (t, J=1.8 Hz, 1H), 7.17 ~ 7.14 (m, 2H),
537 (dd, J=9.6, 4.9 Hz, 1H), 2.66 ~ 2.56 (m, 3H),
2.12 ~ 2.04 (m, 1H); 3C NMR (100 MHz, CDCl;) ¢:
176.0, 142.9, 135.6, 128.6, 123.7, 79.4, 30.7, 28.6. ee
{ELFH T 3808 3 F- P A AS-H (25 cm x¢0.46 cm
ID) M %€, 2% F M. VQE & % VR TH BE)=99/1, 1.0
mL/min, =210 nm; Zi50,=15.5 min, Z,,5,,=21.7 min.

(S)-5-(3-4 -5-H 5 7 ) = & ik W -2(3H)-Fif
@w): 1 4 [ &, 204 mg, I : 90%, 30% ee,
[@]X=—4.35 (c=0.023, CH,Cl,), % i 65~ 67°C. 'H
NMR (400 MHz, CDCl3) 6: 7.29 (d, J=8.3 Hz, 1H),
7.24 ~ 7.17 (m, 2H), 5.68 ~ 5.62 (m, 1H), 2.72 ~ 2.62
(m, 3H), 2.32 (s, 3H), 2.12 ~ 2.01 (m, 1H); '3C NMR
(100 MHz, CDCly) 6: 176.7, 136.1, 133.8, 130.6,
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126.5, 125.7, 78.3, 29.6, 28.6, 18.8. HRMS(ESI)
C,,H,,ClO,, [M+H]" m/z: 211.052 0, S=1ill: 211.0519.
ee {E JH T BB E i FPEAE AD-H (25 cm x$0.46
cm ID) JU5E, ZHF . VIE E4E)/ VI EE)=99.5/0.5,
1.0 mL/min, A=254 nm; Z,n,=10.8 min, £,io,=11.6 min.

(R)-5-(Z5-2-35) — & "Wk Wi -2(3H)-F (2x): TG {4,
WK, 27.4 mg, W H: 65%, 61% ee, [a])=—62.86
(¢=0.175, CH,CL)). 'H NMR (400 MHz, CDCI;) ¢:
7.90 (dd, J=7.1, 2.3 Hz, 1H), 7.84 (dd, J=7.6, 2.4 Hz,
2H), 7.59 ~ 7.45 (m, 4H), 6.26 (t, J=7.0 Hz, 1H),
2.94 ~ 2.84 (m, 1H), 2.75 ~ 2.60 (m, 2H), 2.34 ~ 2.24
(m, 1H); 3C NMR (100 MHz, CDCl;) d: 177.2, 135.0,
133.8, 129.5, 129.2, 128.8, 126.6, 125.9, 125.4, 122.5,
121.6, 78.6, 30.0, 28.3. ee A FH i OB AH i 1 F-P A
AS-H (25 cm x¢0.46 cm ID) il %, 2514 K. V(EE
%52 )/ V(5 N B )=70/30, 1.0 mL/min, =254 nm; ;0=
27.6 min, fyyio,=24.7 min.

(S)-5-(8-TR ZE-2-55) A KMG-2(3H)-I (2y): I
o [ R, 47.3 mg, WK 82%, 93% ee, [a]X=—3.57
(c=0.112, CH,Cly), 4 1 133 ~ 135°C. 'H NMR (400
MHz, CDCl;) 6: 8.02 (d, J=1.7 Hz, 1H), 7.80 (d, J=8.6
Hz, 2H), 7.72 (d, J=8.7 Hz, 1H), 7.60 (dd, J=8.7, 1.9
Hz, 1H), 7.44 (dd, J=8.6, 1.7 Hz, 1H), 5.70 ~ 5.65 (m,
1H), 2.77 ~ 2.69 (m, 3H), 2.32 ~ 2.24 (m, 1H); 13C
NMR (100 MHz, CDCl3) 6: 176.9, 137.5, 134.4, 131.7,

O Ni(OAc), 4H,0 (z=5%),
OH (R)-Duanphos (2=6%)

130.3, 129.9, 128.2, 124.4, 124.2, 120.7, 81.2, 31.0,
29.1. HRMS(ESI) C,4H,BrO,, [M+H]" m/z: 291.001 5,
S 291.0013. ee {E H RO AH 8 & F-H:4E AS-H
(25 cm x¢0.46 cm ID) M52, 25180 VQE B ke )/ V(R
N E£)=70/30, 1.0 mL/min, =254 nm; #,;,,,=17.9 min,
Lmajor=22.4 min.

(S)-5-7K 2 3 — A Wk I -2(3H)-Fi (22): TC {0
&, 273 mg, I % . 72%, 60% ee, [a]¥=+57.89
(c=0.095, CH,Cl,). 'H NMR (400 MHz, CDCl;) d:
733~ 725 (m, 2H), 721 (t, J=6.8 Hz, 3H),
4.51 ~ 4.43 (m, 1H), 2.87 ~ 2.69 (m, 2H), 2.57 ~ 2.50
(m, 2H), 2.36 ~ 2.26 (m, 1H), 2.05 (dtd, J=14.1, 8.7,
5.5 Hz, 1H), 1.97 ~ 1.81 (m, 2H); '3C NMR (100 MHz,
CDCly) 6: 177.2, 140.7, 128.5, 126.19, 79.93, 374,
31.6, 28.8, 27.9. ee {H ] = B0 AHE o FVE4HE AS-H
(25 cm x¢0.46 cm ID) M52, 25084 VQE ke )/ V(5
N EE)=85/15, 1.0 mL/min, =254 nm; t,;,,,=16.4 min,
=18.7 min.

maj or

2 HR5SE

21 A

2. 1.1 RmAME A y-BIRR 1a fEHBHR
&Y, EARANE R EIEXS A XS FR A A SN A5 A TR
K (K 3). 5L Ni(OAc) ,-4H,0 F1(R)-Duanphos
NT A Zn(OT) , AL . 2R i

o Zn(OTH),, (z=10%)
Tol,130 °C,3 MPa H,

1a

! g PPh,
l : PPhZ

(R)-(+)-BINAP

P
é’” Q
(R,R)-Me-BPE

PPh,

PPh,
(2R, 3R)-dppe

(R)-Xyl-SDP

& 3

@/(;
£ g

(0)
@ j
Fe PPh,
- @

(R.S)-PPF-P'Bu,

X
L
X

(R,R)-QuinoxP*

(5,5)-PhBox

R-Duanphos

Bic A 0% 1% |2 8 5K

Fig. 3 Genearal formula for ligand screening reaction
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F, 7E 130 °C JBi, AELL 98% WH A 61% ee 15 F
ARFREA W) 2a(FE 1 HFES 1), #E Tk, A
BT W T BRSO (G5 R, DA S BG4

K, A E BT I BUBERLAK (R, R)-Quinox P,
(2R, 3R)-dppe FI (R, R)-Me-BPE E.A & M5+ 1)
X W e B (F 5 2 ~ 4, 80% ~ 85%) . 1] 24 i FH] &
W b 22 1) (AR ) oz I AR AN AR (P45 5), ik
(JF*5 6) AR R ELAR (75 7) WA & A (i H
(R)-Binap At & HAETS R 40% W, [ W %A 74k

EHEE (TS 8). Wik, ATHRLH & (R, R) -
Quinox P*FI(R)-Duanphos A A% Hb 5 BEAR 1 AL 14,
2R I S5

FER Ok, FRATN SO R AT 58, NS g 2
(L2 UEH M 130 C = 50 C i F#H, (R,
R)-Quinox P*VE R HELIA, 70 °C F2 0 i Xof e 2k % 1 A7
JITREAIR. Sy Tk — 20 $i g S g (8 0T By S B, FRATT
MEET =5 R 2B W, Fe( OTY) 5.
AgOTE X B 2 B M g ik B R 477K F (JF 5 5~ 6),

*1 ECiRFE
Tab. 1 Screening of Ligand

Fe [ERES ) f ] /b /% X WP /Yo

1 (R)-Duanphos Zn(OT9), 11 98 61

2 (R, R)-Quinox P* Zn(OTf), 16 90 39

3 (2R, 3R)-dppe Zn(OTf), 10 93 35

4 (R, R)-Me-BPE Zn(OTf), 12 95 35

5 (S, S)-PhBOX Zn(0Tf), 15 Ik —

6 (R, S)-PPF-P'Bu, Zn(OT9), 15 — —

7 (R)-xyl-SDP Zn(OTf), 18 — _

8 (R)-Binap Zn(OT9), 18 40 _

TR .
2 REGRMFLGETMAMLER
Tab.2 Optimization of temperature, additives and solvents
P Fic A I IBl sl TEE/C /% X IR %

1 (R)-Duanphos Zn(OTY), SIS 90 93 88
2 (R)-Duanphos Zn(0Tf), H R 70 93 77
3 (R)-Duanphos Zn(OT1), SEEN 50 80 92
4 (R, R)-QuinoxP* Zn(OTf), H R 70 95 92
5 (R, R)-QuinoxP" Fe(OT1), S-S 70 10 89
6 (R, R)-QuinoxP" AgOTf SRS 70 20 84
7 (R, R)-QuinoxP* Al(OTH), H R 70 87 87
8 (R, R)-QuinoxP* Cu(OTf), SiPS 70 — —
9 (R, R)-QuinoxP* Znl, S-S 70 — —
10 (R, R)-QuinoxP* — SiPS 70 — —
11 (R, R)-QuinoxP”* Zn(OTf), MeCN 70 R —
12 (R, R)-QuinoxP” Zn(OTY), DMF 70 — —
13 (R, R)-QuinoxP” Zn(OTY), DCE 70 96 92
14 (R, R)-QuinoxP” Zn(OTf), 14- N 70 96 92
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{E SRR 24480 1 ALCOTE) 5 FiF, 52 o7 AT & % ke
e B MR AR B I8 B K B9k (RS 7)), i i
Cu(OTH) . Znl, SASIIAGR NN R HBAS fig & A
(JF 55 8~ 10) . XF AN [F] ¥ 7 i) % 58 R W] (Jy 5
11~14), % 7 DCE. 1, 4- 4R LIAN, YT RN
FEFLA A BLES R AR A RE & 4. Foh DCE. 1, 4-
TS TR YT RN B R R, A E] 2a 17N
96%, Xf BEIEEEVE N 92%.

2.1.2  y-BA B b B BN A0 AL L R 4t RRL
W CUTE T RN RS, AR T &
AN TR BRI Y T 2 76 4 10 S N ) 3K 5
(&1 4). A3RATE 242, TR RS Be g R 21k
IFSE i, 1R FIARRL Y -GN TR, WO ER 99%,
X W B R AR 98%. FEA LM AT WL FL & (F .
Cl, Br. CF3) i, 15 2 /9 p—13 P4 g A X5 il 6 46
(77% ~ 92%) FILHR (81% ~ 96%) HFAX & (2a ~ 2e),
LR A ] 2 A W HL 7 JE A (FL CL. CFs) 1)y~
P2 P 520 485 SR AR AR (2F ~ 2h). — B UE, 722K
WA 2 P BUREE 0 55 JE R T LRt oAy
A R B R 190 5 5 P A o v B R B .

MORR B A AR (2i) X ERETE R 30%
ee, T A PR AT (2)) W B 34%. Ml &
IR BLEE A Y o T BRI, iR & W
TR R L, SR Y R B R R (81% ~
98%) AR (72% ~ 99%) ABELFEAE 2k ~ 2r). 24 y—
T P 12 0 — % R e 5 R TR I, O R B AR
LR BHAR (25 ~ 2u), 20 AR AL BRI 254 2 4
HRAR J 15, 52 1y ) A0 23R ORI XS Bl 3 2 M BT T R
(2v,2W). T LR ) T B2 R A 7 e 1) T
PR AE I SN A A A i DA v 48 A 0 238 RS Bl i
BT 2 B AR - BE (2x ~ 22).

22 B MRS E AL TR R 1 S AL A
SR SCHROA1S] B AT BB A B ML R AN 1A 4 PIE/R. 1
%, FHREAY S E R NA8FHR 4k, 5
la BCA A5 2 AR AL Bfif5, 80K Ni—H E B4
AFEA SRS, oA A 52 EiAk B, R 5,
A B #52 | A3 2 E ik C, BHE C #A
PR A B T-45 2 Hh fE] & D, HhiEik D 5 1 A=z
e 2 A5 2 e R E IR AR T AR A, 5L E
(1 I BR AL AR 2] -1 - N R 2a.

H -
Ni(OAC),4H,0 + (R.R)-Quinoxp* ———» NiL'H,

(0]

OH
R)K/W Zn2+
1a O
Zn?*
Ol,
R)\/YQ\ )
__ NiL'H,
A (0]
_Zn2+
HL"
\Ni'o 'HR
g J
o B
H+

& 4

AT RERY 2 RZAL3E

Fig. 4 Possible mechanism
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Study on asymmetric hydrogenation of y-keto acid catalyzed by Ni/Zn
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Abstract: Chiral y-valerolactone is an important structural motif of many important natural products and

bioactive molecules. This paper reports a cheap and efficient method to prepare chiral lactones. A series of chiral

lactone derivatives were obtained by asymmetric hydrogenation of commercially available y-aryl keto acids with

hydrogen as hydrogen source with the Ni-Zn co-catalytic system. The catalytic system has shown good substrate

applicability, affords corresponding chiral y-valerolactones in up to 99% yield with up to 98% ee. The present

methodology has provided an efficient and economical method for valuable chiral p-valerolactones, and has

important potential applications in organic synthesis and pharmaceutical industry.
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