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Kinetic Resolution of Aldehydes Bearing an All-Carbon Quaternary
Stereocenter at the a-Position by the Antilla Allylboration

Chen, Yuliang He, Fengkai Wang, Siyun Jia, Dingcheng

Liu, Yaqun Huang, Yiyong™
(Department of Chemistry, School of Chemistry, Chemical Engineering and Life Sciences,
Wuhan University of Technology, Wuhan 430070)

Abstract Acyclic aldehydes containing a chiral all-carbon quaternary center at the a-position are important synthons for
pharmaceuticals and natural products. The challenges such as steric congestion and conformational flexibility in acyclic sys-
tems must be overcome, which constitutes to be a hot and difficult topic in the field of asymmetric catalysis. Such type of
structural motif is mainly accessed from the a-C—H functionalization of tertiary aldehydes via enamine catalysis or based on
enolate chemistry. Desymmetric and tandem strategies have also been applied for the synthetic task. The discovery of novel
synthetic methods is still highly demanding, especially in an organocatalysis manner. Binaphthol (BINOL)-derived chiral
phosphoric acids have been demonstrated as efficient bifunctional catalysts in a wide range of organic reactions including the
asymmetric allylboration of aldehydes (Antilla allylboration). We envisaged that if racemic a-all-carbon quaternary aldehydes
were applied, kinetic resolution of aldehydes through the Antilla allylboration would provide chiral aldehydes and homoallylic
alcohols containing an all-carbon quaternary center. The idea was eventually realized by employing 10 mol% (R)-3,3'-bis-
(2,4,6-triisopropylphenyl)-1,1'-binaphthyl-2,2'-diylhydrogenphosphate (TRIP) in toluene at —70 ‘C. 15 examples of racemic
aldehydes bearing electron-rich, electron-neutral and electron-deficient substituents at the phenyl ring, as well as 2-naphthyl
group were screened, affording moderate kinetic resolution performance (with an s-factor up to 37.0). The ee values of chiral
aldehydes and homoallylic products reached up to 97% and 81%, respectively. This method provides a new route for the syn-
thesis of chiral molecules bearing an all-carbon quaternary stereocenter.

Keywords chiral aldehyde; allylboration; chiral phosphoric acid; all-carbon quaternary center; kinetic resolution
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Figure 1 Examples of acyclic aldehydes containing an all-car-
bon quaternary stereocenter at the a-position
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[{4F, Yamamoto WL PAISZI T T MM AR Ak A1 31 i
BE (02N 71527 0 WGl [ S, 345 T 2 a-FHE R RE=mRIT)
Be A B RE =Y, BA 2R s {H(Scheme 1b). JEFHRATAT
HI, TR a- 2Bk ZE0RIE 1K 3)) 77 47 93 ] Sk A
DL SCHRIRIE . A 70K i TP W AR 1 AL B4 1) Antilla
W R AL S R, SR AN BES (B 1587 5y, R
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(a) Kinetic resolution of racemic spiro-epoxyoxindoles via Friedel-Crafts alkylation2]
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(b) Kinetic resolution of racemic ester via amide bond formation
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(c) Kinetic resolutive allylation of «-all carbon quaternary aldehydes (this work)
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Scheme 1 Chiral phosphoric acid-catalyzed kinetic resolution to install all-carbon quaternary stereocenter
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J1EFAR TR, T IRA TR 4 BT HITE Antilla J75 75 2
A SNE FRRTE TS B A20L, DL B A BB IR A e Ak & 470 2-
FH L2 - H IR 3L DR TR R W16 rac-1a (1.0 equiv. ) AT 7 22400
e 2 (0.5 equiv.) AR N JFRE, SR CEE — My 42
[T T BB AL F(R)-CPA-3 (10 mol%), 7E FH KA
FIFRT—60 °C 2% N A Hh & A 5h 11 2497 43 OB, 4331
DL 45%) 228 39% ee 192 B J5UE} chiral-1a, LK 47%
FER I 50% ee 12 M N FEF=Y) 3a (>20 & 1dr), iEFF
T Z#(s factor)y 4.3 (Table 1, Entry 1). ZJ5, Z0&
WA S P e, BRI, OB SR IE £
PEESAS GO R, BE SR FT T (AR AR B AS TRl A R0 e
45 SRR, 455 RBLLL A e AR, R R
W AL S R Y Bl IR A A 24 BB A () ST AR I
P BETIOR, BRI AEEMN 6 mol%IigmEl 10
mol%, KH H R NEAIM—70 CIREER, MR HEE.
[ JERE chiral-1a (177 A0 ee {553 5 4 44%F1 43%, 77
W) 3a 1) ee [EHIE R 2] 63%, IEFENMERE s N 6.7 (Table 1,
Entry 5). #t—5 2% T 5 — M F MR 4 1L ) (R)-
CPA-4, J [N R SL AR B 1 9% A 45 253k — 2542 TF (Table
1, Entry 8). #eJa, IR 1 WEIRH 4210 T 1 il R 11 1L 77
(R)-CPA-5, [t o3 2 B S i, SR 11 75 21 (1 7= 40 1 [

g JE R & AN e A (Table 1, Entry 9). 2, iE %R
MR AR N LT HEBEER(R)-CPA-3 (10 mol%) A
AR, W 2R I N7, [ M EE A —T70 C.

12 JR¥IER

TE1F B R L2 A IR, ST AME RS 1 (1)35E
YT T H 5%, R IER 2.0 EEHE T IRR AR
B A7 PHAT M EAR I R AL SR 45 SR RS, bt
TS ER chiral-1 BT BRIERENE, DAR ) N 2L e
V) 3 (RSSO B B, THE T A R IR B R AL
S.

TG, RTEEIRIR b A O A R AT T R
M ALIER 45 B FEURIER (Me, Bu fil OMe), S
SN AF B 28 FAREL, ANV R (RIS SR A2 v 0 7 2k
FE =4, S P (33%~50% ee)fl s {H(2.4~4.3)1)
HITBEAIR3b~3d). XA K& R T (le~1g),
SRR 5 (0 L2 B IR A BT, R T U
(45 S f i, [BIYCE R chiral-Te 1] ee {89 54%, AL
W) 3e [ ee F dr (525N 64%F1 5 ¢ 1, s {E R 7.7. 113
HEME, 4 R N HEFEACE(CF)E, [EI 5k
chiral-1h =4 3h #A LT IR BUEFEMEG1% ee FH

1 RNFIAL

Table 1 Optimization of reaction conditions
o O OH O
H o . O)§< catalyst (10 mol%) oY o
/\,Eo 4 A MS, solvent, temp. \©
rac-1a (1 equiv.) 2(0.5equiv) 3a
! l Ar ‘ ‘ Ar
O\P// 0...0
SN G0 il
Ar Ar
Ar = 2,4,6-(’Pr)3-CeH2 Ar = 9-anthryl Ar = 3,5-tBu-C6H3
(R)-CPA-3 (R)-CPA-4 (R)-CPA-5
Chiral-1a 3a
Ent Catalyst 1% Solvent  Temp./C  Time/h CI%' g
ntry - Catalyst (xmol%) — Solvent  Temp T T Yield % eert%  Yield/%  df eexl% s
1 (R)-CPA-3 (6) Toluene —60 21 45 39 47 >20:1 50 0.44 43
2 (R)-CPA-3 (6) CH2Cl2 —60 29 55 9 41 196:1 18 0.33 1.6
3 (S)-CPA-3 (6) Toluene —60 21 44 —37 26 1m:1 —13 074 1.8
4 (S)-CPA-3 (6) CH2Cl2 —60 45 41 -9 49 >20:1 —44 0.17 2.8
5 (R)-CPA-3 (10) Toluene —70 16 44 43 34 >20:1 63 0.41 6.7
6 (R)-CPA-3 (10) CH2Cly, —70 36 57 7 27 >20:1 17 0.29 1.5
7 (S)-CPA-3 (10) Toluene —70 21 52 —22 36 >20:1 —29 043 2.2
8 (R)-CPA-4 (10) Toluene —70 72 29 30 39 15:1 44 0.41 34
9 (R)-CPA-5 (10) Toluene —70 4 35 0 37 9:1 0 0 0

aReactions were performed with 1a (0.2 mmol), 2 (0.1 mmol), CPA catalyst, and 4A MS (25.0 mg) in solvent (0.5 mL) under N, atmosphere at the designated tem-
perature. ” Isolated yield. ¢ Determined by chiral HPLC analysis of recycled 1a. ¢ Determined by 'H NMR spectra. ¢ Determined by chiral HPLC analysis of
4-nitro-benzoate derivative of product 3a./Conversion (C)=/(ee;)/(eei+ee,). & Selectivity factor (s) was calculated according to the following equation: s=In[(1—

O(1—ee)))/In[(1—C)(1+een)].
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Table 2 Substrate scope of racemic aldehydes

Ar
& CC
H oR o (R-CPA-3 (10 mol%) |, 0-_.0
N B0 4AMS, -70°C O‘ o oH
—R toluene (0.5 mL
= 2 (0.5 equiv.) ( ) Ar
rac-1 (1.0 equiv.) (R)-CPA-3
R'=Et, i-Pr Ar =2,4,6-(Pr)sCeH,
OH ©O OH ©O OH OH O

N‘\!/U\O/\

Q,

1e, 42%, 54% ee
3e, 42%, 64% ee, 5:1 dr

1a, 44%, 43% ee
3a, 34%, 63% ee, > 20:1 dr

1b, 35%, 37% ee
3b, 48%, 45% ee, 14:1 dr

1c, 44%, 38% ee
3c, 34%, 50% ee, 6:1 dr

1d, 47%, 19% ee
3d, 30%, 33% ee, 9:1 dr
s=6.7 s=37 s=43 s=24 s=7.7

1f, 47%, 48% ee 19, 46%, 39% ee
3f, 42%, 61% ee, 5:1 dr 39, 44%, 57% ee, 6:1 dr
s$=6.6 s=53

1h, 43%, 61% ee 1i, 38%, 33% ee
3h, 38%, 76% ee, 7:1 dr 3i, 46%, 35% ee, 11:1 dr
s=135 s=28

1j, 46%, 74% ee
3j, 42%, 81% ee, 6.5:1 dr
s=21.0

OH O J\
o

OH O OH O OH O OH

o}
N\'/U\o/\ N"\!/U\O/\ N\'/U\o/\

E z
oy
1k, 43%, 35% ee 11, 50%, 16% ee 1m, 41%, 56% ee 1n, 37%, 62% ee
3k, 42%, 33% ee, 16:1 dr 31, 36%, 21% ee, 4:1 dr 3m, 43%, 57% ee, 5:1 dr 3n, 45%, 53% ee, 10:1 dr 30, 34%, 80% ee, 6:1 dr
s=27 s=1.8 s=6.3 s=6.0 s=37.0
“Reactions were performed with 1 (0.2 mmol), 2 (0.1 mmol) and (R)-CPA-3 (10 mol%) in toluene (0.5 mL) at —70 ‘C in the presence of 4 A MS (25.0 mg); iso-
lated yield; ee values were determined by HPLC analysis on a chiral stationary phase, s=In[(1—C)(1 —ee;))/In[(1—C)(1+ee;)], Conversion (C)=(ee;)/(ee; +eey);

10, 47%, 97% ee

dr was determined by '"H NMR analysis.

76% ee)FIAEXTMIEFENET ¢ 1), M EaRgE RaTH, Xz
AR ) LM S R RO SN IR ST AR B B
Tk, KA LA BRI T T LR MR )
PN LS, 435 LL 38% 7 KAl 33% ee [R5
chiral-1i, LA 46%/=%. 35% ee fHA1 11 : 1 dr 34374
3i, EFEVERE s O 2.8, HARIA B AL AR AR 45 R
FHEL, P29 A RS R R X s B PR 2 B A, SR T4 A
BAMAZ, ML Fo SRR, 3R ds R AT
[ JER) chiral-1§ F1F=47) 3§ # 2 AG BT X ik B
(74%F1 81% ee), EFENERECH 21.0. W5 F 7] e 2
[F] 437, PR AR () AU T 5 T PR R PR S R AL 1K R T AR AE
—EMEREM, AT RALESKIER. #E—Exf
RN AR I HUREE AT T %2, SR H S HUAR 1 i
Bl 1k, PL43%5= M1 35% ee [BIUUFREL chiral-1k, PL42%
FEEM 33% ee [HFRIY) 3k, AEXTHUEREE AR A
16 1, MR s A 2.7, BbAh, SRR A XA
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JEMIHEAT T 8. BRI L 2 SR 5 SALERIEST F AL
(11), LA 50%7=ZF1 16% ee IR EF chiral-11, PA 36%]
FEERN 21%) ee (HAF 31 (4 & 1 dr), s HHN 1.8, 24
IR 3 SR 4 SAL5ES F R, B RMNERS
FEARY 1e 45 R A2, BUER chiral-m F1F=4)
3m 7= 2 (41%M143%) Fl ee (B (56% M1 57%) HE ZE AL .
SRIG, WERIEAR L 2-28 2, DL 37%) 7 %M1 62% ee [N JE
%} chiral-1n, LA 45%77 3 53% ee F1 10 : 1 dr 133174
3n, EEMERE s EHN 6.0 B5, BHAEYIK) L AR
RS TIHE, A NESHIE, 3015 R g Rt R T
PL 47%= 2 H0 97% ee RIS EL chiral-1o, PL 34%/= %,
80% ee 1 6 : 1 dr 13374 30, EHENEFREL s (HILF]
37.0.

RINE 2, WTRTEI RS TR, e
T REYE T Antilla 45 P 32540 S5 F 4D St R e 49 4 15 3l
BAT 77 A AT 5y A R T I Bk I 5% A0 A7 AE KA FH A
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W, B SR S ML 26 AF T, AR S AL,
(B e £ 1 R HE LIk I B AR AR 7K

2 ZLig

ASCARIE T P BER A FIR D AN e a- S
BREA I S B, 6T 2- F 3 -2- PR I I TR R & R AN 4 TR
FEWRER TS 2 18] (A6 R Antilla 75 78 3640 OB, 5 T 55t
P L2t B 2,4,6-= 7 N 2 2R R B () 3% — iy 2Y
F IR AT, HARER, —70 CHIRMNERE,
HA B RIRYE R, FUEE EEL chiral-1 Fl S 74
FEREF=H) 3 (1) ee {5 im 73 Ik 2] 97% A 81%, dr {EJE il
>20 1 1~4 1, BRI s [N 37.0. AR5 L
VERE a- AR ZE b 1) AR FAODR B A ey I A 2 I 9 S - 1
B AR AL T — R i

3 SWES

31 X5

Wi LR 3% (NMR) ] Bruker Avance 111 500 MHz #!
WG IEIR VSO 5, LATARE T AT, TMS AN AR;
1543 # Ui (HRMS) ] Thermo Fisher Q Exactive Or-
bitrap 2 i 73 FE AN € ; R 1% HPLC 20 A%
SR B b, T 1C 5 ID il AE7E 254 nm (1)
AR W98 A W S (A v s TR R B ) e S A R R
HER S Ak 5 TRl 2 27, [ i) F e RS k) 1es 1g. 1h,
Im 752 AN TR R Ja F e, A [l
i JRE BB AT I ). I8 FH 1 TG /K B S R L
SE, ZEH R HORA SRS T KIS AR AR AERE T T4
WhPE BRSO R 2- 32 Z A R IR -0 LT
Fis TR AL 77 (R)-3,3'- XU (2,4,6- = 57 P9 3k 8 FE)-1,1"- Bk
25-2,2'- WU R 2 R 2012 HE STk 7 71 4%
3.2 ZLWHE

¥ 25.0 mg 73 74 A MS). TIEREBRMEALFIR)-
CPA-3 (7.5 mg, 0.01 mmol, 10 mol%)FIf T HN 5 mL
TR N, B RN, A R B
M JEY) rac-1 (0.2 mol)iJ 0.3 mL Jo/K HZRVER, 1E
—70 CH&AFFHEEE 10 min, SRJ5 2218 NI 8 FE R 2
APEEEE(16.8 mg, 0.1 mmol)ff] 0.2 mL Jo/K F KA.
RN EER G, K= it ) 4% 08 2 e iR o s alidh,
AR BT 1% chiral-1 R ) 9 ZEE =4 35 BLR): V(FR
R - MR R =15 © 1].

2-F L D e 3 R B 5. U R 2 TE (3a): LK
1, 18.0 mg, 77 34%, 63% ee. '"H NMR (500 MHz,
CDCL) 6: 7.25~7.18 (m, 3H), 7.12 (d, J=7.0 Hz, 2H),
5.92~5.82 (m, 1H), 5.18~5.13 (m, 2H), 4.14~4.02 (m,
2H), 3.85 (d, J=10.0 Hz, 1H), 3.19 (d, J=13.3 Hz, 1H),
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2.84 (d, J=13.3 Hz, 1H), 2.30~2.24 (m, 1H), 2.21 (s,
1H), 2.19~2.11 (m, 1H), 1.18 (t, J/=7.1 Hz, 3H), 1.12 (s,
3H; 3C NMR (126 MHz, CDCl;) J: 175.6, 137.6, 135.6,
130.3, 128.2, 126.6, 118.2, 74.3, 60.7, 52.2, 42.5, 37.6,
15.9, 14.2 (major isomer); 176.5, 136.9, 135.6, 130.4,
128.2, 126.8, 117.6, 75.2, 60.9, 51.7, 42.5, 37.0, 17.6, 14.2
(minor isomer). HRMS (ESI) calcd for CisH230; [M—l-H]+
263.1641, found 263.1642. FXTAHEZR AL AP 3a
A 5 W 2 Fo ee {E [Daicel Chiralpak ID, V(n-he-
xane) - V(i-PrOH)=95 © 5, flow rate=0.3 mL/min, 1=
254 nm, rk =39.5 min (major), kg =71.2 min (minor)].

2- I JL-2-[(4- H HE R 3 ) R Ak 13- k- 5- U R £ B
(3b): TLEIEE, 27.0 mg, F=H 48%, 45% ee. 'H NMR
(500 MHz, CDCl3) 0: 7.06 (d, J=7.7 Hz, 2H), 7.01 (d, J=
7.7 Hz, 2H), 5.92~5.83 (m, 1H), 5.18~5.12 (m, 2H),
4.17~4.03 (m, 2H), 3.85 (dd, J/=10.1, 2.4 Hz, 1H), 3.15
(d, J/=13.3 Hz, 1H), 2.81 (d, J=13.3 Hz, 1H), 2.31 (s,
3H), 2.29~2.23 (m, 1H), 2.19~2.10 (m, 1H), 1.20 (t, J=
7.2 Hz, 3H), 1.12 (s, 3H); 3C NMR (126 MHz, CDCl;) ¢:
175.6, 136.1, 135.7, 134.4, 130.1, 128.8, 118.0, 77.4, 77.2,
76.9, 74.4, 60.6, 52.2, 42.0, 37.6, 21.1, 15.8, 14.2 (major
isomer); 176.6, 136.2, 135.6, 133.7, 130.2, 128.9, 117.4,
75.1, 60.8, 51.7, 42.0, 36.9, 21.1, 17.5, 14.2 (minor iso-
mer). HRMS (ESI) caled for C;7H2403Na [M + Na] *
299.1616, found 299.1618. HPLC: FI i3k H B Xt 1k
&) 3b fiTAfb)E il ee {E[Daicel Chiralpak ID,
V(n-hexane) : V(i-PrOH)=95 5, flow rate=0.3 mL/min,
A=254 nm, tg=42.5 min (major), trr=64.5 min (minor)].

2-FHJE2-[(4-B0T He ok Jk) F O -3- 32 JE-5- U TR &
fig(3c): Lk, 21.6 mg, =% 34%, 50% ee. 'H NMR
(500 MHz, CDCls) d: 7.29~7.24 (m, 2H), 7.06~7.02 (m,
2H), 5.93~5.83 (m, 1H), 5.19~5.12 (m, 2H), 4.15~4.02
(m, 2H), 3.86 (d, J=9.8 Hz, 1H), 3.15 (d, J=13.4 Hz,
1H), 2.82 (d, J=13.4 Hz, 1H), 2.30~2.24 (m, 2H), 2.19~
2.11 (m, 1H), 1.30 (s, 9H), 1.17 (t, J=7.2 Hz, 3H), 1.13 (s,
3H); *C NMR (126 MHz, CDCls) d: 174.7, 148.4, 134.7,
133.5, 128.9, 124.0, 117.0, 73.4, 59.6, 51.2, 40.9, 36.6,
33.5, 30.5, 15.0, 13.1 (major isomer); 174.7, 148.4, 134.7,
133.5, 128.9, 124.0, 117.0, 73.4, 59.6, 51.2, 41.0, 36.7,
33.5, 30.5, 14.9, 13.2 (minor isomer). HRMS (ESI) calcd
for CyH303Na [M+Na]" 341.2084, found 341.2087.
HPLC: AXS SR FIR XA G4 3¢ ATAEAL J5 I E H: ee
{E[Daicel Chiralpak IC, V(n-hexane) : V(i-PrOH)=95 : 5,
flow rate=0.5 mL/min, A=254 nm, tx =25.8 min (major),

tr=23.8 min (minor)].
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2-HIEE-2-[(4-FH AR LR ) T 063 25 U R &
fig(3d): TR, 17.4 mg, 723 30%, 33% ee. 'H NMR
(500 MHz, CDCls) d: 7.08~7.01 (m, 2H), 6.81~6.76 (m,
2H), 5.91~5.81 (m, 1H), 5.17~5.09 (m, 2H), 4.16~4.03
(m, 2H), 3.83 (dd, /=10.1, 2.3 Hz, 1H), 3.78 (s, 3H), 3.12
(d, J=13.5 Hz, 1H), 2.78 (d, J/=13.5 Hz, 1H), 2.28~2.09
(m, 3H), 1.19 (t, J=7.2 Hz, 3H), 1.10 (s, 3H); 3*C NMR
(126 MHz, CDCl3) d: 175.6, 158.4, 135.7, 131.2, 129.6,
118.0, 113.5, 74.3, 60.6, 55.3, 52.2, 41.6, 37.7, 15.8, 14.2
(major isomer); 176.6, 158.5, 135.6, 131.3, 128.9, 117.5,
113.6, 75.1, 60.9, 55.3, 51.8, 41.6, 37.0, 17.5, 14.2 (minor
isomer). HRMS (ESI) caled for C;7H240sNa [M+Na]®
315.1566, found 315.1567. HPLC: FHXJ Al AL
& 3d fiTAEfE 2 H ee {f[Daicel Chiralpak IC,
V(n-hexane) . V(i-PrOH)=82 : 18, flow rate=0.3 mL/
min, A=254 nm, g =88.5 min (major), tr=47.8 min (mi-
nor)].

2- B -2-[(4- 9 R ik ) A L )-3- 2 ik -5- LR R 4 TR
(3e): LMK, 23.5 mg, 2H 42%, 64% ee. '"H NMR
(500 MHz, CDCls) d: 7.10~7.05 (m, 2H), 6.96~6.90 (m,
2H), 5.93~5.80 (m, 1H), 5.18~5.09 (m, 2H), 4.15~4.01
(m, 2H), 3.83 (d, J=9.8 Hz, 1H), 3.15 (d, J=13.4 Hz,
1H), 2.81 (d, J/=13.4 Hz, 1H), 2.27~2.09 (m, 3H), 1.18
(t, J=7.2 Hz, 3H), 1.10 (s, 3H); *C NMR (126 MHz,
CDCl;) o: 175.4, 161.9 (d, Jcr=244.9 Hz), 135.5, 133.3
(d, Je.r=3.4 Hz), 131.6 (d, Jcr=7.8 Hz), 118.3, 114.9 (d,
Jer=21.0 Hz), 74.1, 60.7, 52.2, 41.7, 37.7, 15.7, 14.2
(major isomer); 176.4, 161.9 (d, Jcr=245.2 Hz), 135.4,
132.6 (d, Jcr=3.2 Hz), 131.8 (d, Jcr=7.8 Hz), 117.6,
115.0 (d, Jcr=21.2 Hz), 75.2, 61.0, 51.7, 41.6, 37.0, 17.5,
14.2 (minor isomer); YF NMR (471 MHz, CDCl;) &:
—116.7 (major isomer), —116.5 (minor isomer); HRMS
(ESI) caled for Ci¢H,;03FNa [M+Na]™ 303.1367, found
303.1367. HPLC: FHXAHEEA P L &) 3e fiT LML A
M 7€ F ee fH[Daicel Chiralpak IC, V(n-hexane) @ V(i-
PrOH)=280 : 20, flow rate=0.3 mL/min, A=254 nm, tr=
29.9 min (major), g =27.2 min (minor)].

2-F R 2 [(4-F R ) L) 3- 1 L -5- A IR 4 TR
(30): LK, 24.9 mg, 773 42%, 61% ee. 'H NMR
(500 MHz, CDCls) d: 7.23~7.19 (m, 2H), 7.06~7.03 (m,
2H), 5.91~5.80 (m, 1H), 5.18~5.09 (m, 2H), 4.16~4.02
(m, 2H), 3.82 (d, J=9.8 Hz, 1H), 3.15 (d, J=13.3 Hz,
1H), 2.80 (d, J/=13.3 Hz, 1H), 2.27~2.08 (m, 3H), 1.18
(t, J=7.2 Hz, 3H), 1.10 (s, 3H); *C NMR (126 MHz,
CDCl) 6: 175.3, 136.2, 135.4, 132.5, 131.6, 128.2, 118.3,
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74.1, 60.8, 52.1, 41.8, 37.6, 15.7, 14.2 (major isomer);
176.3, 136.2, 135.4, 132.7, 131.8, 128.3, 117.7, 75.2, 61.0,
51.6, 41.7, 37.0, 17.5, 14.2 (minor isomer). HRMS (ESI)
caled for CigH»OsCINa [M +Na]* 319.1073, found
319.1071. HPLC: X AH3EA F L &9 3ETE R
M & H ee {H [Daicel Chiralpak IC, V(n-hexane) :
V(i-PrOH)=90 : 10, flow rate=0.3 mL/min, A=254 nm,
tr=46.3 min (major), fr =36.2 min (minor)].

2- H R 2-[(4- 1R IR JE ) FR R )-3- 32 i -5- U IR T
(3g): LB, 26.1 mg, F=# 44%, 57% ee. 'H NMR
(500 MHz, CDCls) d: 7.38~7.34 (m, 2H), 7.01~6.97 (m,
2H), 5.90~5.80 (m, 1H), 5.18~5.12 (m, 2H), 4.16~4.02
(m, 2H), 3.82 (d, J=10.0 Hz, 1H), 3.13 (d, J/=13.3 Hz,
1H), 2.79 (d, /=13.3 Hz, 1H), 2.27~2.08 (m, 3H), 1.18
(t, J=7.2 Hz, 3H), 1.10 (s, 3H); *C NMR (126 MHz,
CDCl3) 0: 175.3, 136.7, 135.4, 132.0, 131.2, 120.6, 118.4,
74.0, 60.8, 52.1, 41.9, 37.6, 15.8, 14.2 (major isomer);
176.3, 136.0, 135.4, 132.2, 131.3, 120.8, 117.7, 75.2, 61.0,
51.6, 41.7, 37.0, 17.6, 14.2 (minor isomer). HRMS (ESI)
caled for C;sH2O3BrNa [M + Na] " 363.0566, found
363.0566. HPLC: HXIHHZER XML &Y 3g fiTtEM
J& M 72 . ee {H [Daicel Chiralpak IC, V(n-hexane) :
V(i-PrOH)=283 : 17, flow rate=0.3 mL/min, A=254 nm,
tr=38.1 min (major), rr=30.5 min (minor)].

2-F AL 2-[4- = U B ORI P A ]-3- 32 0 -5- U R
ZTE@3h): LA, 24.8 mg, 72F 38%, 76% ee. 'H
NMR (500 MHz, CDCls) ¢: 7.50 (d, J=8.0 Hz, 2H), 7.24
(d, J=8.0 Hz, 2H), 5.90~5.81 (m, 1H), 5.19~5.14 (m,
2H), 4.13~4.02 (m, 2H), 3.84 (d, J=10.1 Hz, 1H), 3.25
(d, J=13.2 Hz, 1H), 2.89 (d, /=13.2 Hz, 1H), 2.29~2.23
(m, 1H), 2.17~2.10 (m, 2H), 1.17 (t, J/=7.1 Hz, 3H), 1.12
(s, 3H); ®C NMR (126 MHz, CDCl;) J: 175.2, 142.0,
135.3, 130.6, 129.0 (q, Jcr=32.3 Hz), 125.0 (q, Jcr=3.8
Hz), 124.4 (q, Jcr=272.3 Hz), 118.6, 74.0, 60.9, 52.1,
42.3, 37.7, 15.8, 14.2; F NMR (471 MHz, CDCl;) 4:
—62.4; HRMS (ESI) caled for Ci7H,03F;Na [M+Na]®
353.1331, found 353.1335. HPLC: FHXJAF %2 H AL
EW 3h A4 G E H ee {H[Daicel Chiralpak IC,
V(n-hexane) . V(i-PrOH)=80 : 20, flow rate=0.3 mL/
min, A=254 nm, g=23.2 min (major), fr=21.8 min (mi-
nor)].

2-F 32 -[(3-F B R Ak ) F AR -3-F Bk -5- U R TR
(3i): TR, 25.5 mg, 2% 46%, 35% ee. 'H NMR
(500 MHz, CDCl3) o: 7.14 (t, J=7.4 Hz, 1H), 7.02 (d, J=
7.4 Hz, 1H), 6.92 (d, J=8.2 Hz, 2H), 5.92~5.83 (m, 1H),
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5.19~5.10 (m, 2H), 4.16~4.03 (m, 2H), 3.86 (d, /=10.0
Hz, 1H), 3.15 (d, J=13.2 Hz, 1H), 2.82 (d, /=13.2 Hz,
1H), 2.31 (s, 3H), 2.29~2.23 (m, 2H), 2.19~2.12 (m,
1H), 1.19 (t, J=7.2 Hz, 3H), 1.12 (s, 3H); *C NMR (126
MHz, CDCl) ¢: 175.6, 137.5, 137.5, 135.7, 131.0, 128.0,
127.3 (2C), 118.0, 74.4, 60.6, 52.2, 42.4, 37.6, 21.5, 15.8,
14.2 (major isomer); 176.6, 137.6, 136.8, 135.6, 131.1,
128.0, 127.4 (2C), 117.5, 75.3, 60.9, 51.8, 42.5, 36.9, 21.5,
17.5, 14.2 (minor isomer). HRMS (ESI) caled for
C17H2403Na [M+Na]" 299.1617, found 299.1618. HPLC:
FARH SR R L&Y 31 ARSI e L ee A
[Daicel Chiralpak IC, V(n-hexane) : V(i-PrOH)=095 : 5,
flow rate=0.3 mL/min, A=254 nm, r=>50.4 min (major),
tr=>54.1 min (minor)].
2-HIEE-2-[(3-F A LR ) T 36 )-3- 25 UM R &
fi(3j): TCEIAE, 24.6 mg, F=F 42%, 81% ee. 'H NMR
(500 MHz, CDCls) ¢: 7.16 (t, J=8.0 Hz, 1H), 6.78~6.67
(m, 3H), 5.94~5.82 (m, 1H), 5.18~5.09 (m, 2H), 4.16~
4.04 (m, 2H), 3.85 (d, J=10.1 Hz, 1H), 3.76 (s, 3H), 3.16
(d, J=13.2 Hz, 1H), 2.82 (d, J/=13.2 Hz, 1H), 2.28~2.22
(m, 2H), 2.18~2.10 (m, 1H), 1.19 (t, J/=7.2 Hz, 3H), 1.12
(s, 3H); 3C NMR (126 MHz, CDCl;) J: 175.6, 159.4,
139.2, 135.6, 129.0, 122.7, 118.1, 116.1, 111.9, 74.4, 60.7,
55.2 (2C), 42.5, 37.6, 15.9, 14.2 (major isomer); 176.5,
159.4, 138.5, 135.6, 129.1, 122.8, 117.5, 116.2, 112.0,
75.3, 60.9, 55.2, 51.8, 42.5, 36.9, 17.6, 14.2 (minor iso-
mer). HRMS (ESI) caled for Ci7Hy04Na [M+ Na]*
315.1565, found 315.1567. HPLC: F XA 2K R X1k
G 3j fTHEAE I E H ee {H[Daicel Chiralpak IC,
V(n-hexane) . V(i-PrOH) = 82 [ 18, flow rate = 0.3
mL/min, A=254 nm, {x=47.3 min (major), tr=45.0 min
(minor)].
2-FUE-2-[(2- F BE 8 00 ) T B -3 - 5- CUIA R £
(3k): LMK, 23.4 mg, =% 42%, 33% ee. 'H NMR
(500 MHz, CDCls) d: 7.14~7.04 (m, 4H), 5.94~5.84 (m,
1H), 5.19~5.13 (m, 2H), 4.15~4.02 (m, 2H), 3.93 (d, J=
9.4 Hz, 1H), 3.16 (d, J=13.9 Hz, 1H), 3.05 (d, J=13.9
Hz, 1H), 2.36 (s, 1H), 2.30 (s, 3H), 2.27~2.13 (m, 2H),
1.16 (t, J=7.2 Hz, 3H), 1.10 (s, 3H); '*C NMR (126 MHz,
CDCl3) 0: 176.1, 137.2, 136.3, 135.7, 130.5, 130.4, 126.6,
125.7, 118.1, 74.7, 60.7, 52.5, 37.9, 37.5, 20.2, 15.3, 14.1;
HRMS (ESI) calcd for C17H2403Na [M+Na]" 299.1618,
found 299.1618. HPLC: FIXH iR AL 54 3k AT
AL JE I E L ee {E[Daicel Chiralpak ID, V(n-hexane) :
V(i-PrOH)=95 © 5, flow rate=0.3 mL/min, A=254 nm,
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tr=37.8 min (major), tr=56.9 min (minor)].

2- I RE-2-[(2,5- Z FHR R L) F K - 3- 2 e -5- U IR
ZEEQY): Tk, 20.7 mg, =% 36%, 21% ee. 'H
NMR (500 MHz, CDCl3) ¢: 7.02 (d, J=7.7 Hz, 1H),
6.94~6.90 (m, 1H), 6.87 (d, J=1.9 Hz, 1H), 5.95~5.85
(m, 1H), 5.20~5.11 (m, 2H), 4.16~4.04 (m, 2H), 3.95~
391 (m, 1H), 3.11 (d, J=13.8 Hz, 1H), 3.03 (d, J=13.8
Hz, 1H), 2.38 (s, 1H), 2.26 (s, 6H), 2.24~2.12 (m, 2H),
1.18 (t, J=7.1 Hz, 3H), 1.09 (s, 3H); *C NMR (126 MHz,
CDCl3) 0: 176.2, 136.1, 135.7, 134.9, 134.0, 131.1, 130.4,
127.3, 118.0, 74.8, 60.7, 52.7, 37.9, 37.5, 21.0, 19.7, 15.2,
14.1 (major isomer); 176.9, 136.1, 135.6, 134.9, 134.0,
131.2, 130.5, 1274, 117.5, 76.3, 60.9, 52.4, 38.3, 37.1,
21.0, 19.8, 17.0, 14.1 (minor isomer). HRMS (ESI) calcd
for CisH20sNa [M+Na]" 313.1772, found 313.1774.
HPLC: AIXS SRR FIRAAL G4 31 fiT A5 I5E B ee
{E[Daicel Chiralpak IC, V(n-hexane) : V(i-PrOH)=96 : 4,
flow rate=0.5 mL/min, A=254 nm, tx =29.4 min (major),
tr=31.2 min (minor)].

2-FAJE-2-[(3,4- AR HE) AL )-3- B E-5- O R &
BE(3m): JoIAE, 25.6 mg, 772 43%, 57% ee. '"H NMR
(500 MHz, CDCls) d: 7.05~6.99 (m, 1H), 6.97~6.92 (m,
1H), 6.85~6.80 (m, 1H), 5.89~5.79 (m, 1H), 5.19~5.13
(m, 2H), 4.16~4.04 (m, 2H), 3.84~3.80 (m, 1H), 3.14 (d,
J=13.4 Hz, 1H), 2.78 (d, J=13.4 Hz, 1H), 2.27~2.21 (m,
1H), 2.15~2.07 (m, 2H), 1.20 (t, J/=7.1 Hz, 3H), 1.10 (s,
3H); *C NMR (126 MHz, CDCl;) ¢6: 175.2, 150.6 (dd,
Jer=172.6, 12.5 Hz), 148.7 (dd, Jcr=72.0, 12.7 Hz),
135.3, 134.7 (dd, Jcr=5.6, 3.9 Hz), 126.2 (dd, Jcr=6.0,
3.5 Hz), 119.0 (d, Jcr=16.9 Hz), 118.5, 116.8 (d, Jcr=
16.9 Hz), 73.8, 60.8, 52.1, 41.7, 37.7, 15.7, 14.2 (major
isomer); 176.1, 150.7 (dd, Jcr=12.4, 66.0 Hz), 148.7 (dd,
Jer=12.6, 65.6 Hz), 135.3, 134.0 (dd, Jcr=5.5, 4.2 Hz),
126.4 (dd, Jcr=6.1, 3.5 Hz), 119.2 (d, Jcr=17.0 Hz),
117.8, 116.8 (d, Jc.,=16.8 Hz), 75.2, 61.1, 51.6, 41.4,
37.0, 17.5, 14.2 (minor isomer); "F NMR (471 MHz,
CDCl3) o: —138.6, —141.3 (major isomer); — 138.4,
—140.0 (minor isomer); HRMS (ESI) calcd for CisHao-
OsF;Na [M+Na]" 321.1275, found 321.1273. HPLC: fi
XA IR A ) 3m AT AE AL S 5E H ee {E [Daicel
Chiralpak IC, V(n-hexane) : V(i-PrOH) =280 : 20, flow
rate=0.3 mL/min, A=254 nm, r=25.9 min (major), tr =
24.4 min (minor)].

2- P B2 (F-2- L F OE)-3- 32 KL -5- OV R 4 16 (3n):
TR, 27.8 mg, F2% 45%, 53% ee. '"H NMR (500
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MHz, CDCl) ¢: 8.08 (d, J=8.2 Hz, 1H), 7.85~7.80 (m,
1H), 7.73 (d, J/=8.0 Hz, 1H), 7.51~7.42 (m, 2H), 7.41~
7.36 (m, 1H), 7.35~7.32 (m, 1H), 6.01~5.86 (m, 1H),
5.21~5.12 (m, 2H), 4.05~4.00 (m, 1H), 3.86~3.79 (m,
2H), 3.61 (d, J/=14.0 Hz, 1H), 3.50 (d, J=14.0 Hz, 1H),
2.48 (s, 1H), 2.30~2.12 (m, 2H), 1.14 (s, 3H), 0.91 (t, J=
7.1 Hz, 3H); *C NMR (126 MHz, CDCl) 6: 175.0, 134.7,
133.3, 132.9, 132.2, 127.8, 127.2, 126.3, 124.7, 124.4,
124.2,123.4,117.2,73.2, 59.7, 51.5, 36.6, 36.4, 15.1, 12.7
(major isomer); 175.8, 134.6, 133.0, 132.8, 132.2, 127.8,
127.6, 126.5, 124.8, 124.5, 124.3, 123.4, 116.5, 75.2, 59.9,
51.3, 36.7, 36.2, 17.0, 12.9 (minor isomer). HRMS (ESI)
caled for CyH»O:Na [M + Na] © 335.1614, found
335.1618. HPLC: FIXHZEZRFEL &Y 3n T4l
J5 il 7€ H ee {H [Daicel Chiralpak IC, V(n-hexane) :
V(i-PrOH)=286 : 14, flow rate=0.3 mL/min, A=254 nm,
tr=46.1 min (major), tr=>50.5 min (minor)].

2-FBE- 2R -3 FR -5 UG TR 7 AR (30): TE A
1, 18.8 mg, 77 34%, 80% ee. '"H NMR (500 MHz,
CDCl3) o: 7.25~7.17 (m, 3H), 7.14 (d, J=7.1 Hz, 2H),
5.95~5.84 (m, 1H), 5.18~5.13 (m, 2H), 5.00~4.92 (m,
1H), 3.85 (d, J/=10.0 Hz, 1H), 3.18 (d, /=13.3 Hz, 1H),
2.85 (d, J=13.3 Hz, 1H), 2.30~2.23 (m, 2H), 2.19~2.11
(m, 1H), 1.21 (d, /=6.3 Hz, 3H), 1.11 (d, /=6.3 Hz, 6H);
3C NMR (126 MHz, CDCL) d: 175.1, 137.7, 135.7, 130.4,
128.1, 126.6, 118.0, 74.5, 68.2, 52.0, 42.3, 37.6, 21.8, 15.9
(major isomer); 0 176.1, 137.0, 135.7, 130.5, 128.1, 126.7,
117.4, 75.4, 68.5, 51.5, 42.4, 37.1, 21.9, 17.7 (minor iso-
mer). HRMS (ESI) caled for Cj;7H»O3:Na [M + H] "
299.1618, found 299.1621. FHXIAHEZR FHERALEY) 3o
i b5 ee fH[Daicel Chiralpak ID, V(n-hexa-
ne) . V(i-PrOH)=95 : 5, flow rate=0.3 mL/min, =254

nm, fr=33.8 min (major), kg =58.4 min (minor)].

HBh# RL(Supporting Information) & W L&4 1b,
1d~10, 3a~30 /] '"H NMR. 'C NMR. FI '°F NMR ##
B 3 LR T DL A 2 AR T 19 355 (http:/sioc-journal.
en/) B ER
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