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Oxidation Kinetics Resolution of Racemic Aromatic Sulfoxides by
Chiral Porphyrin-Inspired N4 Ligand with Manganese Complex
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Abstract Oxidative kinetics resolution of racemic aromatic sulfoxide was studied by using chiral porphyrin-inspired Ny
ligands and manganese in sifu complex as catalyst, environment-friendly H,O, as oxidant and adamantanecarboxylic acid as
additive. The arylalkyl and arylbenzyl sulfoxide substrates were extended by this catalytic system. A maximum yield of chiral
sulfoxide was 40% and the enantioselectivity was 100%. In the meantime, the yield of sulfone a further oxidation products of
sulfoxide, was up to 72%. It was found that the catalytic oxidation system is more prone to electron-rich sulfoxide through the
competition experiment between electron-rich sulfoxide and electron-deficient sulfoxide substrates. In addition, the success of
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gram-scale oxidation kinetic resolution also shows that this method has a certain practical value in methodology.
Keywords ligand N,; manganese; oxidative kinetic resolution; aromatic sulfoxides; sulfone
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RN TT K B AR e AL B SR A R — P
% [F] I 5 B A ¥ e I ARAN RS Y o il A 7 7. it DA
R P U B A BN T 53R 5 5 i 2 AR o ke
P ) SRR 7 72 2 (R R B BB . H AT SRR IE
P B T LR ) A AL B 11 % 35 o & s A Ak 3 32 22
45 fk-salen!", Hl-salen!"?, #%-salen'", %5 -salen!*,
Hil-salen!" V45 4 J, 15 R85 A4 R AR A 7L LT A i
ek R, I HAREUAR T w0 il 5 1 ) 35 P R (ee >
99%)!) {H f&_ERIRIE P AEE— AN FRIRBS, TR
FRPEY TR IATIER, X T TG A 7 AR TR 2.

FEF A SIS AH 2 AT R AIRF SRR Ny fiofk S
& BAR IR AL AR R AR %R R R R
o TR B R S SR S DA R e ST A e B Ak 2 4
PECSOL B AT L P 19 e 75 7 2R BN S A h g 2
Yoo N, FEIX EARIE 7 KT & )& fi-Salen ALK R,
H,0, NEAA, SRk BB, =& b
A, £ 0 CHMF T2 M 05 FIRWREAT T8N
2, HRMEFECE 0.5 h, KRR T RMNCE,
FHE = I = T 40%, ee (R IE 100%. 7
Ab, FRATH GRS = IR AT SR, 77 3R A v ]
15 72%. MeAh, e EMI A S SR UE T 1%
AR 2R B B I 2 b B F AN

1 &R511R

T S, 5 P I i 3 O AR A R B R, A
Mn(OTY), & @RI, L1 AR, SRk H i (aca) Wi
NF, 2B AR, 25 C AT RIRMIL BT S5, Kk
i1 equiv. LA E ST AR BUT B A AR H0,
VBTN, HaO, 1F A AT BT U Y 45 R AT
He WA AT, SR TFHEI= % 58%, ee fHN
39%(# 1, Entries 1~3). 4L 0.5 equiv. H,O, {E A%
FUEE, X EEAARLAT T k. L2 ABARE, 725%H ee
EH s, 53 60%HI =2 H 40%[H] ee fH. K,
e RCAR L2 NEERCR(FE 1, Entries 4~7).

MURFERE N 0 CCHE, OBFEEREA R, 22
SEARIEREME IR AR F, TR E] 61%M N 44%1) ee
fH(# 2, Entry 1). 24 H,O0, &GN 0.8 equiv.if, &
FERAFT R B, (B MR E BT T KR e =,
AT ERTS 38% 17 %l 80% 1] ee {H(F 2, Entry 2). Z 5 X}
TEFNEAT T 9%k, B0 CHLCl ABREIRT, BARP R %
A EA, BRI BTt R, IR 39%[ 7
FHN 87%M) ee fE.(3 2, Entries 3, 4). @ik xf He Bk
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Table 1 Screening of reaction condition

O Mn(OTf, (1.0 mol%) 9. oL,
N7

s__ _ligand L (1.0 mol%) SN sl

©/ oxidant, aca (0.2 equiv.) ©/ ©/
CH4CN, 0.5 h, r.t.

1a (0.4 mmol) 1b 1c

Q L1:R="Pr
L2: R=°Bu
N
H HN L3: R =Ph
=N R N= L4:R=Bn
- L5: R = ‘Bu

Entry Ligand H,0,/equiv. Yield®/% ec“/%
14 L1 — 79 14
2¢ L1 — 60 26
3 L1 0.5 58 39
4 L2 0.5 60 40
5 L3 0.5 67 26
6 L4 0.5 68 28
7 LS 0.5 72 26

“ Reaction conditions: CH3CN as solvent, aca as additive, room temperature.
®The yield were determined by GC and nitrobenzene as interior label.  The ee
values were determined by chiral HPLC. ¢ Cumyl hydroperoxide (0.5 equiv.).
¢ tert-Butyl hydroperoxide (0.5 equiv.).
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Table 2 Screening of reaction condition

9‘ Mn(OTf), (1.0 mol%) Q. o
st L2 (1.0 mol%) SN °s_
©/ additive, solvent
49% H,0,,0.5h, 0°C
1a (0.4 mmol) 1b 1c

Entry  Solvent Additive H,0,/equiv. Yield”/% ee/%

1 CH;CN  aca 0.5 61 44
2 CH;CN  aca 0.8 38 80
3 CH,Cl,  aca 0.8 39 87
4 CH;OH  aca 0.8 68 32
5 CH,Cl, AcOH 0.8 51 57
64 CH,Cl, — 0.8 42 83
7¢ CH,Cl, — 0.8 40 84
8 CH,Cl,  aca 0.9 30 98
9 CH,Cl, aca 1.0 27 100

© 2018 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 0 C.° The yield were determined by GC and nitroben-
zene as interior label. © The ee values were determined by chiral HPLC.
“Pivalic acid. ¢ Cyclo-hexane carboxylic acid.

IR ELE, o, =HECR. A CHRKR, K
BLHAR 73 BRI A I M R (3R 2, Entries 5~7). &
Ja, BB HiIE Hy0, KIFHEN 0.9 equiv.ik 2 EHARYR
SRR (R 2, Entries 8, 9). [k, B fefd B AF N
Mn(OTf), (1.0 mol%)/L2 (1.0 mol%)/49% H,O, (0.9
equiv.)/aca (0.2 equiv.)/CH,Cl,, 0.5h,0 C.

TERAE T B AERI RN A5, BATH T ML
AR R RIS BT TR, 45 R WK 3.
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Table 3 Substrate scope of oxidative kinetic resolution of sulfoxides
o Mn(OT#), (1.0 mol%) o
1/& ] L2 (1.0 mol%) é: . O S/o
RTUR oy 02em) m R o
1@A4mmol e 0. 5h.0°C 2 3
Entry R' R? 2 3
Product Yield“/% ee”/% (conf.) Product Yield/%
1 C¢Hs CH; 2a 30 98 (R)* 3a 67
2 2-CIC4H, CH; 2b 38 88 (R) 3b 60
3 2-BrC¢H, CH; 2¢ 33 96 (R) 3¢ 64
4 2-MeOCg¢H, CH; 2d 38 96 (R) 3d 58
5 2-CIC4H, CH; 2e 31 100 (R) 3e 66
6 2-BrC¢H, CH; 2f 29 100 (R) 3f 67
7 4-CIC4H, CH; 2g 40 80 (R) 3g 57
8 4-BrC¢H, CH; 2h 30 100 (R) 3h 67
9 4-FCgH,4 CH; 2i 35 100 (R) 3i 62
10 4-O,NC¢H, CH; 2j 26 100 (R) 3j 72
11 4-MeCgH, CH; 2k 40 100 (R) 3k 58
12 4-MeOCg¢H, CH; 21 38 100 (R) 31 59
13 4-HOCH,C¢H, CH; 2m 36 98 (R) 3m 60
14 C¢Hs Et 2n 37 100 (R) 3n 60
15 C¢Hs CH,CH,0Me 20 32 100 (R) 30 65
16 C¢Hs CH,CH,0H 2p 39 94 (R) 3p 58
17 C¢Hs Bn 2q 40 100 (R) 3q 56
18  CgHs Pr 2r 39 97 (R) 3r 57
19 CeHs cyclopropyl 2s 33 91 (R) 3s 64

“ Isolated yield. ® The ee values were determined by chiral HPLC. ¢ Assigned by HPLC elution order with known literature data.

Q O Mn(OTf), (0.01 equiv.)
s, S L2 (0.01 equiv.)
/©/ * /©/ 49% H,0, (0.9 equw
MeO aca (0.2 equiv.)
0.4 mmol 0.4 mmol CH,Cl,, 0.5 h, 0 °C
1i 1

O o 0 Hea

yield 80%
ee 22%

yleld 45%

0,
yield 16% o6 80%

yield 50%

230 S V1 | I

Figure 1 Competitive experiment between 1i and 11

MR GE T DUE Y, SR 5 B2 e W RIS
YIHEEA BN 725 0 I N X RENR (34T, B v AT LASR
2F LK 40% 1 7= 2K F1 100%H) ee {H (3 3, Entries 1~
13). JEY) L BRI an s 2 AR FE YRR HR AU 0 I
JNE ()5 SR/, ERREHUAF BT =2 ee 1H.
5 5 H R R e W R R ) R R B RE TR . AR
LIEB RIS, AR RAF AT (= S A AR BRI (R 3,
Entries 15, 16). {H33RA 1R M2, 24707 2 F R e
AR AR R R K B A IR BRI, SR RS SRS 5
UFHIRCR, T 2N 37%, ee fHN 100%, FHBHR
[P 2N 60%(% 3, Entry 14). k5 58 M 174
BRI, K iz fi A Ad 22 B FH 21 05 iR B 2V i MR A Ak 30
F12ERAY ONR, R] LERTS 40%77= %, 100% ee {H T
WK, 56%7= IR 3, Entry 17). fa, REl438A
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JORREL (), 224 0 ik FE 218 Y e S L ) PR e S B e ke
T S TN e BROEA TN SR HUA I, AT 98 B 0% SR A5 B0 U 1 IR,
e PRI 250N 39%, ee fH N 97%MFIETLIN, 7%
N 64%IFBREY) 5 (35 3, Entries 18, 19).

FEJR A Bl ) i ik F e, I > AR A A [
B, B HEFPARIR 2 SR T BT R, R, &
FB IR 11 55 AR 10 78 AR R N EET RON
(B 1), fERAERRMNFMT, 8558 RM, AR
& TIPS e i SRR B i A i i B
D5 R R AR B E R AT T AR R HE BT 2%
AR R 3N J7 4% 70 5 F - AR B i )

T PNZIR S JE RS, BRI P AR
W8 A AR 20 SE 36K 2). R N 260 R, 1k
D 5e R 7 1d A 1q 58 BFBYR 73 IR B, ee E 1=

Chin. J. Org. Chem. 2018, 38, 3070~3077



Chinese Journal of Organic Chemistry

ARTICLE

BRSNS T B, BRATTHEEIN AT REE T S ML
AL, AR RN, 3 BUR BN AE S
SN T4,

(0]
$Z_ Mn(OTf), (0.01 equ'v s
©: L2 (0.01 equw @ @
OMe H202 0.9 equiv. OMe OMe
1d aca (0.2 equiv.) ield 35% K
(1g5.9mmol)  CHxCly, 0.5h,0°C )9/9 0% e

Mn(OTf), (0.01 equiv.)

@\ o L2 (0.01 equiv.) S+<07 <
St H,0, 0.9 equiv. + o]
aca (0.2 equiv.)
CH,Cl,, 0.5h,0°C
1q yield 37% yield 61%
(1 g 4.6 mmol) ee 98%

B2 1d 1 1q B8 ORS00
Figure 2 Gram-scale oxidative kinetic resolution of sulfoxides
1d and 1q

2 ZEig

R B TS RS R 1 N, B AR N Tk h
(1) 05 B RV TR IR A 3 2 =87 e B K —
Fh LARLAR L2 5 Mn(OTD), R AL 25 A0 AL 7, H0,
AT, SR R MV 7 9 5% 2 A T e AR S Ak
1R ik, WO B S A FYE R, SR T
%2 P 0 Bt A R T AR 2, B nT 3RS 40% 77
K, 100% ee (AT, F HARE Z MK R RIT
AR BV, X 55— Py 7= 2 = —— R AT TR
0, FeZifm 72%, $em 1R INE, 3B SEbR
RLF R . BEAb, IS TR g SEIG R B, AR R SE
HL 11, 5 SRS R4 70 SIZ 56 1 BH LA 350 5 P S s . FH
PE.

3 SLEES

3.1 UES5HF

AR Agilent GC-7890A AR A, A
WA, HP-5 B4, 15 mX 530 pm X 0.32 pum; FID(%S
TRIGRMES), 250 C. HEFE R EE: 260 C, #/: =
AR A, AT E: 20 mL/min. B4 6 CHR4 3
min, &30 15 CHE 230 °C, %5 5 min. SAHMGE/
JoE R ER A Agllent 7890A GC/5975C MS; JhiAH (il
Agilent 1200 1= ZGRAH (3843 Chiralcel OD-H. 'H NMR
AT PC NMR #% 4 353R: Bruker DRX 400 #HiA%, 1h2-4r
FAE CDCly HillsE, LAV H SRR (TMS) L. w2
JZHT(Thin Layer Chromatography): Sigma-Aldrich %
60F200, 254 nm LK. HENTEERL: 160 H SDZF
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TSR, PP ENE S A B BRI E 4 B R
NMR 1 GC-MS i€, F=¥E &5 Bk =4
KA COGEIE, AR SOV FTA 7210k F 73 B ok
SE BT

JERE R R TR TR Ab, S kA W RR
FERBLEAL, 2 BARAE T IR AL B,

3.2 IEE

] 25 mL 1B EFEH AR OB/ L2 (2.0 mg,
0.004 mmol)F1 Mn(OTf), (1.4 mg, 0.004 mmol), 7E 1.5
mL CH,Cl, FZ= 8 R Hi#E 3 h, ZRE A JEA(0.4 mol)F
aca (15.6 mg, 0.2 mmol). A E 0°C, i1 49% H,0,
(0.36 mmol), 7EMLIRE TR 0.5 h, Z1bRBL. R
RIKH 10% aq. Na,S,05 R AI/K ek, CH,CL 73 B A 1L
JZ, TCKBRBRAA TR, Wk Z8 BV, AT ETiEs
FH AR

(R)- FF 2 2% 2 W7 R (2a)%: %56 . W(EtOAc) :
V(CH;0CH;)=1 : 5, ok, 16.8 mg, 30%/= %, 98%
ee. HPLC: DAICEL OD-H #¥, A 5 220 nm, #iz0AH: V(IE
ok%) @ VERAEE)=90 : 10, v=0.5 mL/min; £,=14.52,
17.47 min. '"H NMR (400 MHz, CDCl;) d: 7.57 (s, 2H),
7.44 (s, 3H), 2.64 (s, 3H); °C NMR (101 MHz, CDCL) ¢:
145.64 (s), 131.01 (s), 129.33 (s), 123.44 (s), 43.93 (s).

FRHE F LN (3a)2 N WML V(EtOAC) - V(CH;O-
CH;)=1: 10, AM[E 43.2 mg, 67%7“F. mp. 84~
86 C (1it.*"1 85~87 °C); '"H NMR (400 MHz, CDCl5) o:
7.94 (d, J=17.3 Hz, 2H), 7.65 (t, J=7.4 Hz, 1H), 7.56 (t,
J=17.6 Hz, 2H), 3.04 (s, 3H); >*C NMR (101 MHz, CDCl;)
5: 140.57 (s), 133.73 (s), 129.39 (s), 127.35 (s), 44.50 (s).

(R)-2-5 K 3 I JE VA (2b) 22 PRl V(EtOAC) :
V(CH;OCH3)=1 :© 5, ik 26.5 mg, 38% 2, 88%
ee. HPLC: DAICEL OD-H #¥, A 4 220 nm, #ishAH: V(IE
okt ¢ V(REAEE)=90 : 10, v=0.5 mL/min; #,=19.83,
21.132 min. 'H NMR (400 MHz, CDCl;) 6: 7.91 (d, J=7.7
Hz, 1H), 7.49 (t, J=7.0 Hz, 1H), 7.40 (t, J=7.6 Hz, 1H),
7.35(d, J=7.1 Hz, 1H), 2.77 (s, 3H); >C NMR (101 MHz,
CDCly) d: 143.59 (s), 131.99 (s), 129.75 (d, J=1.8 Hz),
128.15 (s), 125.28 (s), 41.66 (s).

2- G RN (3D) 2B BRI . V(EtOAC) :
V(CH;0CH;)=1 : 10, HE[E{A 45.6 mg, 60%7 %, m.p.
89~91 C (lit.*™ 93~94 C); '"H NMR (400 MHz,
CDCLy) ¢: 8.15 (d, J=8.9 Hz, 1H), 7.62~7.52 (m, 2H),
7.51~7.42 (m, 1H), 3.27 (s, 3H); *C NMR (101 MHz,
CDCly) J: 138.01 (s), 134.82 (s), 132.57 (s), 131.92 (s),
130.82 (s), 127.54 (s), 42.76 (s).

(R)-2-TR 7K F H LT AN (2¢) 2 M V(EtOAC) :

http://sioc-journal.cn/ 3073
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V(CH;0CH;)=1 : 5, iR 28.9 mg, /=% 33%, ee
96%. HPLC: DAICEL OD-H %, A 4220 nm, 7izlAH:
V(IES%e) @ M HEE)=90 : 10, v=0.5 mL/min; t,=
20.76, 22.689 min. '"H NMR (400 MHz, CDCly) J: 7.94
(dd, J=7.8, 1.6 Hz, 1H), 7.64~7.49 (m, 2H), 7.37 (t, J=
6.8 Hz, 1H), 2.81 (s, 3H); °C NMR (101 MHz, CDCL;) ¢:
145.37 (s), 132.94 (s), 132.29 (s), 128.76 (s), 125.70 (s),
118.43 (s), 41.92 (s).

2- IR 4 3 H I 3e)*Y: Pk B : M(EtOAC) -
V(CH;0CH3)=1 : 10, HE[EK 60.1 mg, 64%/=%. m.p.
109~112 C (1it* 108~108.5 ‘C); 'H NMR (400
MHz, CDCl3) d: 8.19 (d, J=11.7 Hz, 1H), 7.77 (d, J=4.9
Hz, 1H), 7.60~7.37 (m, 2H), 3.29 (s, 3H); *C NMR (101
MHz, CDCls) 8: 139.72 (s), 135.46 (s), 134.76 (s), 131.18
(s), 128.14 (s), 120.71 (s), 42.40 (s).

(R)-2- PP 4 35 26 35 W1 3 0 AR (2d) 250 9 it v
V(EtOAc) : V(CH;0CH3) =1 : 5, LR 25.9 mg,
38%F#. 96% ee. HPLC: DAICEL OD-H #%, 1 A4 220
nm, JENAH: V(IESK) @ V(FRHNE)=70 30,
v=0.5 mL/min; £=10.934, 11.804 min. '"H NMR (400
MHz, CDCl;) 0: 7.78 (d, J=7.7 Hz, 1H), 7.51~7.32 (m,
1H), 7.15 (t, J=7.1 Hz, 1H), 6.89 (d, J=8.7 Hz, 1H), 3.85
(s, 3H), 2.73 (s, 3H); “C NMR (101 MHz, CDCl3) o:
154.79 (s), 133.06 (s), 131.96 (s), 124.56 (s), 121.66 (s),
110.59 (s), 55.70 (s), 41.22 (s).

2- RS SR IR 3L R (3d)P': Bk BRI
V(EtOAc) : V(CH;OCH3;) =1 : 10, H &K 432 mg,
58%7 7% m.p. 88~90 C (lit.*"™ 88~90 C); 'H NMR
(400 MHz, CDCly) 8: 7.96 (d, J=7.8 Hz, 1H), 7.59 (t, J=
7.9 Hz, 1H), 7.18~6.93 (m, 2H), 3.99 (s, 3H), 3.21 (s,
3H); *C NMR (101 MHz, CDCl;) 6: 157.20 (s), 135.62
(s), 129.66 (s), 128.24 (s), 120.72 (s), 112.33 (s), 56.31 (s),
42.93 (s).

(R)-3-5 A I JL T AN (2€) 22 il V(EtOAcC)
V(CH;0CH;3)=1 : 5, ¥R 21.6 mg, 31%/ 7%,
>99%[¥] ee f. HPLC: DAICEL OD-H #E, 1 4 220 nm,
WA V(IECK) @ VORHEE)=95 © 5, v=0.5 mL/min;
,=40.8 min. '"H NMR (400 MHz, CDCl5) 6: 7.63 (s, 1H),
7.44 (t, J=6.6 Hz, 3H), 2.71 (s, 3H); °*C NMR (101 MHz,
CDCly) d: 147.84 (s), 135.69 (s), 131.18 (s), 130.60 (s),
123.61 (s), 121.62 (s), 44.03 (s).

3-SR H L (3e) 2 P V(EtOAcC) :
V(CH;0CH;)=1 : 10, HEE{A 50.1 mg, 66%7%. m.p.
106~109 C (lit.?¥ 105.2~106.4 C); '"H NMR (400
MHz, CDCl;) 0: 7.93 (s, 1H), 7.83 (d, J=8.8 Hz, 1H),

3074 http://sioc-journal.cn/

© 2018 Chinese Chemical Society & SIOC, CAS

7.63 (d, J=8.0 Hz, 1H), 7.52 (t, J=7.9 Hz, 1H), 3.06 (s,
3H); *C NMR (101 MHz, CDCl;) d: 14221 (s), 135.62
(s), 133.92 (s), 130.78 (s), 127.59 (s), 125.53 (s), 44.45 (s).

(R)-3-IRZE R RN (20 BRI V(EtOAc) :
V(CH;0CH3)=1 © 5, BAHIR 25.4 mg, 29%)7 %,
>99%¥] ee fH. HPLC: DAICEL OD-H #§, 1 4 220 nm,
WENAH: WIECEE) @ V(R AEE)=90 : 10, v=0.5
mL/min; ,=25.138 min. '"H NMR (400 MHz, CDCl;) §:
7.77 (s, 1H), 7.58 (d, J=7.9 Hz, 1H), 7.50 (d, J=7.8 Hz,
1H), 7.36 (t, J=7.8 Hz, 1H), 2.70 (s, 3H); *C NMR (101
MHz, CDCly) &: 148.01 (s), 134.09 (s), 130.85 (s), 126.44
(s), 123.58 (s), 122.09 (s), 44.07 (s).

- GBHT B V(EtOAc) -
V(CH;0CH;)=1 : 10, HE[EK 63.0 mg, 67%5=%. m.p.
102~104 C (lit.*” 99~101 C); 'H NMR (400 MHz,
CDCly) o: 8.08 (s, 1H), 7.88 (d, J=7.8 Hz, 1H), 7.78 (d,
J=8.0 Hz, 1H), 7.46 (t, J=7.8 Hz, 1H), 3.07 (s, 3H); *C
NMR (101 MHz, CDCl5) 6: 142.34 (s), 136.85 (s), 130.97
(s), 130.44 (s), 125.98 (s), 1238 (s), 44.49 (5).

(R)-4- & # W 3 T g™ ¥ B W
V(EtOAc) : V(CH;OCH3) =1 : 5, H & 27.9 mg,
40%77 2, 80%M1] ee fH. m.p. 47~49 C (1it® 45.0~
46.3 ‘C); HPLC: DAICEL OD-H ¥, A & 220 nm, i3}
H: VAECKT) @ V(RAEE)=95 : 5, v=0.5 mL/min; t,=
39.883, 42.655 min. '"H NMR (400 MHz, CDCl;) ¢: 7.55
(d, J=8.6 Hz, 2H), 7.46 (d, J=8.6 Hz, 2H), 2.68 (s, 3H);
C NMR (101 MHz, CDCl;) 6: 144.24 (s), 137.19 (s),
129.63 (s), 124.97 (s), 44.05 (s).

4- G H LA (3g) " W W : V(EtOAC) -
V(CH;0CH3)=1 : 10, HfE{A 43 mg, 57%/ 3. m.p.
97~99 C (lit.”') 96~98 ‘C); 'H NMR (400 MHz,
CDCly) &: 7.87 (d, J=8.7 Hz, 2H), 7.53 (d, J=8.7 Hz,
2H), 3.04 (s, 3H); *C NMR (101 MHz, CDCl;) : 140.45
(s), 139.01 (s), 129.73 (s), 128.93 (s), 44.54 (s).

(R)-4- 1R 2K 3 H B AR (2h) 122200 ok B i
V(EtOAc) : V(CH;0CH3) =1 : 5, # @R 26.3 mg,
30%77 3%, >99%f] ee {H. HPLC: DAICEL OD-H ¥, A
A 220 nm, JBNAH: VOEGKD) @ V(FHEEE)=90 : 10,
v=0.5 mL/min; #,=43.165 min. 'H NMR (400 MHz,
CDCly) &: 7.65 (d, J=8.5 Hz, 2H), 7.51 (d, J=8.6 Hz,
2H), 2.70 (s, 3H); *C NMR (101 MHz, CDCl;) 6: 144.87
(s), 132.59 (s), 125.47 (s), 125.16 (s), 44.01 (s).

4- YR B LA (3h)* 0 e B W V(EtOAC) :
V(CH;0CH3)=1 : 10, HE[EK 63.0 mg, 67%5=%. m.p.
99~102 C (1it.”” 97~100 ‘C); 'H NMR (400 MHz,
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CDCly) 6: 7.81 (d, J=8.5 Hz, 1H), 7.72 (d, J=8.4 Hz,
1H), 3.05 (s, 1H); *C NMR (101 MHz, CDCl;) J: 139.56
(s), 132.73 (s), 129.02 (d, J=3.4 Hz), 44.54 (s).

(R)-4-F8 4 5L F 3L D AK(20)1 %2 R V(EtOAC)
V(CH;0CH;)=1 : 5, B {AHPIR 222 mg, 35%/7%, >
99%1] ee {. HPLC: DAICEL OD-H #%, 1 4 220 nm, ¥
FAH: VOETK) @ VERAEE)=90 : 10, v=0.5 mL/min;
£,=23.198 min. '"H NMR (400 MHz, CDCl3) §: 7.63 (dd,
J=8.8, 5.1 Hz, 2H), 7.19 (t, J=8.6 Hz, 2H), 2.69 (s, 3H);
BC NMR (101 MHz, CDCly) 6: 165.55 (s), 163.05 (s),
141.14 (s), 125.89 (s), 116.80 (s), 116.58 (s), 44.15 (s).

4- G 2 L R OBEHR 3DPY: ¥R MW V(EtOAC)
V(CH;0CH;)=1 : 10, H[E{A 43.2 mg, 62%7%. m.p.
78~80 C (1it.*" 76 ‘C); 'H NMR (400 MHz, CDCl;) ¢:
7.98 (dd, J=8.9, 5.0 Hz, 2H), 7.26 (t, J=8.6 Hz, 2H), 3.07
(s, 3H); *C NMR (101 MHz, CDCl5) 6: 167.05 (s), 164.51
(s), 136.67 (s), 130.35 (s), 116.81 (s), 116.58 (s), 44.67 (s).

(R)-4-7T 3 25 3 FF 3L WAk (25) 0220 o B v
V(EtOAc) : V(CH;0CH;)=1 : 5, &EMA[E{E 19.3 mg,
26%77 3K, >99%[] ee fH. m.p. 149~151 C (lit.!*
150~152 °C); HPLC: DAICEL OD-H #, A A 220 nm,
WEhAE: VOECKR) @ VR AEE)=90 : 10, v=0.5 mL/min;
£,=50.449 min. '"H NMR (400 MHz, CDCl;) : 8.38 (d,
J=8.8 Hz, 2H), 7.83 (d, J=8.8 Hz, 2H), 2.79 (s, 3H); "*C
NMR (101 MHz, CDCl3) 6: 153.25 (s), 149.50 (s), 124.59
(d, J=17.7 Hz), 43.88 (5).

4- T 3 2% 5 B AN 35)P0: VR B V(EtOAC) -
V(CH;0CH;)=1 : 10, JRE AL 57.9 mg, 72%7 %K.
m.p. 138.4~140.1 C (1it*"™ 139~141 ‘C); 'H NMR
(400 MHz, CDCL3) d: 8.42 (d, J=8.9 Hz, 2H), 8.16 (d, J=
8.9 Hz, 2H), 3.12 (s, 3H); *C NMR (101 MHz, CDCl;) 6:
150.88 (s), 145.95 (s), 129.00 (s), 124.66 (s), 107.57 (s),
4431 (s).

(R)-4-F R ZEE PR M (2K)20T: ¥ B
V(EtOAc) : V(CH;0CH3) =1 : 5, EOIR 27.4 mg,
40%2 3R, 99%[1] ee {. HPLC: DAICEL OD-H %%, A N
220 nm, WAHM: VOESE) @ V(FAEE)=90 : 10,
v=0.5 mL/min; t,=21.744, 24.592 min. 'H NMR (400
MHz, CDCls) §: 7.54~7.42 (m, 2H), 7.26 (t, J=10.6 Hz,
2H), 2.62 (s, 3H), 2.35 (d, J=14.3 Hz, 3H); *C NMR (101
MHz, CDCl;) 8: 142.45 (s), 141.49 (s), 130.02 (s), 123.52
(s), 43.98 (s), 21.39 (s).

4- FP L R RE AR (3K) 2128 PR V(EtOAC) :
V(CH;0CH;)=1 : 10, HEEK 39.4 mg, 58%/=%. m.p.
82~85 C (lit.*® 86.1~86.7 C); '"H NMR (400 MHz,
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CDCLy) d: 7.81 (d, J=8.2 Hz, 2H), 7.35 (d, J=8.1 Hz,
2H), 3.02 (s, 3H), 2.44 (s, 3H); “C NMR (101 MHz,
CDCLy) 0: 144.70 (s), 137.70 (s), 129.97 (s), 127.38 (s),
44.62 (s), 21.63 (s).

(R)-4- H 48 35 2% 3% FR 3K 0 AR (20270 ok e v
V(EtOAc) : V(CH;OCH;)=1 : 5, A [E K 25.8 mg,
38%7 7, >99%H] ee fH. mp. 45~47 C (it
42.0~43.6 ‘C); HPLC: DAICEL OD-H #£, 1 A 220 nm,
WENAH: V(IECKR) @ V(R AEE)=70 : 30, v=0.5 mL/min;
£,=1378 min. '"H NMR (400 MHz, CDCl3) 6: 7.54 (d, J=
8.9 Hz, 2H), 6.98 (d, J=8.9 Hz, 2H), 3.80 (s, 3H), 2.64 (s,
3H); C NMR (101 MHz, CDCl;) 6: 161.94 (s), 136.58 (s),
125.43 (s), 114.83 (s), 55.52 (s), 44.00 (s).

4- FOAR L SR LR OJE B DRl Bk B R
V(EtOAc) : V(CH;OCH3)=1 : 10, A FEAK 43.9 mg,
59%77 %, mp. 118.1~119.2 C (1it?'P 118~120 C);
'H NMR (400 MHz, CDCl;) §: 7.85 (d, J=8.9 Hz, 2H),
7.01 (d, J=6.3 Hz, 2H), 3.87 (s, 3H), 3.02 (s, 3H); °C
NMR (101 MHz, CDCly) d: 163.73 (s), 132.16 (s), 129.55
(s), 114.54 (s), 55.74 (s), 44.85 (5).

(R)-4-H 56 0 0 3 2 iz (2m) 200 ok v
V(EtOAc) : V(CH;0CH3) =1 : 5, # @R 24.5 mg,
36%=#, 98%H] ee fti. HPLC: DAICEL OD-H 4, 1 A4
220 nm, FEIAH: V(IECH) @ V(RAE)=70 : 30,
v=0.5 mL/min; £,=13.934, 15.565 min. '"H NMR (400
MHz, CDCl3) 6: 7.42 (dd, J=20.7, 8.4 Hz, 4H), 4.62 (s,
2H), 3.93 (s, 1H), 2.60 (s, 3H); “C NMR (101 MHz,
CDCly) J: 145.33 (s), 143.46 (s), 127.57 (s), 123.60 (s),
63.93 (s), 43.64 (s).

4- AR 3L 2 R (3m)PH: WE W M(EtOAc) -
V(CH;0CH;)=1 : 10, HE[E{A 44.7 mg, 60%7Z. m.p.
83~86 C (lit?” 81~82 C); 'H NMR (400 MHz,
CDCLy) 0: 7.87 (d, J=8.3 Hz, 2H), 7.54 (d, J=8.0 Hz,
2H), 4.79 (d, J=5.8 Hz, 2H), 3.03 (s, 3H), 2.36 (s, 1H);
C NMR (101 MHz, CDCl;) 6: 147.40 (s), 139.26 (s),
127.53 (s), 127.23 (s), 64.09 (s), 44.57 (s).

(R)-4- 2. 3 2% 3 W 3 W AR 2n)® ¥k B -
V(EtOAc) : V(CH;OCH;)=1 © 5, # Ailiik 22.8 mg,
37%7% 3%, >99% ee. HPLC: DAICEL OD-H #¥, A iy 220
nm, WEIH: VOECKE) @ MFEAEE)=70 : 30, v=0.5
mL/min; £,=10.505 min. '"H NMR (400 MHz, CDCl;) ¢:
7.57 (d, J=6.3 Hz, 2H), 7.48 (dd, J=9.2, 3.9 Hz, 3H),
2.87 (dd, J=13, 7.4 Hz, 1H), 2.73 (dd, J=13, 7.4 Hz, 1H),
1.15 (t, J=7.4 Hz, 3H); “C NMR (101 MHz, CDCL,) §:
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143.26 (s), 130.93 (s), 129.13 (s), 124.16 (s), 50.27 (s),
5.96 (s).

4- 7 F LN BT BEBLW: V(EtOAC) :
V(CH;0CH3)=1 : 10, HE[EK 40.8 mg, 60%/= 3. m.p.
39~41 C; '"H NMR (400 MHz, CDCl;) d: 7.92~7.72
(m, 2H), 7.58 (t, J=7.4 Hz, 1H), 7.49 (t, J=7.5 Hz, 2H),
3.04 (q, J=7.4 Hz, 2H), 1.17 (t, J=7.4 Hz, 3H); *C NMR
(101 MHz, CDCLy) 6: 138.40 (s), 133.72 (s), 129.27 (s),
128.10 (s), 50.50 (s), 7.39 (s).

(R)-((2- AL 2 6 TP T 9 56 25 (20)1' 533 e JBE 3k
V(EtOAc) : V(CH;0CH3) =1 : 5, LR 23.6 mg,
32%7=E, >99%] ee fH. HPLC: DAICEL OD-H #, A
49220 nm, FEHAH: VOECHR) @ VORHAEE)=95 1 5, v=
0.5 mL/min; ,=11.36 min. "H NMR (400 MHz, CDCl;) §:
7.34 (d, J=7.1 Hz, 2H), 7.24 (t, J=7.7 Hz, 2H), 7.15 (t,
J=7.3 Hz, 1H), 3.54 (t, J=6.8 Hz, 2H), 31 (s, 3H), 3.08
(t, J=6.8 Hz, 2H); *C NMR (101 MHz, CDCI3) §: 136.10
(s), 129.37 (s), 128.98 (s), 126.16 (s), 71.11 (s), 58.71 (s),
33.16 (s).

(- F 4 2 ) 8 BE 2 ) 2K 30): 2 M
V(EtOAc) : V(CH;OCH3)=1 : 10, LR 52.0 mg,
65%7*%. "H NMR (400 MHz, CDCl;) J: 7.89 (d, J=7.2
Hz, 2H), 7.63 (t, J=8.0 Hz, 1H), 7.54 (t, J=7.6 Hz, 2H),
3.71 (t, J=6.2 Hz, 2H), 37 (t, J=6.2 Hz, 2H), 3.20 (s,
3H); *C NMR (101 MHz, CDCl;) 6: 139.70 (s), 133.80
(s), 129.20 (s), 128.02 (s), 65.66 (s), 58.73 (s), 56.11 (s).

(R)-2-(PEF W HEEE ) 2 B (2p) %) o i v
V(EtOAc) : V(CH;0CH3) =1 : 5, LIk 26.5 mg,
39%F%HK, 94%1] ee ft. HPLC: DAICEL OD-H 4, 1 A4
220 nm, FAIHH: V(IECHK) @ V(RHEE)=90 : 10,
v=0.5 mL/min; #=10.014, 11.229 min. '"H NMR (400
MHz, CDCl;) d: 7.69~7.58 (m, 2H), 7.58~7.47 (m, 3H),
3.95 (dt, J=11.6, 7.5 Hz, 1H), 3.76~3.52 (m, 1H), 3.27~
2.95 (m, 2H), 2.21~1.71 (m, 1H); *C NMR (101 MHz,
CDCly) d: 142.81 (s), 131.44 (s), 129.52 (s), 123.90 (s),
59.38 (s), 36.69 (s).

2-(CRELAEERL) 2 FE3p)P): Vel V(EtOAC) :
V(CH;0CH3)=1 : 10, LR 43.2 mg, 58%7%. 'H
NMR (400 MHz, CDCl;) 0: 7.92~7.82 (m, 2H), 7.62 (t,
J=7.4 Hz, 1H), 7.53 (t, J=7.6 Hz, 2H), 3.92 (s, 2H), 38~
3.26 (m, 2H), 3.20 (s, 1H); >C NMR (101 MHz, CDCl;) ¢:
138.99 (s), 134.08 (s), 129.47 (s), 127.92 (s), 58.20 (s),
56.14 (s).

(R)- % JE 2 56 WK (2q)™: ¥ Wi W : V(EtOAc) :
V(CH;0CH3)=1 : 5, TLHPIR 34.6 mg, 40%77 %, >
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99% ee. HPLC: DAICEL OD-H 4%, 1 4 220 nm, Jizhi:
VOES k) @ M(FEEE)=90 : 10, v=0.5 mL/min; ¢,=
17.431 min. '"H NMR (400 MHz, CDCl3) §: 7.49~7.32
(m, 5H), 7.25 (d, J=7.6 Hz, 3H), 6.98 (d, J=7.5 Hz, 2H),
4.09 (d, J=12.6 Hz, 1H), 3.99 (d, J=12.6 Hz, 1H); "*C
NMR (101 MHz, CDCl5) 6: 142.80 (s), 131.17 (s), 130.37
(s), 129.15 (s), 128.86 (s), 128.46 (s), 128.25 (s), 124.44
(s), 63.61 (s).

FHRILFINB ) Pl V(EtOAc) © V(CH;0-
CH;)=1: 10, MR 52.0 mg, 56%7/*Z. 'H NMR
(400 MHz, CDCl;) 8: 7.61 (dd, J=14.9, 6.7 Hz, 3H), 7.45
(t, J=7.8 Hz, 2H), 7.36~7.20 (m, 3H), 7.08 (d, J=7.1
Hz, 2H), 4.31 (s, 2H); >C NMR (101 MHz, CDCl) ¢:
137.83 (s), 133.72 (s), 130.83 (s), 128.73 (dd, J=21.8, 8.5
Hz), 128.11 (s), 62.91 (s).

(R)- 7 N % 2K 3 WM @r)PY ve i W
V(EtOAc) : V(CH;OCH;)=1 : 5, # Ak 26.3 mg,
39%72 3K, >99% ee. HPLC: DAICEL OD-H ¥, A 4 220
nm, WM VOESK) @ MFAEE)=70 : 30, v=0.5
mL/min; ¢ = 8.944, 9.878 min. 'H NMR (400 MHz,
CDCLy) &: 7.63~7.54 (m, 2H), 7.55~7.44 (m, 3H), 2.82
(dt, J=13.7, 6.9 Hz, 1H), 1.21 (d, J=6.9 Hz, 3H), 1.13 (d,
J=6.8 Hz, 3H); °C NMR (101 MHz, CDCl;) J: 141.69
(s), 130.99 (s), 128.97 (d, J=17.6 Hz), 125.02 (s), 54.54
(s), 15.79 (d, J=16.1 Hz), 13.95 (s).

S P L I PR B3 PR V(EtOAC) ¢
V(CH;0CH3)=1 : 10, IR 42.0 mg, 57%/%. 'H
NMR (400 MHz, CDCl;) d: 7.63~7.54 (m, 2H), 7.54~
7.40 (m, 3H), 2.82 (dt, J=13.7, 6.9 Hz, 1H), 1.22 (d, J=
6.9 Hz, 3H), 1.13 (d, J=6.8 Hz, 3H); *C NMR (101 MHz,
CDCLy) §: 141.77 (s), 130.97 (s), 128.96 (d, J=18.6 Hz),
125.01 (s), 54.54 (s), 15.79 (d, J=16.4 Hz), 13.94 (s).

(R)- ¥R T4 % 2% 3 B WK 29)7 P T VR -
V(EtOAc) : V(CH;OCH;)=1 © 5, # Aliik 22.0 mg,
33%=#, 91%1] ee fti. HPLC: DAICEL OD-H 4, 1 A
220 nm, BIAH: VOECHTE) @ M(RAED)=95 : 5, v=0.5
mL/min; £=10.299, 12.073 min. 'H NMR (400 MHz,
CDCly) d: 7.61 (dd, J=7.7, 1.9 Hz, 2H), 7.46 (dd, J=9.2,
3.3 Hz, 3H), 2.21 (t, J=7.9 Hz, 1H), 1.25~1.04 (m, 1H),
1.03~0.95 (m, 1H), 0.94~0.83 (m, 2H); *C NMR (101
MHz, CDCl;) J: 138.95 (s), 128.81 (s), 126.62 (s), 125.03
(s), 12.14 (s), 8.64 (s).

A 3 2K gL SR AR (3s): VR V(EtOAC) -
V(CH;0CH3)=1 : 10, IR 46.6 mg, 64%/=%. 'H
NMR (400 MHz, CDCl;) 6: 7.86 (d, J=7.4 Hz, 2H), 7.60
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(t, J=7.4 Hz, 1H), 7.51 (t, J=7.6 Hz, 2H), 2.49~2.35 (m,
1H), 1.29 (dd, J=4.8, 2.1 Hz, 2H), 0.99 (dd, J=7.9, 2.1

Hz,

2H); C NMR (101 MHz, CDCl;) 0: 140.69 (s),

133.39 (s), 129.25 (s), 127.49 (s), 32.87 (s), 5.95 ().

4 BT KL(Supporting Information) &%) L1~L5.
2a~2s. 3a~3s [AZHEILIREE BRI, X Lepkln] DA
G 9l AT 9 328 (http://sioc-journal.cn/)_F F %K.
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