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Chiral Resolution of Biphenol and Asymmetric Alkylation under
Phase Transfer Catalysis

Ke, Cuilian” Xu, Weiping” Liu, Da“ Liu, Yan™* Maruoka, Keiji*?
(“ School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006, China)
(® Graduate School of Pharmaceutical Sciences, Kyoto University, Sakyo, Kyoto, 606-8501, Japan)

Abstract Chiral phase transfer catalysts play extrememly important role in the construction of natural products, the core
structures of chiral drugs, and functional chiral chemicals, therefore have attracted more and more attention in recent years. In
this paper, the chiral resolution of biphenyl skeletons was achieved by utilizing the readily available (R)-a-methoxy benzene
acetic acid as resolution agent. A series of new biphenyl type of phase transfer catalysts were designed and synthesized based
on the optically pure C,-symmetric chiral biphenyl framework. These catalysts are readily applicable to asymmetric alkylation
of N-(diphenylmethylene)glycine tert-butyl ester with excellent enantioselectivity (up to 96%) and yield (up to 97%). The
structure-activity relationship study on these catalysts showed that the methylation of hydroxyl group at C2 and C2' position is
favorable for the selectivity, introduction of fert-butyl group at C3 and C3' position is unfavorable to both selectivity and
reactivity. The catalysts bearing 3,4,5-trifluorophenyl group or 3,5-bis(trifluoromethyl)phenyl group at C5 and C5' position

showed good reactivity and selectivity.

Keywords phase-transfer catalysis; biphenyl derivatives; chiral resolution; asymmetric alkylation
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Scheme 1  Structure of Maruoka catalysts

e Ak, Jig 721232529300 ORI RR BB e P25 T AR
BRAT NP AR R R A A B0 R BRI
PRSI B A B R A i g AL
FEA AR IGEIE A R EL BRI N F T IF R R AR TR
NG FFR AL, TR E 221 2 R Maruoka FH#: 5%
AT, TEAKEIRGEIEAL S B B 358 v PR A v
(0.01~1 mol% M A7 FH &)L ST AR IR B,
o-FEIERUR a-BIERR 1A AR T SZH 7 k04353536,
I S A TR 2R 250 T PRI A AR G A 4 A7 1 T
RAEREE. N7 HEZIMEATN], FRATR X PR AT
W 5,5 R-3,3"-RUT 2E-6,6'- U H JE-2, 2 ORI it
177 FHRAE. DLRR)- I 2 e AR 4 7, 1@
Tk 5 A T e P R R T i AR AT R R s x4 4k
2P, oG MR —BRRATAEY R ee H>99%
(Scheme 2a). AT, (R,R)- K3k 2 —J&AE AR I A%
o, BRAEE A Bk, AT SRR Al R R i ik
FIEEE, ST RIS IR i
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Scheme 2 Chiral resolution of the skeletons of axial chiral bi-
phenyl derivatives
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1S B HRESL FE P(RS)-4(MCR N 49%) FIXUES 1L 7= 4
(R,R,R)-5(NHE A 32%). LALTR L 1Hg/ — & F bi/1E c kst
(ARFREE 1012 200 080, (b EYIR.S)-4 1 RefE N
0.5, LEMI(R,R,R)-5 1] R fHA 0.3. WAEVI(R,S)-4 F
(R,R,R)-5 % LiAlH, it J5 J5 18 2L 2= ai i i F AL &4
(S)-3 FI(R)-3, F=Z AN 96%, 0 C F{EF K@ — 5 F
TR o B TS0 (S)-3 FI(R)-3 HEAT I KAl T 36 S,
BT YA Y(S)-6 FI(R)-6, 772N 94%.
1.2 BB F RSB ELTIHE
TEFTHARE 7 TAERSEAE I, R T i — D SR 2K
Sy P A B R A R A A T R o A 119 S N 3 P
IEFRPE, WHE AT 8 MBI LABR IS 1B Ak A A AN X
FRBESFEAL S S IR R R (1) 2,2'1 B2 5 5o AL R R,
Bt A T 2,2 B A 2,2 H AR SE BRI A7 (2)
33N BRI B sE e, Bt R T 3,3 LA T BB &
AL BAREE AL, (3) 5,50 75 & 3L B smi, it
GRT 5,500 3,4,5- =GR B AN 3,5-80( =51 HH &)
RBE BRI AR, DAAR 2049 21 2 Al i T iy
BAAEVIS)-3 FI(S)-6 MIFEE, 1EZ B H I (DME)
FKER AR ZR T, PA[P(Ph)s]s F1 Na,CO; FA7ERME T,
5 3,5-00( =5 ) RN R AT AR B B, 75 2 i 7
HEA(S)-7 FI(S)-8, WLEE 7N 97%H 94%. Ak

; OH n-BuyNBrj OH
Bu CH,Cl,/MeOH Bu
rt,1h

99% yield

LiAIH,
o THF, Ar
( Ph HO O 0°Ctor.t.
Bu Br
< R,S)-4 (49% yield) (S)
+
Bu Br
¢ IJ
é-o0 LiAIH,
- EE THF, Ar
—C-0 0°Ctorit.
S8
Bu Br
(R,R,R)-5 (32% yield) (R)-3

(S)-7 F(S)-8 7E R T LA K,CO, JEEERF, 5l FF e e
B, ¥ 2,20 R BT H R, 045 B AL [A]
1(S)-9 FI(S)-10, WHE5HIN 99%FT 99%. HiEA(S)-9
FI(S)-10 7EHEF LUBHE 5 T IS (AIBN) KN A H13£ 5] &

A, N-RART BRI (NBS) AL, K 6,6'0 F L3t
TR, 153 B h E A (S)-11 FI(S)-12, Yo o35l
94%F1 96%, HHAMA(S)-11 FI(S)-12 £ ZHEH LA K,CO5
NETRR, 5T FE S RAR B R(S)-13 AL
(S)-14. R 351N 66%F1 82%. X4 7(S)-13 A
(S)-14 1) 2 SrA0 2'57 2 FEAEAY J SiAG 21 2 A7 A0 2'07 F dk
f1I(S)-15 FI(S)-16 fEALTI, UK 73 71 81%1 85%. 1% %
FIEATILE S ALAN SBL A 3,5- X (=9 L) R EE, Ak
£ Scheme 3 fiw.

BT RIRERI A 7%, AR5 B0 a5 Al F
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Scheme 2 Chiral resolution of 2,2'-diphenol derivatives
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CF CF
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-78°Ctor.t.
CF3 CF3 CF3
200
»-11: R = Bu, 94% yleld )-13: R ='Bu, 66% yield (S)-15: R = 1Bu, 81% yield
(3) -12: R = H, 96% yield (S) 14: R = H, 82% yield (S)-16: R = H, 85% yield
B3 MEAILFIS)-13, (S)-14, (S)-15 FI(S)-16 K& 2
Scheme 3 Synthetic route for catalysts (S)-13, (S)-14, (S)-15 and (S)-16
F
F F
Ar—B F R ‘ F
Pd(PPh3)4 CHsl NBS
Na,CO3 K,CO3 H3;CO AIBN
DME/H,0 acetone H;CO benzene
F
R O l F
F F
F
(R)-3: R="Bu (R-1T: R =Bu, 93% yield (R)-19: R = 'Bu, 95% yield
(R)-6:R=H (R)-18: R = H, 95% yield (R)-20: R = H, 99% yield
Bu,NH
H3CO KZCO3 3CO BBT3
H;CO CH4CN H;CO CH,Cly, Ar
-78°Ctort.
(R)-21: R =Bu, 78% yield R)-23: R = 'Bu, 80% y|e|d (R)-25: R = 'Bu, 57% yield
(R)-22: R = H, 94% yield (R) -24: R = H, 81% yield (R)-26: R = H, 50% yield

B 4 BILTIR)-23, (R)-24, (R)-25 FI(R)-26 HIA 2k
Scheme 4 Synthetic route for catalysts (R)-23, (R)-24, (R)-25 and (R)-26
AFPERAT T HEFC. LA N-ZORIEEHE R H AR T B RS KOH (50% aq)(MAULLy 3 D+, F
29 FRALFAE AR B ZRATAEY 30, RA A 0 C LRGSR T AT HACAXFRE AL, i) 8 4
TR A S AP Ne SR I I 3 T R R R T 16 (29) WK IR AR L F M A 7R AN R TT K 2L R Maruoka AH#%
(1.0 equiv.), JR1LI(3.0 equiv.), 1 mol%HIAHEL #4141k 771, FEHEALT(S)-27 F(S)-28 [MEILLE RA T3 1 .
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K1 AR ERRATEY 29 AXFREEHEAG SR K0
MR

Table 1 Catalytic enantioselective phase-transfer alkylation of
glycine derivative 29

PTC (1 mol%)

0o
KOH (50% aq.)
Ph._N )< BAadb ka7
\(/ \)J\o + PhCH,Br toluene, Ar, 0°C
Ph 29
0] )<
Ph\(/N * o
Ph Ph
30

Entry Catalyst Time/h  Yield/% ee/Y% (config.)
1 ($)-13 30 77 81 (R)
2 (S)-14 9 97 93 (R)
3 ($)-15 36 70 61 (R)
4 ($)-16 8 95 91 (R)
5 (R)-23 21 92 76 (S)
6 (R)-24 7 97 96 ()
7 (R)-25 22 86 64 (S)
8 (R)-26 4 97 91 (5)
9 ($)-27 4 94 86 (R)
10 (5)-28 6 95 98 (R)

“'H NMR yield was determined by using 4-nitroacetophenone as an internal
standard.

R 1 A1, 75 0 CRIBARE R, BORARE S
AL 7 BE 8 A RO AL N-— 2 58 P 0 3 1 S B T i
Q9 I IAL B, RBUERA 70%~97%, ee {HN
61%~98%. X 1% F HI B RS B B Ak 72 AT #2006
AWRRIL: (1) 2 6F1 26 AT ARG, 7o
BUAK, ee EIETHARE. (2) 3 A0 3ALA BRI [
I SO B R K. 2 3 AT 3 A BN B
HUARSE A SRR I, (LS M SOk B M AR i, TR RO
95%~97%, ee 1N 91%~98% (Entries 2, 4, 6, 8, 10). 24
HUREER 3,4,5- R FEIUARIE IS, 72288 94%, ee fH A
86%, LGV RO B A BT T B (Entry 9). 24 3 A7l
37 G NABUT 28 KA B AT B, e 700 10 e 12 9 1 B e
AT R (1) B4 /K (Entries 1, 3, 5, 7). (3) 5 S0 A1 5'f%
(1Y EBAR 2 06T 2% e A e 1 7)) S BE V% i A i 438 1k e 2
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ARH RSB RR AR . 12 B R U — T T VB i
FBHAE SR TR I, 55— J7 TN BRA B 2R
R A EL B FE S M. BT 22 i Maruoka AL 770
A1) Maruoka HEAETHICERZE B L IUAR B RS EAL TR fiE AL
SRR AT FT 45 RO, 3,4,5- = FUREA 3,5-30
(=980 P 28 ) R B A R T S PR e 2, PR B AT IR
FAHB R AT 5 LA 5L TN 3,4,5- = FRFERN 3,5-
BT RIE, Ui n, & A PRI
{11 710 S 7 S ) B ML R AL % 428 (Etres 2,
4, 6, 8, 10), 3,4,5- = SR IR LR (KT 123 JEAT A -0 i
PRI .

2 #ig

LR LR, A TAR LR 2 13 (1 (R)-o- A A L
AR 3),  BA T AR AT A (R NI SR
1T T AR ARy, ABCRAT EIR IR 52t 1T A
BOERSEPEITTE. 2T (0 2 20 i Bl T VIR
TEYER, BOtam T 8 MERIRISMER ML, H
T A, MIRZHEEIEIR . = HE AT
HPLC X} HARb ST SRR, IR BIBRIEA
BRI, X N- 2R O R T
BEHEAT AR RGN, BITAE 7% ROV R 22
VEH ZRRAT AP0 SN VE SR FEE. RO R TR
B, AL 42 2 AR 21 R I 1 3R AL A ) T
AR, T 3 oAl 3N EE SN RS,
A A R H R BRAT AR R AN 5 K

3 SIS

31 E5EHA
'H NMR Al *C NMR 1 i Bruker AVANCE 1III 400
MHz. 500 MHz # PR ILIRBCIE, F i DU ST
(CDCl3)~ i (MeOD-dy) B4 4 il (acetone-dg) #5771, DU
FRILRE LT (TMS) N N b i 73 #4158 ThermoFisher
Q-Exactive (ESI)ll % ; Lk Jjig )6 fE {4 H Anton Paar
MCP-500 4= H 3l # 5 Jig Yo AW 7€ 5 21 4h o i 18 H
Thermo-Filsher Nicolet 6700 YA I5E; AT JTH30 44
RS 52 A A 0 B0 0. Ak B A I X Rk 3 4% 4 i ok
Shimadzu SPD-16 & ZCBUAH CL i I &, T 1A H
Daicel CHIRALPAK AD-H, OD-H, 4.6 mm X250 mm. S
536 FA PR R AN SR8 SR 3 W 4l sl f 2 4
3.2 2 2-BEREBMTEVMUZRS
3.2.1  4-R-2-WT A-5-F A RKEN(Q2)49 6 &
ZMOCIR[S91 7. iR F, A 2-80 T F:-5-H AR
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%3(13.6 mL, 80.0 mmol) /¥ g5 — & FF b (TR & 7 W
(100 mL, #AFILEA 2 2 3)F, BRI T 3 =R {8
(38.6 g, 80.0 mmol) (1) FI i 5 — &0 FH b (1 TR & ¥ V(80
mL, R 2 1 3), #iFERBL 1 h JEIKER, HZ
TR CBEZEI =R, A IFMA VA TR T,
JE, JRE AR YE. 19 BB AR AR E (LR LB/
ECkE, RFEEA 1 40~1 @ 10)5 B 2lifh, 1938
Rpifh 257 192 g, W& 99%. 'H NMR (400 MHz,
CDCl3) 6: 7.38 (s, 1H), 6.56 (s, 1H), 4.82 (s, 1H), 2.30 (s,
3H), 1.39 (s, 9H); °*C NMR (100 MHz, CDCl3) §: 153 .4,
136.3, 136.0, 130.9, 119.0, 115.5, 34.5, 29.6, 22.2.
322 55-=i%-33-=H&TH-6,6-=F K-22-BFK
B (3) 89 A ik,

ZHCCBR[S917iE. =T, BEY 2 (243.1 mg,
1.0 mmol). AL I4(9.90 mg, 0.1 mmol) APy Hi 3 7, —
Ji£(22 pL, 0.15 mmol) A & HHE(2 mL)H, JEIZIFi+t
RS G, IKER. RRE ZEFP AR =K, &
H G WA WU TS K R R AN T4, 108, WEikgs. 15
BRI AR ™ it 22 fik JRAE JE AT (B BRI D IE ) 43 B 4k,
2 e 4k 357123.5 mg, W 51%. m.p. 203~205 C;
'H NMR (400 MHz, CDCls) 6: 7.55 (s, 2H), 4.88 (s, 2H),
2.00 (s, 6H), 1.40 (s, 18H); *C NMR (100 MHz, CDCl;) ¢:
151.8,136.8, 135.5, 132.0, 121.8, 116.4, 35.0, 29.4, 19.9.
323 (R)-o-F AR TBE AT AR

Z W CHR[60] 7715, 78 0 CHRGE SR 4T,
1] (R)-a- AL 7 2T (7.98 g, 48 mmol) I TE/K 5 ke
(70 mL)¥EW 22120 2 mol/L 5K (24 mL, 48
mmol)FJGZK ) NN-ZHIFEH (800 pL), /£ 0 CK
N 15 min j5 8 F=EE&N 6 h. K46, T 15 min 15
(R)-a-FA SR O, BT N — R
3.2.4 AL54(R,S)-4 #2(R,R,R)-5 9 5- Ak,

ZWECHR[611 735, 78 0 CHESEP 4T,
[ AL AN(1.44 g, 36 mmol) ) T-J5 PUEMEIR (80 mL)VE &
Wb, ZEMALEY 3 (5.81 g, 12 mmol) T IIA
MR (50 mL)# K, NS E, ROSIREVIE IR T4k
A RE N 3 he K 1)(R)-a- AR ZE IR C T 54(8.86 g,
48 mmol)IZ A F IR [ Nk R, IZFER B 1 h,
¥ AR R FIAVOK Y, @ RER =X, &9F
JE AN, FHJCKBREREN T, g, woRkgE. 15
FIA = S ZRE A EHT (LR 2B/ — & P b/ 1E 2,
AREL 10 1:90~1:1:50)% &4k, 5606 4AH
F¥I(R,S)-4 F1(R,R,R)-5.

(8)-3',5- ¥R -3,5- T Fk-6- e ik -2',6- — H k-

1960 http://sioc-journal.cn/
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[1,1-FR 2R FE]-2-(2- AU B -(R)-2- K 3 ZFR TR R [(R.S)-4]:
3.72 g, WLE 49%. L E L& T RYIE Ok, B
N1 2, ee>99%. [E A, mp. 107~108 C; [a]
+6 (¢ 0.55, CHCl;); "H NMR (400 MHz, CDCl;) d: 7.60
(s, 1H), 7.41 (s, 1H), 7.33~7.35 (m, 3H), 7.25~7.23 (m,
1H), 5.05 (s, 1H), 4.17 (s, 1H), 3.02 (s, 3H), 2.01 (s, 3H),
1.94 (s, 3H), 1.35 (s, 9H), 0.97 (s, 9H); *C NMR (100
MHz, CDCLy) 6: 169.6, 151.7, 147.7, 142.2, 138.0, 137.1,
134.7, 134.0, 131. 9, 131.5, 130.7, 129.2, 128.8, 127.8,
126.6, 123.4, 116.2, 82.9, 57.6, 34.9, 34.4, 29.6, 29.4, 20.0,
19.8; IR (KBr) v: 3468, 3068, 3033, 3007, 2962, 2914,
2876, 2828, 1764, 1553, 1489, 1457, 1396, 1364, 1277,
1261, 1207, 1146, 1079, 1028, 983, 909, 871, 829, 765,
749, 698, 650, 592, 553, 508 cm™'; HRMS (ESTI) calcd for
C;,H;34Br,O4Na [M+Na]+: 653.0878, found 653.0879.

(R)-5,5'-iR-3,3"- U T %:-6,6- — FE-[1,1- 16K
F1-(2R,2'R)-2,2"- W (2- F A i -2- 2R 5k R I8 ) IR (R, R, R)-
51:2.99 g, K 30%. 445 e (& T B/ Ak, A
EER 12 3)5, ee>99%. AR, mp. 199~200 C;
[a]s —35.7 (¢ 0.1, CHCl3); "H NMR (400 MHz, CDCls) 6
7.60 (s, 2H), 7.44~7.34 (m, 10H), 3.98 (s, 2H), 2.99 (s,
6H), 2.14 (s, 6H), 0.94 (s, 18H); *C NMR (100 MHz,
CDCly) J: 168.0, 146.9, 141.6, 138.0, 135.0, 132.3, 131.3,
129.1, 128.6, 127.8, 123.6, 82.2, 58.0, 34.2, 29.9, 20.4; IR
(KBr) v: 3423, 3058, 3004, 2962, 2917, 2869, 2828, 1768,
1543, 1489, 1454, 1441, 1399, 1367, 1354, 1322, 1281,
1258, 1213, 1143, 1111, 1085, 1028, 992, 964, 909, 887,
823, 762, 749, 733, 695, 643, 573, 554, 518 cm'; HRMS
(ESI) caled for C4HuBroOgNa [M+ Na]': 803.1376,
found 803.1381.
3.2.5 EH(S)-3. (R)-3 494 Ak

ZWESCHR[62] 5. E 0 C @SR & T,
[[](R,S)-4 (556.5 mg, 0.88 mmol) 757K VI kMR (2 mL)
WWh, 218 1 mol/L PYA4H4E(1.8 mL, 1.76
mmol), I 1 h, R RBEREEBENKKREEDH,
TRMREER =X, EIERANAE, KRBT
fe, IHUE, JRRIRYE. 19 B AR ET(E S
By aifh, 19 409.3 mg (S)-5,5- IR-3,3"- T FEk-
6,6'- — H -2 2- IR KB [(S)-3], WK 96%. [ o [EH 1k,
m.p. 203~205 ‘C; '"H NMR (400 MHz, CDCl;) : 7.54 (s,
2H), 4.87 (s, 2H), 1.99 (s, 6H), 1.39 (s, 18H); *C NMR
(100 MHz, CDCly) §: 151.8, 136.8, 135.5, 132.0, 121.7,
116.4, 35.0,29.4, 19.9.

(R)-5,5"-—1R-3,3"- T %-6,6'- — F1 -2 2- I Ay

Chin. J. Org. Chem. 2020, 40, 1955~ 1966



Chinese Journal of Organic Chemistry

ARTICLE

(R)-3: AR5 (S)-3 HF, 669.3 mg, =3 96%. [t
[l 44, m.p. 203~205 C; '"H NMR (400 MHz, CDCls) ¢:
7.54 (s, 2H), 4.87 (s, 2H), 1.99 (s, 6H), 1.39 (s, 18H); "*C
NMR (100 MHz, CDCLy) §: 151.8, 136.8, 135.5, 132.0,
121.7, 116.4, 35.0, 29.4, 19.9.
3.2.6 AEH(S)-6 #2(R)-6 494 Ak

ZWESCHR[S91 T . E 0 C @SR IEIET,
[7(S)-3 (377.7 mg, 0.78 mmol)f¥] 1 24 mL)¥ K 2212
N =% F REER (158.0 puL, 1.79 mmol), Zk&:HiHE 15
min. K N R BN VKK AP, F S B AR
=R, AR RIE U A KB ER A T, i, R
WA, 15 B 0R = SRR A BT (LB L BE/IE O,
Viv=1:10p%aitk, 15 272.8 mg (S)-5,5-#1-6,6"-
B2 2 IRIB[(S)-6], Y 94 %, ee>99%. [ {hufH
&, m.p. 204~206 ‘C; 'H NMR (400 MHz, CDCl;) o:
7.54 (d, J=8.4 Hz, 2H), 6.81 (d, J=8.8 Hz, 2H), 4.76 (s,
2H), 2.07 (s, 6H); *C NMR (100 MHz, CDCl3) J: 153.1,
138.3, 134.3, 121.7, 116.6, 115.3, 20.3; HPLC: Diacel
Chiralpak AD-H (5 pum, 4.6 mm X250 mm), V(hexane)/
V(EtOH)=20/1, flow rate=1.0 mL/min, A=290 nm, re-
tention time: 25.1 min [(S)-enantiomer], 55.5 min [(R)-
enantiomer].

(R)-5,5'- " 1R-6,6'- —H -2 2-BEEF[(R)-6]: &b
B5(8)-6 M, 773 94%, ee>99%. [ &K, m.p.
204~206 °C; '"H NMR (400 MHz, CDCl3) d: 7.54 (d, J=
8.4 Hz, 2H), 6.81 (d, J=8.8 Hz, 2H), 4.76 (s, 2H), 2.07 (s,
6H); *C NMR (100 MHz, CDCl3) §: 153.1, 138.3, 134.3,
121.7, 116.6, 115.3, 20.3; HPLC: Diacel Chiralpak AD-H
(5 pm, 4.6 mmX250 mm), V(hexane)/V(EtOH)=20/1,
flow rate=1.0 mL/min, A=290 nm, retention time: 24.6

min [(S)-enantiomer], 54.6 min [(R)-enantiomer].

3.3 HEBELTINER

ZWOCHR[63] 77 . AER R SRAE T, #4593
(368.0 mg, 0.76 mmol). 3,5-X( = F &) ZK A R (469.4
mg, 1.82 mmol). P =ZKFERH4(87.8 mg, 0.076 mmol)Fl
BRER49(322.2 mg, 3.04 mmol) I\ B Z, —§E — k3
mL)FI7K (1.5 mL)FEEEEF, £ 90 CF M.
BiRRANBZERG, 58I NS EH(10
mL), A &R =R, &G A HUHEH K
FREN T 45, I UE, WEIRAR. 192 SRR 2
Hr(IE Sl AR 7 S 4, 43 553.1 mg (5)-3,3-—
T F-6,6'- - FHHE-5,5"- [3,5- B (=4 H 3k H FE)-2,2-
BEARIR(S)-7], WE 97%. AL, mp. 71~73 C;
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[a]s —15.0 (¢ 0.78, CHCls); '"H NMR (500 MHz, CDCl;)
5: 7.87 (s, 2H), 7.80 (s, 4H), 7.24 (s, 2H), 5.19 (s, 2H),
1.86 (s, 6H), 1.45 (s, 18H); *C NMR (125 MHz, CDCl,) ¢:
152.8, 144.3, 135.2, 133.4, 1322, 131.7 (q, Je—r=33.0
Hz), 129.86~129.84 (m), 129.7, 123.5 (q, Je—¢=271.1
Hz), 121.2, 120.8~120.7 (m), 35.0, 29.5, 17.3; IR (KBr)
v: 3519, 3427, 2965, 2921, 2869, 1620, 1463, 1444, 1390,
1370, 1325, 1281, 1178, 1140, 1108, 1085, 1024, 1005,
903, 848, 730, 711, 688, 672, 631, 589, 457 cm'; HRMS
(ESI) calcd for C3sH33F 1,0, [M—H] : 749.2294, found
749.2296.

(8)-6,6'- - F 3E-5,5'- - [3,5- X0 (=L F ) 8 3K )-2,2"-
HARW[(S)-8]: EHULIES(S)-T MIFE, 75 94%. At
i 44, m.p. 180~183 °C; [a]y +43.7 (¢ 0.10, CHCl;); 'H
NMR (400 MHz, CDCls) 6: 7.88 (s, 2H), 7.81 (s, 4H), 7.28
(d, J=8.4 Hz, 2H), 7.04 (d, J=8.4 Hz, 2H), 5.17 (s, 2H),
1.97 (s, 6H); >C NMR (100 MHz, CDCl5) 6: 154.1, 143.7,
136.3, 133.0, 132.2, 131.8 (q, Jo—r=233.1 Hz), 129.84~
129.82 (m), 123.5 (q, Je—r=271.1 Hz), 121.0, 121.96~
120.90 (m), 114.1, 17.7; IR (KBr) v: 3478, 3385, 1616,
1582, 1485, 1463, 1376, 1338, 1277, 1258, 1178, 1133,
1104, 1047, 995, 890, 841, 816, 707, 678, 617 cm ';
HRMS (ESI) caled for C3oH7F1,0, [M—H] : 637.1042,
found 637.1046.

(R)-3,3- T 3-6,6'- — HI 3-5,5'-31(3,4,5- =5 7K
5)-22- KB [(R)-17]: AP BRE(S)-7 ME, 72
93%. IR, mp. 223~225 C; [aly +20.9 (¢ 0.22,
CHCl3); '"H NMR (400 MHz, CDCL3) 6: 7.20 (s, 2H), 6.96
(dd, J=8.4, 6.4 Hz, 4H), 5.12 (s, 2H), 1.86 (s, 6H), 1.44 (s,
18H); *C NMR (100 MHz, CDCLy) 6: 152.4, 150.96 (ddd,
Jo-r=248.5, 9.8, 43 Hz), 138.9 (dt, Jor=249.5, 15.3
Hz), 138.2~138.4 (m), 134.8, 133.2, 132.3, 129.4, 121.1,
113.9 (dd, Jo—=15.2, 5.6 Hz), 34.9, 29.6, 17.2; IR (KBr)
v: 3513, 3443, 2959, 2917, 2856, 1630, 1620, 1575, 1530,
1470, 1434, 1358, 1322, 1271, 1239, 1197, 1178, 1044,
903, 858, 768, 701, 647, 598, 467 cm '; HRMS (ESI)
calcd for C34H3FsO, [M—H] : 585.2233, found 585.2235.

(R)-6,6'- - F H-5,5- 30 (3,4,5- = Fi 2K 3% )-2,2"- B ZK 1y
[(R)-18): A HULIRS(S)-7 M, 723 95%. A€k,
m.p. 228~229 C; [a] —47.6 (¢ 0.45, CHCl;); '"H NMR
(400 MHz, acetone-dg) o0: 7.86 (s, 2H), 7.12~7.16 (m,
6H), 6.91 (d, J=8.4 Hz, 2H), 1.96 (s, 6H); *C NMR (100
MHz, acetone-dg) J: 155.8, 151.4 (ddd, Jo—r=246.2, 9.5,
42 Hz), 140.1~140.3 (m), 139.1 (dt, Jo—r=246.5, 15.3
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Hz), 136.5, 132.0, 130.8, 125.2, 114.7 (dd, Jo—=15.3, 5.4
Hz), 114.1, 17.9; IR (KBr) v: 3462, 3366, 3087, 2965,
2911, 2850, 1614, 1582, 1527, 1473, 1422, 1402, 1358,
1284, 1236, 1188, 1153, 1092, 1056, 1018, 999, 871, 855,
819, 755, 711, 627, 582, 547, 499 cm '; HRMS (ESI)
calcd for CysH5FsO, [M—H] : 473.0981, found 473.0985.

(8)-3,3- T HE-2,2- R HE-6,6'- I AE-5,5-
[3,5- X0 (=90 1 3 K HL VR OR[(S)-9]: Z IR ICHR[35]77 1.
4L & H0(S)-7 (510.4 mg, 0.68 mmol)Flk FRE (939.7
mg, 6.8 mmol)F] A R VR & 1(6.0 mL) 2212 i il /7 45¢
(846 uL, 13.6 mmol), N [FIFIER. K Ntk RAH
ZERE, K& R, A& P RER =R, &7
JE AN, HToKBREREN TR, g, BoskgE. 15
FIHL 7 S B RE R AR BT (LR L Bg/IE S, MR
13 100)5> B 4iifh, 15524.2 mg (5)-9°%, W3 99%. {1
44, m.p. 139~141 °C; [a]y +11.7 (¢ 0.10, CHCl;); 'H
NMR (400 MHz, CDCls) 6: 7.87 (s, 2H), 7.79 (s, 4H), 7.20
(s, 2H), 3.31 (s, 6H), 1.94 (s, 9H), 1.43 (s, 18H); *C NMR
(100 MHz, CDCl3) 0: 157.9, 145.0, 141.3, 134.6, 133.7,
132.9, 131.6 (q, Jo—r=233.1 Hz), 129.8~129.7 (m), 128.0,
123.6 (q, Jo—p=271.1 Hz), 120.8~120.7 (m), 59.6, 35.1,
30.8, 18.1; IR (KBr) v: 3430, 3010, 2965, 2933, 2866,
1617, 1492, 1463, 1393, 1354, 1274, 1178, 1117, 1101,
1069, 1047, 967, 900, 890, 842, 717, 672, 576 cm .
HRMS (ESI) caled for CsgHssFgO, [M—H] : 613.2541,
found 613.2537

(8)-2,2'- ~H4AFE-6,6'- I HE-5,5"-[3,5- (=%
B R B BOR[(S)-10]: & b IR (S)-9 M, F
I, P23 99%. mp. 39~41 C; [a]) +2.8 (c 0.54,
CHCl;); '"H NMR (400 MHz, CDCl3) 6: 7.76 (s, 2H), 7.74
(s, 4H), 7.16 (d, J=8.4 Hz, 2H), 6.87 (d, J=8.8 Hz, 2H),
3.71 (s, 6H), 1.79 (s, 6H); *C NMR (100 MHz, CDCl5) ¢:
1572, 144.5, 135.5, 132.25, 131.5 (q, Je—r =33.1 Hz),
130.1, 129.96~129.93 (m), 127.2, 123.6 (q, Jo—r=216.9
Hz), 120.6~120.4 (m), 108.8, 56.08, 17.6; IR (KBr) v:
3443, 2962, 2840, 1623, 1588, 1495, 1460, 1383, 1277,
1175, 1127, 1082, 1050, 900, 848, 810, 707, 685, 582
cm . HRMS (ESI) caled for CyHyF 0, [M—H] :
665.1350, found 665.1348

(R)-3,3'- U T 2-2,2'- — H 4 Jk-6,6'- — F 5:-5,5"- X1
GA4,5- = AEFEEEAE[(R)-19]: &R B 5(S)-9 MFE,
HEREAE, 7% 99%. mp. 177~179 C; [oly —17.3 (c
0.10, CHCl;); 'H NMR (400 MHz, CDCl3) §: 7.08 (s, 2H),
6.86 (dd, J=8, 6.8 Hz, 4H), 3.17 (s, 6H), 1.85 (s, 6H), 1.31
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(s, 18H); *C NMR (100 MHz, CDCl3) d: 157.6, 151.0 ddd,
Jo-r=2484, 9.9, 4.1 Hz), 141.0 (s), 138.8~139.0 (m),
138.9 (dt, Jo—r=249.2, 15.3 Hz), 134.7, 133.7, 132.8,
127.8, 113.8 (dd, Jo—y=15.2, 5.5 Hz), 59.4, 35.0, 30.8,
18.1; IR (KBr) v: 3439, 2969, 2946, 2914, 2856, 1614,
1521, 1447, 1415, 1396, 1354, 1261, 1239, 1229, 1201,
1165, 1069, 1037, 983, 874, 855, 839, 765, 723, 695, 634,
586 ¢cm '. HRMS (ESI) calcd for CyH3sFqO, [M—H] :
613.2541, found 613.2537.

(R)-2,2'- 4 %£-6,6"- — H1 3£-5,5'-X0(3,4,5- — 5 A
EHER[(R)-20]: & HUPIEE(S)-9 AHEF, 722 99%. H
AR, m.p. 56~57 “C; '"H NMR (400 MHz, CDCl;) o:
7.18 (d, J=8.4 Hz, 2H), 6.96 (t, J=7.4 Hz, 4H), 6.89 (d,
J=8.4 Hz, 2H), 3.76 (s, 6H), 1.83 (s, 6H); *C NMR (100
MHz, CDCly) d: 156.9, 150.86 (ddd, Jo—=248.3, 9.8, 4.2
Hz), 138.6 (dt, Jo—r=249.0, 15.2 Hz), 138.4~138.6 (m),
135.4, 132.4, 129.7, 127.0, 113.9 (dd, Jo—s=15.3, 5.5 Hz),
108.5, 55.9, 17.6.

(8)-6,6'- R FHE-3,3- T 22,2 A 5,5
T[3,5- R (=g IR R SR B [(S)-11]: S HRCSCHR[351 07
. LA YI(S)-9 (420.5 mg, 0.54 mmol) Al N-JRAR T —
B H(673.0 mg, 3.78 mmol)[{IZE(5 mL)IVE &+
IR =57 T HE(26.6 mg, 30 mol%), 7ERIFIRAT
SN 4 h, B SR R EN AR R, I\ SRR 8.
FER AR 5 AT AR AL = D A RE AT BT (LR LB/ IE &
Be, 10 100)7r B 4ifk, 15 476.9 mg HEYI(S)-117% Ui
F 94%. FEOEK, mp. 61~63 C; [aly +28.7 (¢ 0.10,
CHCLy); 'H NMR (400 MHz, CDCl;) §: 7.85 (s, 2H), 7.83
(s, 2H), 7.20 (s, 2H), 4.14 (d, J=10.8 Hz, 2H), 4.00 (d,
J=10.4 Hz, 2H), 3.38 (s, 6H), 1.34 (s, 18H); °C NMR
(100 MHz, CDCLy) 6: 157.0, 144.9, 143.2, 136.4, 133.5,
131.7 (q, Je—r=33.4 Hz), 130.8, 130.2, 129.81~129.78
(m), 123.5 (q, Je—r=271.1 Hz), 121.6~121.5 (m), 60.0,
35.5, 30.6, 30.1; IR (KBr) v: 3443, 2962, 2914, 2869,
1623, 1466, 1390, 1354, 1277, 1185, 1130, 1050, 900, 845,
733, 711, 682, 621, 576 cm '; HRMS (ESI) calcd for
C4H3:Br,F 1,0, [M +HCOOH —H] : 981.0852, found
981.0869.

(8)-6,6'- IR FHE-2 2" — HI4A 5E-5,5'- [3,5- WU —
FROL) R ELIBCOR[(S)-12]: & ECP RS (S)-11 M F, 7=
96%. A, mp. 66~68 C; [a]y +28 (c 0.10,
CHCLy); 'H NMR (400 MHz, CDCl;) §: 7.94 (s, 2H), 7.83
(s, 2H), 7.24 (d, J=8.4 Hz, 2H), 7.00 (d, J=8.4 Hz, 2H),
3.94 (q, J=10.4 Hz, 2H), 3.72 (s, 6H); *C NMR (100
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MHz, CDCLy) 6: 157.5, 142.6, 134. 7, 133.0, 131.7, 131.6
(q, Jo—r =33.2 Hz), 129.92~129.90 (m), 125.8, 123.5 (q,
Je—r=271.2. Hz), 121.47~121.4 (m), 111.5, 56.0, 30.0;
IR (KBr) v: 3439, 2962, 2837, 1591, 1460, 1377, 1277,
1181, 1130, 1076, 1040, 896, 816, 711, 682, 586 cm ';
HRMS (ESI) calcd for Cs3Hy Br,F,04 [M+HCOOH—
H] : 868.9600, found 868.9616.

(R)-6,6'- R FFE-3,3- T 3E-2,2'- 4 HE-5,5-
W (3,4,5- = FE AT BEIE[(R)-21]: AP EE©S)-11
M, 773 78%. #AOMEMAK, mp. 135 C (dec); [a]d
+19.1 (¢ 0.215, CHCl;); 'H NMR (400 MHz, CDCl;) o:
7.24 (s, 2H), 7.09 (dd, J=8.0, 6.4 Hz, 4H), 4.26 (d, J=
10.8 Hz, 2H), 4.17 (d, J=10.4 Hz, 2H), 3.42 (s, 6H), 1.42
(s, 18H); “C NMR (100 MHz, CDCly) §: 156.6, 151.0
(ddd, Jo—r=249.2, 9.9, 4.2 Hz), 144.5, 139.4 (dt, Jor=
250.4, 15.2 Hz), 136.9~137.1 (m), 136.4, 133.3, 130.7,
130.0, 113.8 (dd, Jo—=15.4, 5.7 Hz), 59.8, 35.4, 30.6,
30.3; IR (KBr) v: 3443, 2956, 2917, 2869, 1617, 1575,
1527,1466, 1434, 1419, 1380, 1361, 1265, 1236, 1207,
1172, 1047, 979, 906, 858, 765, 707, 631, 582, 557 cm ';
HRMS (ESI) calcd for C3;H3sBrF¢O; [M+HCOOH —
H] : 817.0791, found 817.0808.

(R)-6,6'- PR FI KE-2,2'- — HI 45 3E-5,5"- XU (3,4,5- = %
REIR[(R)-22]: ARUPIRS(S)-11 M, 72 96%.
HAOE A, mp. 78~80 ‘C; 'H NMR (400 MHz, CDCl;)
9: 7.17 (d, J=8.4 Hz, 2H), 7.16 (dd, J=8.4, 6.8 Hz, 4H),
7.04 (d, J=8.4 Hz, 2H), 4.08 (s, 4H), 3.78 (s, 6H); *C
NMR (100 MHz, CDCl3) &: 157.16 (s), 150.8 (ddd, Jo—p=
2492, 9.9, 42 Hz), 139.3 (dt, Jo—r=250.2, 15.1 Hz),
136.6~136.4 (m), 134.5, 133.0, 131.5, 125.7, 114.0 (dd,
Je—r=15.4,5.6 Hz), 111.3, 55.9, 30.2.

(8)-4,8- R [3,5- A (=5 H 2 ) A 5 1-2,10- — T £-
6,6- 1 FH-1,11- ~ F4FE-6,7- & -5H- K F[c,e] B A%
H-6-IRAEZ[(S)-13]: EIUL T, [0 5 4l A A 5] )
1A(S)-11 (355.9 mg, 0.38 mmol)[¥] ZJfif(4.0 mL)¥& ¥+ i
ANIE =T H%(57.6 uL, 0.342 mmol) I FRET (655 mg, 3.8
mmol), 7F 85 CKMITH. KM EERE, HRNEKRE
WMEER, ISP eMRE, AR IE. ERRE
J& A (P = ) A e SR SR AT (R — S e, 12 80~
1:20)r&4lifk, 15 245.4 mg FHEZHEE HAr1(5)-13,
R 66%. EAFEE, mp. 229~231 C; [a]2 —21.4 (¢
0.41, CHCl;); "H NMR (400 MHz, acetone-d) 0: 8.48 (br
s, 4H), 8.12 (s, 2H), 7.51 (s, 2H), 4.61 (d, J=14.0 Hz, 2H),
442 (d, J=14.0 Hz, 2H), 3.36 (s, 6H), 3.28~3.22 (m,
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2H), 2.82 (td, J=13.2, 4.0 Hz, 2H), 1.50 (s, 18H), 1.30~
1.34 (m, 2H), 1.08~1.17 (m, 2H), 0.84~0.89 (m, 2H),
0.61 (t, J=7.2 Hz, 6H), 0.57~0.51 (m, 2H); *C NMR
(100 MHz, acetone-dg) J: 160.0, 146.1, 143.9, 136.4,
1322, 131.2, 125.5, 124.41 (q, Jo—r=270.9 Hz), 122.6~
122.3 (m), 61.8, 59.2, 58.2, 36.1, 30.6, 24.9, 19.7, 13.9; IR
(KBr) v: 3401, 3193, 2962, 2879, 1617, 1470, 1386, 1361,
1329, 1277, 1233, 1185, 1143, 1111, 1063, 906, 848, 717,
682, 614 cm ™ '; HRMS (ESI) caled for C4sHs4F,NO, [M—
Br]": 904.3957; found 904.3939.

(S)-4,8-X[3,5- X (=9 F JE) R Kk 1-6,6- — T 2&-1,11-—
H 4 52 -6,7- = & -5H- — 2K I [c,e] A 2% B -6- 5 Ak 42
[(S)-14]: &P REMHATTIS)-13 MIF, 7% 82%. 3
tE 4, mp. 227~229 °C; [a]s —21.8 (¢ 0.675, CHCLy);
'H NMR (400 MHz, CDCl;) 6: 7.95 (s, 6H), 7.48 (d, J=
8.8 Hz, 2H), 7.32 (d, J=8.8 Hz, 2H), 4.54 (d, J=14.0 Hz,
2H), 3.94 (s, 6H), 3.90 (d, J=14.0 Hz, 2H), 3.14 (t, J=
12.8 Hz, 2H), 2.68 (td, J=12.8, 4.0 Hz, 2H), 1.04~1.02
(m, 4H), 0.82~0.76 (m, 2H), 0.58 (t, J=7.2 Hz, 6H),
0.22~0.16 (m, 2H); “C NMR (100 MHz, CDCl;) o:
157.4, 141.4, 133.0, 132.4, 130.0~129.8 (m), 126.6,
1248, 122.7 (q, Jo—r=271.4 Hz), 121.5~121.4 (m),
113.8, 57.3, 57.2, 56.1, 24.2, 18.9, 13.1; IR (KBr) v: 3407,
2959, 2879, 2840, 1614, 1591, 1498, 1463, 1380, 1277,
1175, 1137, 1105, 1089, 1047, 951, 903, 816, 717, 682 cm
~!; HRMS (ESI) caled for Cy4HssF1,NO, [M —Br] *:
792.2716, found 792.2708.

(R)-2,10- 4T 3-6,6-— T F-1,11- — 4 L -4,8-
(3,4,5- A H)-6,7- & -SH-—FF[c,e] AL E-6-71
HEEZ[(R)-23]: & P BRSMEAFIS)-13 M [F], 772 80%.
F O E AR, mp. 232~234 C; [a]y +259 (¢ 021,
CHCly); '"H NMR (400 MHz, acetone-dg) 0: 7.66 (br s,
4H), 7.46 (s, 2H), 4.81 (d, J=14.0 Hz, 2H), 4.04 (d, J=
14.0 Hz, 2H), 3.27 (s, 6H), 3.23~3.17 (m, 2H), 2.91~
2.84 (m, 2H), 1.47 (s, 18H), 1.30~1.33 (m, 2H), 1.20~
1.10 (m, 2H), 0.95~1.04 (m, 2H), 0.71 (t, J=7.2 Hz, 6H),
0.42~0.53 (m, 2H); *C NMR (100 MHz, acetone-ds) o:
159.4, 153.3~152.3 (m), 150.6~150.0 (m), 145.9, 140.1
(dt, Je—p=248.6, 152 Hz), 137.5~137.3 (m), 136.5,
132.0, 130.5, 125.3, 117.0~115.1 (m), 61.4, 58.4, 57.9,
35.9,30.4,25.1, 19.9, 13.6; IR (KBr) v: 3417, 2962, 2873,
1614, 1585, 1527, 1473, 1428, 1406, 1271, 1249, 1229,
1079, 1044, 973, 871, 855, 771, 720, 634, 589, 531 cm ';
HRMS (ESI) calcd for Cy4Hs,FgNO, [M—Br]+: 740.3907,

http://sioc-journal.cn/ 1963



BIKE

MR

found 740.3897.

(R)-6,6-— 1 2-1,11- — 5 %£-4,8- X (3,4,5- —F K
$£)-6,7- A -5SH-" K3 [ c,e] Bk E-6- T AL H[(R)-24]):
G RO RS HEAH)(S)-13 FHTE, B EE AT 5,
A 81%. m.p. 230~232 C; 'H NMR (400 MHz,
CDCl;) 6: 7.41 (d, J=8.8 Hz, 2H), 7.24 (d, J=8.8 Hz,
2H), 7.17 (br s, 4H), 4.74 (d, J=14.0 Hz, 2H), 3.89 (s,
6H), 3.64 (d, J=14.0 Hz, 2H), 3.18 (t, J=12.8 Hz, 2H),
2.72~2.67 (m, 2H), 1.10~1.09 (m, 4H), 0.99~0.95 (m,
2H), 0.72 (t, J=6.8 Hz, 6H), 0.29~0.26 (m, 2H); "“C
NMR (100 MHz, CDCl;) §: 156.9, 152.2~152.0 (m),
149.8~149.5 (m), 139.3 (dt, Jo—p=252.3, 15.1 Hz),
135.0~134.8 (m), 132.5, 132.0, 126.4, 125.1, 115.0~
113.9 (m), 113.3, 57.2, 56.9, 55.9, 24.3, 19.1, 13.0.

(8)-4,8-RU[3,5- A (=5 H 2 ) A 5 1-2,10- — T £-
6,6- — T HE-1,11- =38 5-6,7- 4 -5H- I [ce] AR &
-6-IRALEZ[(S)-15]: SR [64] 777, fE—78 C KA
SRR, AHEATRI(S)-13 (118.2 mg, 0.12 mmol)
I TE7K — & HE(1.0 mL)¥ER BT 1 mol/L =i
1b1(0.84 mL, 0.84 mmol), KMNIARTFE iR G, £
BN 4 h ¥ MR RENKK T, B & A
W=k, GIFEMANAE, FHIGKRERA T, T8,
VR IR AE. 15 E R i 2R R 2 M (FF I — & e,
ViV=1:.40~1:57E41L3 97.5 mg (S)-15, Y%
81%. HEE A, mp. 150~152 C; [aly +6 (c 0.50,
CHCl5); "H NMR (400 MHz, acetone-ds) J: 8.35 (s, 2H),
8.22 (s, 2H), 8.07 (s, 2H), 7.36 (s, 2H), 4.54 (d, J=13.6
Hz, 2H), 3.67 (d, J=13.2 Hz, 2H), 3.05~2.98 (m, 2H),
2.82 (td, J=13.2, 4.4 Hz, 2H), 1.53 (s, 18H), 1.25~1.19
(m, 2H), 1.11~1.02 (m, 2H), 0.93~0.86 (m, 2H), 0.61 (t,
J=7.2 Hz, 6H), 0.47~0.35 (m, 2H); *C NMR (100 MHz,
acetone-dg) J: 159.8, 145.3, 142.8, 131.9~131.7 (m),
131.5, 131.3~131.1 (m), 130.3, 129.7, 124.43, 124.40 (q,
Je—r=270.6 Hz), 121.5~121.3 (m), 58.6, 57.4, 35.9, 30.0,
24.96, 19.7, 13.7; IR (KBr) v: 3436, 2959, 2869, 1614,
1575, 1473, 1434, 1377, 1361, 1281, 1181, 1130, 1105,
893, 848, 714, 678, 627, 592 cm '; HRMS (ESI) calcd for
C46HsoF1,NO, [M—Br]": 876.3655, found 876.3644.

(8)-4,8-X[3,5- X (=3 F Jk) R Kk 1-6,6- — T 2&-1,11-
TR -6,7- A -SH- K I [ce] B Ak -6 AL B
[(S)-16]: & RUEREMHALTI(S)-15 MIFl, 7% 85%. ¥
B E AR, mp. 265 C (dec.); [a]s —55 (¢ 0.20, DMF); 'H
NMR (400 MHz, MeOD-d,) o: 8.09 (s, 6H), 7.44 (d, J=
8.4 Hz, 2H), 7.29 (d, J=8.8 Hz, 2H), 4.42 (d, J=14.0 Hz,
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2H), 3.73 (d, J=13.6 Hz, 2H), 2.92~2.86 (m, 2H), 2.62
(td, J=12.8, 4.4 Hz, 2H), 1.11~0.92 (m, 4H), 0.85~0.72
(m, 2H), 0.60 (t, J=7.2 Hz, 6H), 0.24~0.11 (m, 2H); °C
NMR (100 MHz, MeOD-d;) : 157.0, 143.8, 133.9, 133 .4,
131.7, 126.7, 126.5, 124.6 (q, Jo—=270.6 Hz), 122.7~
122.5 (m), 119.8, 58.2, 58.0, 25.4, 20.1, 13.8; IR (KBr) v:
3423, 2969, 2917, 2882, 2847, 1591, 1460, 1377, 1281,
1249, 1178, 1143, 1101, 1047, 900, 835, 714, 682 cm ';
HRMS (ESI) caled for C3gH34F,NO, [M—Br]": 764.2392,
found 764.2390.

(R)-2,10- U T %E-6,6- — T HE-1,11- — ¥ 3L -4.8- W
(3,4,5- = FHIH)-6,7- A -5SH- "I [c,e] AI E-6-14L
F[(R)-25]: &P RS MALT(S)-15 MIFE, =% 57%.
H A E AR, mp. 175~177 C; [aly +6.5 (¢ 0.195,
CHCly); '"H NMR (400 MHz, acetone-dy) 0: 7.53 ( br s,
2H), 7.32 (br s, 2H), 7.25 (s, 2H), 4.63 (d, J=13.2 Hz,
2H), 3.42 (d, J=13.2 Hz, 2H), 3.02 (t, J=12.4 Hz, 2H),
2.87 (td, J=12.8, 4.4 Hz, 2H), 1.50 (s, 18H), 1.22~1.06
(m, 6H), 0.73 (t, J=7.2 Hz, 6H), 0.45~0.37 (m, 2H); °C
NMR (100 MHz, acetone-dg) 0: 159.9, 152.5~151.5 (m),
150.0~149.0 (m), 141.3, 138.8~138.6 (m), 138.6 (dt,
Je—p=247.6, 15.1 Hz), 130.5, 128.7, 128.0, 123.3, 115.2~
14.3 (m), 35.0, 29.1, 24.3, 19.1, 12.7; IR (KBr) v: 3417,
2959, 2872, 1614, 1575, 1530, 1466, 1434, 1383, 1364,
1306, 1245, 1197, 1044, 864, 852, 765, 707, 688, 653, 608,
554 ¢cm'; HRMS (ESI) caled for C4HysFeNO, [M—Br] "
712.3594, found 712.3588.

(R)-6,6- — T J:-1,11- — ¥2 3 -4.8- X (3,4,5- = | A&
$£)-6,7- & -5SH- " 7 H [c.e] B AR E-6- IR L EZ [(R)-26]:
G RCP RS EAT(S)-15 AHIF], P23 50%. B A,
m.p. 250 ‘C (dec.); [a]s +24.7 (¢ 0.39, CH;OH); 'H
NMR (400 MHz, MeOD-dy) 6: 7.38 (d, J=8.8 Hz, 4H),
7.22 (d, J=8.8 Hz, 4H), 4.56 (d, J=13.6 Hz, 2H), 3.54
(d, J=13.6 Hz, 2H), 2.92 (t, J/=12.8 Hz, 2H), 2.67 (td,
J=12.8, 4.4 Hz, 2H), 1.15~1.03 (m, 4H), 1.01~0.90 (m,
2H), 0.75 (t, J=7.2 Hz, 6H), 0.25~0.19 (m, 2H); "*C
NMR (100 MHz, MeOD-d,) 6: 156.6, 153.9~153.4 (m),
151.4~150.9 (m), 140.6 (dt, Jo—p=250.0, 15.0 Hz),
137.8 ~137.6 (m), 133.6, 133.2, 126.8, 126.4, 119.5,
116.1~115.7 (m), 57.95, 57.9, 25.5, 20.3, 13.6; IR (KBr)
v: 3340, 3167, 2969, 2940, 2876, 2568, 2376, 1902, 1617,
1598, 1527, 1492, 1466, 1441, 1418, 1364, 1306, 1290,
1239, 1210, 1181, 1133, 1050, 1021, 1005, 874, 855, 845,
810, 752, 730, 711, 679, 656, 631, 563, 534 cm”'; HRMS
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(ESI) caled for C34H32F6N02[M—Br]+: 600.2331, found
600.2340.

3.4 IEEBELTECHAITREELR M

fE 0 C LG ARIFAET, 10 N- IR A
ZRBUT T 29 (90.4 mg, 0.3 mmol) TP AH EL % (AL 7]
(0.003 mmol) ) 2K (1.5 mL)¥R AW, 32 I R
(109 pL, 0.9 mmol) 1 50%ft) KOH /K##7(0.5 mL), F7E
R T AT AR B, RN SERUE, RIS
BIAKH, SRR, A HUAH FH JCK BB AT 1,
EE, ORMRAR. 13 30 G AR R M (OE 2/
TEE R OB T, AL 100 D1 0 1~70 111 D4y
Batifh SR H R AW N-— 25 35 F 7 36 25 75 R AL
TH&30)). 'TH NMR (400 MHz, CDCl) o: 7.58~7.56
(m, 2H), 7.38~7.25 (m, 6H), 7.21~7.13 (m, 3H), 7.06~
7.04 (m, 2H), 6.60 (d, J=6.8 Hz, 2H), 4.11 (dd, J=9.2,
4.4 Hz, 1H), 3.23 (dd, J=13.6, 4.4 Hz, 1H), 3.16 (dd, J=
132, 9.2 Hz, 1H), 1.44 (s, 9H); *C NMR (100 MHz,
CDCly) 6: 171.0, 170.4, 139.7, 138.5, 136.5, 130.2, 130.0,
128.9, 128.3, 128.2, 128.2, 128.1, 127.8, 126.3, 81.3, 68.1,
39.7, 28.2; HPLC: Diacel Chiralpak OD-H (5 pm, 4.6
mm X250 mm), V(hexane)/V(i-PrOH)=100/1, flow rate=
0.3 mL/min, 1= 254 nm, retention time: 21.7 min

[(R)-enantiomer], 31.0 min [(S)-enantiomer].

44 B £l (Supporting Information)  {# £k 7] 22 /1L 55
A& 'TH NMR, “C NMR, HRMS Al HPLC K3t .
X LG RLTT B 2 AT ) 328 (http://sioc-journal.cn/) |
T
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