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Preparation of a Chiral Polyimine Macrocycle Bonded Chiral
Stationary Phase via Thiol-ene Click Reaction for Enantioseparation in
High-performance Liquid Chromatography
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Abstract In this study, a chiral polyimine macrocycle, BINOL-CPM, was synthesized via a one-step condensation
of (S)-2,2' -dihydroxy- (1,1 ’-binaphthalene] -3, 3"-dialdehyde and 1, 2-phenylenediamine. After modification, it

was bonded to the surface of thiolated silica via thiol-ene click reaction to fabricate a chiral stationary phase (CSP) for
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high-performance liquid chromatography (HPLC). The CSP-packed column exhibits good chiral separation

performance in both normal-phase (NP) and reversed-phase (RP) elution modes, with 12 racemates resolved in the
NP mode and 6 racemates resolved in the RP mode. The chiral separation performance of this column for these
resolved racemates was compared with two commonly used commercial columns, Chiralpak AD-H and Chiralcel
OD-H. Among the 12 racemates resolved in the NP mode, 4 racemates, [ 1-(3-fluorophenyl)ethanol, 1-phenyletha-
nol, 3-hydroxy-2-butanone and 1-(4-fluorophenyl) ethanol ], could not be resolved on the Chiralpak AD-H column,
and 3 racemates, [ 1-(3-fluorophenyl)ethanol, 3-hydroxy-2-butanone and 1-(4-fluorophenyl) ethanol ], could not be
resolved on the Chiralcel OD-H column. Among the 6 racemates resolved in the RP mode, one racemate ( 1-phenyleth-
anol) , could not be resolved on the Chiralpak AD-H column. Moreover, the resolution ValueS(Rs) of some racemates
on this column were higher than those on the two commercial columns. Therefore, this prepared column demonstrates
good complementarity in chiral separation, enabling the separation of some chiral compounds that cannot be
resolved or be well resolved by these two commercial columns. In addition, the column also demonstrates excellent
reproducibility and stability in chiral separation. After hundreds of injections, the retention time(z;) and R_ of the two
enantiomeric peaks for the separation of ethyl mandelate show no significant changes compared to the initial use of the
column. The relative standard deviation (RSD, n=5) of ¢, for the chromatographic peaks of the two enantiomers was
less than 0.49%, and the RSD of R (n=5) was less than 2.88%. Moreover, the column-to-column reproducibility was
also good, with the RSD (n=3) of t, and R, for the two enantiomeric peaks of ethyl mandelate separation on columns
prepared from different batches being less than 1.09 % and 5.75 %, respectively. This study indicates that BINOL-
CPM is a promising chiral separation material for HPLC and has good research significance and value. It also provides
a reference for the development of novel HPLC CSP.

Keywords High-performance liquid chromatography; Chiral separation; Chiral stationary phase; Chiral polyimide

macrocycle
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X% CSP UL AL A F-HEIR M PEREUEA T 1 PPAL, 1578 1K1Y Chiralcel OD-H Al Chiralpak AD-H (5%
FEHERT TXFLG . AN, T T R X TR ST BRI, PPN T A i B R R
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(8)-2,2"- K1, 17 -BRZEHE-3, 37 - K, 4l 98%, H MR EMBME AT BRA /5 1,2-K %
(ZERE98%) . 1-M N LMK (ZH1E 98%) | 1,4- 1R T B (LR 99%) . (3-Fi Bkt ) — H A Sk be (4l
99%) . A 5+ T 15 (AIBN, 4l 98% ) R B EH (K,CO,, /#ral), i Adamas 35728 7l 5 &) . H
7% HEE(MeOH) . ZFE(EIOH) | MERE | PIEAFIER R (HCD) ¥R 50 M4l , REERUIS AL B A BR 2
Al HEE(MeOH) | 1E C % (n-HEX) LR N EE (IPA) #4833 40, 18 Sigma-Aldrich 355122 7] 5 P3AH
SN TN, 4l E>98%, AT I Adamas, Aladdin, TCIFI Macklin 7123 7 ; BRIEREIE (K42 5 wm, fL
12 nm, 300 m*g), M AE DR ABRAF .

LC-16 7 5 S0 AH 6,35 A (HPLC, Bt % SPD-16 UV-Vis £ %% . CTO-16 F:iR 4% . Lab Solution LG 4,
TERE) , H AR Shimadzu 23 7] 5 1666 T 5 250 A €2 338 25 A4 ML TS 85 89 w8 s30T A €335 25 4 (250 mmx
2.0 mmi. d.), ZEE Alltech 23 1) ; Avance NEO 500 MHz A% 4 45 3 3% (NMR) , 7% 5 Bruker 23 7 5
Nicolet 120 %4/ HLIH- 25 30 2T AN AL (FTIR ), 3 Thermo Fisher 23 ] 5 SDT-650 BIHIHFL (TGA) ,
Taber 3 Fl 5 LTQ-Orbitrap XL %X (ESI-MS ) , & [ Thermo Fisher /A /] ; Vario EL T Y T2 /3 H14Y
(EA), fE[E Elementar 2> A] .
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1.2.1 BINOL-CPM #y % % il BERCAR G — 2 RN A 8 T T K3 BINOL-CPM (CsHy6N,0,) , A
2 Scheme 1 fF/R™". FERSAP T, B 1,2-2K % (43. 20 mg, 0. 40 mmol) FI(S)-2,2"- " FHk-1,1"-
BEZEHE-3,37 -8 (136. 8 mg, 0. 40 mmol) 73 HIFE EtOH (10 mL) ", T 78 “CIHI SN 10 h. [ b 45 ),
28 B AR B A B AR, AR EtOH PE % 2 K 15 2] BINOL-CPM (160 mg, 7% 97%). 'H NMR
(500 MHz, CDCl,), &8: 12.62(s, 4H), 8.79(s, 4H), 8.05(s, 4H), 7.84(d, 4H), 7.38(m, 4H), 7.27
(d, 8H), 7.15~7.20 (m, 8H) ; “C NMR (125 MHz, CDCL,) , &: 163.44, 154.82, 143.69, 135.93,
135.00, 129. 06, 128.71, 127.79, 127.55, 124.52, 123.34, 121. 50, 119. 51, 116. 90(NMR i [&] i, 4

CAHFE R ST).
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OH
Scheme 1 Synthesis of the BINOL-CPM
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BINOL-CPM (CssH3N4Oy)
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Scheme 2 Synthetic route of the CSP

TER ST, B G 1(0. 50 o) T Jo/K &5 (60 mL)Hr, FHEZE 60 “CIENMA 1= N BB
(0.26 g), TRFFO60 ‘C/RLN 48 h. SN ZE G, B ARV, Frid A& T 80 CILzs TH# 8 h, 1554k
2.

TERTSAT, Bba2(0.50 g) | Si0,-SH(1. 50 g) Fil AIBN (70 mg) TR S in A B B (60 mL)

T 60 “CIRIRE 72 he NS H , BRSO ], BT B AR U F BRI N e, F 80 "C T4
1 JE 1531 CSP.
124 @iEamE s Bl H CSP(1. 35 g) 5 n-HEX/IPA (IAFREL 90: 10, 30 mL)7EWIR A, M b B
5 min 13RS BT . BRI DGR R A = R S R, DL n-HEX/IPA (AR FHEE 901 10)
RHEIEE R, PREFE 50 MPa 5 HOBF DR A 28 BN 580 (055 44 4 5 5 min J5 798 2 48 K58 2k 25 MPa,
FFAREE 30 min. BT, B OEA 4T HPLC 248, LA n-HEX/IPA (URFR L 90:10) A shAl , 16
0. 1 mL/min 73 T ik 2 RO AR5 74 B 5L

2 HR5HE

2.1 BINOL-CPM #1 CSP By R 1iE

K Z oM H AT A B BINOL-CPM K CSP#EF 7 TR AE . FTIR GG B 1(A) 27K, 1620 cm™
AW iU U & T BINOL-CPM HF B (—C=N—) B AE RS, 3410 em™ &b i 58 W 004 U1 s T B0
PR (—OH) 4P 2, 1510 1 1440 em™ &b i W S0 T U4 g T 28 30 224 51, 3060 em™ &b 19 W i
I & AR R (C— H)E’Hﬂ“ﬁﬁfjﬂ%& H4JE BINOL-CPM f543 720 (Cy Ho N,0,) 11545 HAr 1
T 828.2737. {E ESI-MS IS [ E 1(B) JH, m/z=415. 1404 A A5 5 0@ T [M+2H | > & Tk, X 5
BINOL-CPM [3ig Bl 5e A —3% . 454 BINOL-CPM /% 'H NMR F1 °C NMR i i#— 24\ Bin~= 0
A [FIEF, A T 25 %8 BINOL-CPM 7 R P sl v v rh i foe o, B LAEAS W] pHE (3~11) A 7K 5 IR
HOR 24 h, T15 H NMR 3% B 512 R AR AR (B S2, WA SCZH#E ), %&B BINOL-CPM 7€
PR/ (pH 3~11) Fp HAT RAFA ek

XTHE CSP, Si0,-SH A1 BINOL-CPM % FTIR 3% &l [ [#] 1(C) [ & B, CSP7E 2926, 2850 F11620 em™ Ay
FEAEWEE A 2 3458 , 10 i F8E5 A9 BINOL-CPM H1—CH,, —CH—F1—C=N—23LH B £L SR ITEL
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Fig.1 FITR spectrum of BINOL-CPM(A), ESI-MS spectrum of BINOL-CPM(B), FTIR spectra of
BINOL-CPM, SiO,-SH and CSP(C), and TGA curves of SiO,, SiO,-SH and CSP(D)

[ HsF CSPAE 1510 Fl1 1440 em™ 4b H BT (0 W% g ) 2 i -F BINOL-CPM R Z5 3R B 2 IR BT 8. TGA il
A E1(D) [ 5n, 5Si0-SHAHM, CSPA B E R, 32 H THEA A BINOL-CPM A HLA 5343 T2 31
(). G552 1HPITE TSR, CSPHC, NATH B & 5 Si0,-SHAH H 38, iE—5 2 R FH i 5L
S RN 2% BINOL-CPM ARG 2 T Si0,-SH . ARFEUT R /A CSP IR A 2 (0, pumol/m?)" ¢

6
w= ex10 (1)

c
SX 12 001 XNCX(IOO_mer)

Krp: C(% )R CSP 5 SiO,-SH AH EL Iy hn iy 5 it 5 N A Bk L 1 5 BINOL-CPM R S5 +-45 5
MR BT K s 5L T BINOL-CPM 8401 i 5 S M RERS 10 AR (300 m¥/g). 1125 R0, CSP Ay &1
HEA TR 0. 26 wmol/m?. ILAN, S T HR5E CSP 78 s AH i Ae e P, K 343 7 7E n-HEX/IPA (AR L
90:10) . MeOH/H,0 ({AFH 1 70:30) A4k HhiR 136 h, SR )5 PR TLLAMERENNR, Fo- AT 5 K 5 ok
AR FRAY CSP HY FTIR A T4 LG (1S3, AR SCERFF B, X a5 R s, 1215 1) CSP Y FTIR 3% 4]
SRGAIMBF L, WK B ARk, 2926, 2850, 1620, 1510 F1 1440 em™ b HHEE WL W IEATY SR AZLE
FHHIZ CSPAE shAH AN 2K h A R pReoetE . 2 71 A AR . 76 NP-HPLC B T,
A HBSEEECN 155008 /K 5 76 RP-HPLC AR, FHZEIAS HBSIEECH 13200 Bk .
Table 1 Element analysis data of SiO,-SH and CSP

Elemental composition (%)

Sample
C N H
Si0,-SH 4.36 <0.05 1.79
CSp 10.14 1.09 2.63

22 FEREEREX THENFERSEEIEN

DL n-HEX/IPA VE R sk, ¥PAG T 3% TERELE NP YRR A T A TR0 PRl . SCI0 25 SR s, 78
NPHER T iZ TP S s | Wi | s K225 12 P P S A Bt i TR 808 , PR i)
BRI DLE 2, P B Eiss e TR 20 . 2 2 al A, 128 AL S 9 Fh sl T kel
SAE(R>1.5) , FIZAETE NP YR B Bl i FHESR - ERE . % 12 M 7E Chiralpak AD-H
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Fig. 2 Chromatograms of the 12 racemates on the BINOL-CPM column under NP-HPLC conditions

The names of compounds A-L are shown in Table 2.

Table 2 Chromatographic data of racemates separated on BINOL-CPM column, Chiralpak AD-H and
Chiralcel OD-H columns in NP elution mode

Serial BINOL-CPM Chiralpak AD-H Chiralcel OD-H
Racemate
number k, o R, k, a R, k, et R,

A Ethyl mandelate” 0.99 2.13 5.67 192 1.08 1.63 145  2.04 7.68

1-(3-Fluorophenyl ) ethanol” 0.97 2.19 3.51 0.83 100 —° 0.62 1.00 —
C 2-Methoxy-2-phenylethanol’ 1.09 2.00 2.64 091 123 270 0.81 1.13 0.69
D 1-Phenylethanol’ 1.17 1.74 3.27 084 100 — 090 1.22 1.29
E 1,2-Bis(4-fluorophenyl)-2-hydroxyethanone® ~ 1.02 4.19 4.89 436 1.10 2.09 1.81 1.09 0.93
F 1, 1'-Bi-2-naphthol” 1.09 2.68 3.82 744 1.03 0.10 380 1.11 1.25
G 3-Hydroxy-2-butanone” 0.86 2.41 3.40 .29 100 — 0.84 1.00 —
H 1—(4—Chl()r()phenyl )ethanol® 0.93 1.54 1.53 0.86 1.04 0.19 0.78 1.13 0.67
I Mandelic acid” 0.98 1.90 2.15 295 119 230 1.67 1.29 2.14
J 1-(4-Fluorophenyl) ethanol” 0.92 1.47 1.29 0.83 1.00 — 0.74  1.00 —
K Methyl mandelate® 0.92 1.67 1.22 .92 1.08 1.63 145  2.04 7.68
L 3-Chloro-2-butanone* 0.52 1.59 1.04 040 134 1.03 033 197 2.82

a. Mobile phase: n-HEX/IPA (volume ratio 90: 10) ; b. mobile phase : n-HEX/IPA (volume ratio 95:5) ; ¢. cannot be separated. The
analytes were separated on Chiralpak AD-H and Chiralcel OD-H columns with n-HEX/IPA (volume ratio 90: 10) as the mobile phase at a flow

rate of 0. 5 mL/min.
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1 Chiralcel OD-H i i AE EHEAT THR40 X H, B 90132 2, 853 % e i (&1 00 /&1 S4 (WA SC 3 H7 5
K. 2 IR S4 AT A, 7E NP BeBAE LR BINOL-CPM AR 2010 12 Fh PPk &4, 1-(3-F ) 2
B 1R OB 3-F20-2- T AN 1-(4-F5R 3 ) £ F3X 4 Fhik & 9 AN BEFE Chiralpak AD-H A _E 3154543,
1-(3-FHRIL ) LW L 3-F25L-2- T HAAN 1-(4-FAR I ) ZFEAL G WIASRETE Chiralcel OD-H #E_FARkA3H74); IF
FLIZAE I REHR 433X PR A SN BEPR 0 1 1-(3-5UR L ) 1 | 3-FRFE-2- T AN 1-(4-FUR L) £ X
3FPAMEEMA . LA, BINOL-CPM AESZEL T X} O Fo M HElAR LR 5325, 1Mii Chiralpak AD-H FESZEE T X}
SFAME TR HELE /3B, Chiralcel OD-HAESZEE T X 4 FAMEBEAR A IELL /3 8BS . — BN e AR 1224
PRS0 R A = T PR R S AL, WURAKER CBR L 1, 2- 8 (4-F0R AL ) 2- 58S A L 1,17 -E-2- 25
1-(4-G R HL ) LT 3-50-2- T B 7E Chiralpak AD-H #:_F3RA5 0 R (KT BINOL-CPM 41 ; 2-F 4 k-2 2K
LR 1RO 1,2- W (4-F0RFE ) 2- R I W L 1,17 -B6-2-Z5 | 1-(4-F 7K 5E) S WA i Wk FRAE Chiral-
cel OD-HAE_E4F43 A9 R AE AR T BINOL-CPM A= .l bRl UL, 3% EkE 5 AN R S A 2 [l e A 1 0
PR HANC R, VR A AN REYR 20 s BEAR A7 4R 43 1 — LB AN A, BRI L HAT — 3 i F e 3 S
CINIER

s F M B L R R A, REHERDBFEERMSER . 2% CSPXFHAEY A RIFH
Pr o3RRS BINO-CPM Bl R 43+ 28 i RN IR 4 G . BINO-CPM 2 |1 (S)-2,2" - 58 -1, 17 -k 28
B33 RN 1, 2- K T R A TR, He (8)-2,27 - TR AL, 1 R ZE I3 3 - T A B A T R
ZEIE0 I BT hry (]SS 2 I e (— C=N—) 3 I LW ELAT 43 25 I i i R 28
Z5#, IF H BINO-CPM 43 FZ5 il A5 ZARIR LA . Ytk A2 5, 7T 5 BINO-CPM = 4= 5
B ERIRSFFOIER, AR m-m A EAE S AR - AR A5 . X i 454 o A 1
REFW o B TSP Em2s, B 2R IHATLE (—OH) , #85 BINO-CPM (1) S 372 (A (N 1
O 51 KA S BEVE AT, I Mg actr sy . a0, 3-F23E-2- T F AN 3-50-2- T Bl B A F LAY 4> F45H#
3-G4-2-THidH i C1JEF55 BINO-CPM () & B4R FH HE 3- 72 36-2- T il 19 -OH 5 BINO-CPM f4) &1 FH 55
2 oy B A A BRI AN 3-5-2- T B A AR A0 RORAS A X 3- 5838 2- T HR R 0GR, hath— 2 E st
SRS A EENER . E RFELY T, 1,2-X(4-FFEI) 2- BRI L WA, 17 -5E-2-
ZEW HAT 2RI, S BINO-CPM P= A= 5550 i) - AHELAE T, 38 2 WP s /0 50808 Sl /R i X i 2
S RTIPR AR T o, R o A AR DG PR L A R . B, FHER
SRR A E A, AN RS R s — VR S5, TR 2 R 0 R R R G 2 B R R, 3% CSP
50y M) 2Z (B R | - (R - (PR AR R L T 75 SR B AR A e D 55 o 2 X 40 4 1) F- PR
ROR .
23 RBEREX THNFERSEEEIEN

L MeOH/H,O VE M shAH, R T % FrEAELE RP VR T i FrER kR . 45RBR, 4,47-—
HORZ B A | 4-F 3 “ 2RI HI I | 2-FH A2 IR 21 R . i BRIER IR AN 175 2 X 6 PP Tk &
WITEZR Ve T A5 TP . B3 MR B s, £ 350 TR @it didE . hE 3 fmk3nl
L, A SFhFREMAL Y TR . k2, £33, F2ME3 AL, mIREE . 2-FF A28 52
A 128 R 3 FPF AL & 076 NP FI RP PEMAE T ¥00idR 4y, HLAERZAE NP YRR i O/ B3 B[]
KT RP UM, Pr Rt 2 NP UE A F RP YB3 ml B2 il T AR B A 3 30
FHH Y MeOH F1 H,0 Xf CSP_F S B s 5 4 s, pLse i B CSP b & A A, 7350474 5 CSP
FIAH EAE RS, PrRORAE 22 . BLAh, i85 X 6 T AL & P 7E Chiralpak AD-H il Chiralcel OD-H ¥
BT T B, X S RIS SS (WA RE L), oo e Bdies) 3£ 3. — ST S
AN OE RS E SR R Chiralpak AD-H 0 Chiralcel OD-H #%. U, Chiralpak AD-H AR 1-R 4
Pt s 4- L — 2R L F LA 9% CSP AE B (43 5 1 (R =1. 99) K T Chiralpak AD-H ¥ (R=1. 66) Fl Chiralcel
OD-HH#E:(R=1. 46) ; JmbklR L BR1EZ% CSPAE_F B 43 B (R =1. 92) KT Chiralpak AD-H(R=1.80), 2-H
ABL2-FE LA IZAE FA 2B (R =1. 89) K T Chiralcel OD-H 4 (R=0.69). Z5FZ0, % FHEMAE
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Fig.3 Chromatograms of 6 racemates on the BINOL-CPM column under RP-HPLC condition
The names of compounds A-F are shown in Table 3.
Table 3 Chromatographic data of racemates separated on the BINOL-CPM column in RP elution
mode and on Chiralpak AD-H and Chiralcel OD-H columns in NP elution mode
Serial BINOL-CPM Chiralpak AD-H Chiralcel OD-H
Racemate
number k, @ R, k, a R, k, a R,
A 4,4'-Dimethylbenzoin* 0.62 2.15 2.55 5.06 1.10 2.74 1.69 1.36 2.39
B 4-Methylbenzhydrol® 0.52 1.93 1.99 1.66 1.11 1.66 1.74 1.13 1.46
C 2-Methoxy-2-phenylethanol” 0.48 1.99 1.89 0.91 1.23 2.70 0.81 1.13 0.69
D Benzoin® 0.52 1.73 1.56 4.53 1.28 5.22 2.52 1.58 6.69
E Ethyl mandelate* 0.34 1.84 1.92 1.66 1.12 1.80 0.62 1.78 3.54
F 1-Phenylethanol” 0.33 1.65 1.08 0.84 1.00 — 0.90 1.22 1.29

a. Mobile phase: MeOH/H,0 (volume ratio 70/30) ; b. Mobile phase: MeOH/H,0 (volume ratio 60/40) ; ¢. cannot be separated. The
analytes were separated on chiralpak AD-H and Chiralcel OD-H column with n-HEX/IPA (volume ratio 90/10) as the mobile phase at a flow rate
of 0. 5 mL/min.

NP F1 RP PERAR T 4 5 A B i TR 4358 11, 5 Chiralpak AD-H 1 Chiralcel OD-H F:A77E KL 4T )
FHHR I BAME , AR N A E .
24 SEEENFHERS NN

VU BEER T8 R A4, 76 NP A1 RP YEMA T 5 BRI B (1~20 pg) , BEE T b e
AR HE TSR RO A . Wi 4(A) FI(B) Btz , Bl UERE A3 0, S04 i 18 7 et ) 2
BN, TEZIERE RO B N A B ROR TC B R, I H AT S — e 70 S5 A AR 1 e 1 R 5 R A e 22 ]
WHABAFMEMERR . I, 2T —E PERE RS A B R s e, e F ks
Wy st 4B B S
25 HEMEIMEFRRES

N T VAIZ TR AN R PR AR T 403 i S AR 1, BEBUm DR BR £ T8 R AT b A T 1 1
AEIOIE . W& S6 (WA SZF:5 {5 8) iR, FEIZ T AL 2k (100, 200, 300 F1400 1K) A ERESL 56
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Fig.4 Separation chromatograms of ethyl mandelate with different injection masses under
NP-HPLC condition(A) and RP-HPLC condition(B)

Effect of injection mass on retention time and chromatographic peak area[ Insets in (A) and (B): @, a’. R-ethyl mandelate;

b, b’. S-ethyl mandelate ].

J& , B BEIR 2 TR UEA TR A, R4 A A X A (2 e £ % B8 B ] o) R4 B (R SRl
ZHICEEAL, Hoe R IRSD (n=5) 73 H1/NF0. 49% F12. 88% (F S1, WA EE). MAh, K
TP A R A RE R B, 72 R [RIFE U 25 1 CSPEEFEAY 3 A il A (R 1, 2R 3) X Ak iR 2.
BRI T T 8553, 1520 GRS RN E ST AL RHE B s, PG A 358 1) ¢ F1 R 1) RSD (n=3)
A3 /NTF 1.09% F15.75% (32 S2, WA SO RHF ). LR g R M, At HAT R A7 i 31 3 A
.

3 & it

T Hi - S T A R, W — Rl R T 2 K ER BINOL-CPM 85 B S Sk B e 1T, Wi
il #¢ T —F HPLC CSP. % CSP3EFeAE BAT R AFA FHEPR -1k BE, 76 NP5 RP YRR, nl 4R
1t | B | By Mo WLR S 2 Fh 2R R TS . 5 Chiralcel OD-H il Chiralpak AD-H i F HPLC R 5 kE
RN FEAE SR B R, 78 NP YRR N A 07 20 1 12 Fh AN et AT 4 FHSREAE Chiralpak AD-H FE | 3545
543, A 3FIRBETE Chiralecel OD-HHE FARTGF43 5 78 RP BB T IZ AR50 19 6 FhAME e A 1 Fh
AHEAE Chiralpak AD-HFE FARIFHRSr . 46, —SEHMNIBEAARTEZAE 974 09 R At 5 F B AN R il AT
P, 2 S PR R A A R TR B AME, BEPR - BN IS BEYR 4 BN BEAR AR 43— 26 T
HALEY) . ZAE IR AT IR e M. PR R Y], BINOL-CPM J&—F R 47 HPLC 1
OYEMARL, A —E AT B SCRNE, ] B HPLC CSP WA sE iR 2% .
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