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Synthesis of Calix[4]proline Derivatives and Their Chiral
Recognition for Enantiomers of Mandelic Acid
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Abstract Five chiral calix[4]proline derivatives were designed and synthesized from aminocalix[4]arenes, and their struc-
tures were characterized by '"H NMR, >C NMR, IR, ESI-MS and elemental analysis. The chiral recognition ability for enan-
tiomers of mandelic acid was investigated by NMR techniques, and the results showed that 5,11-diprolinamides substituted
calix[4]arene 2b could well and selectively recognize the two enantiomers of mandelic acid (K;/Kp~94). A possible recogni-
tion mechanism was proposed, which was constructed by cooperative multi-supramolecular interactions including intermolec-

ular acid-base, hydrogen bond and n-- -7 stacking interactions.

Keywords calix[4]arene; L-proline; mandelic acid; chiral recognition; NMR
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T 6T NMR P o A 56 5T 7 (1 2800 1 L A 2= A% A
FE, AT LA AU R e R R PR A AT a5 R AR ELE
SAF R, WM AT GE I 45 6 07 20, AT K R
J1F F AR5 10 1 B S T 70 AR Se i ik R AR
(I R 51 ANAR[4]55 1 1 B VS 3R 15 — R4 T AR [4]
I IRATAED), 18 H NMR HARB 70 BT MA (51
RAIPERE.
1 GHR5TR
1.1 MMAHRERTTEMMNE K

R I7 I N IAB AR B 25 5, e iy
AR, FRANE T IRR, (EAR[4]95 75 FimiE i ik 5 s
AT Ji RIAT ) % R AS [R5 AN H I = R AR AR
(4175 R 5 BRI E IS Boe- 1147 ) L-MA 7E i
IKF] N,N'- 38 OB L P & (DCC) AN — FH & R it e
(DMAP)EF T it 7K 73 Bk e B 773 1) Boc- B3 TRIAF [41
FIRATEY R AR, BGRH =R R BRY En 453]
XoF () RV 41l 2B 1T 424 2a~2e (Scheme 1).
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O 0o O DCC,DMAP  cHcl,, 50 °C

23

1
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Scheme 1 Synthesis of calix[4]proline derivatives
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1.2 HAFRERRITEDN BER TS AENF
IR H
1.2.1 EHhpTayimik

PL MA SME TR 3 AR T, 8 IR A
I IR AR IR AT AEIXT MA SR F A A (D-3 5%,
L-3)F PRSI ERE. B ok, FRATHE S AT VAR [410
RANTAEY) 2a~2e X MA X5 R4 (1) F-PE 1R 591 g
7E CDCl; o HIELH] 10 1 PR AYI(S mmol/L),
MM MA # PhCHO [T T4 "H NMR {162
oy BAi ke, ik IR SR I Bk T SRR
Y, 5,11- 2 M DA 419752 2b R T B oR )
W EE S, Hoxt DLL-MA BRI AT LUk F] 28.5 Hz. Wi
1 fiox, #EAMNETE MA F PhRCHO 1) H i 77 'H NMR
RN — AN g, BT 2b EINE] MA 1)
CDCL W5, MA H1i PhCHO g g4 %45 A TH
BUMEE WS g, B3R5 F 2b XWAFRIELT] MA
HAT BRI P 5B R B B O [4]
P 2a VE AR, Rk 42 Hz (925 RN B
5,17- IR B HUIRAR (4175 48 2¢ #1 G 18 Hzy 24ik
5,11,17-= R BB AR [4155 4 2d A1 5,11,17,23-PU
R EERHAR[4]95 92 2e B, ‘BT "H NMR 5% B2
ME RN RE, LS H, TTRERETREZ0NS
F NGl  E B E BT EL e L, 5,11-
Tk i AR AR [4]75 92 2b X6t 3 B9 F MR B Ae e £k
1.2.3 R AAEAF R

5 EAK 2b 564 MA BARD T HLSIKEES
mmol/L) AR, o748 32 B AR ] A TR BC b, 22 i A
SE HIZE AT Job BZR( 2). 455 %KM 2b 5 D-3 8% L-3 47
B 102 HI%EY, ERARZ PSS N 1!
20 DR, FRATHENIAR[4] 7548 2b A1 B A
BRI A G5B — A MA BARS T, (HFE 2 8] LR A7
TEAH LR RME A, RO RSE6 5, 11-AH AR — fili
SRR [4175 42 2b X 3 AR BIRCR L 5,17-FE X )
TR B EUCAR[4] 558 2¢ SR(2b] : [3]=1: 1, AS:
0.095 vs. 0.060), X 1] e 2 HT 2¢ H AT PR 2 Wt
DRI IR Gz, = B MA B4R FARILE, A
REL B B FIROE . Bk, BRATREE T AT GERI IR A
HLEE(Scheme 2). B4, MA ) COOH 5 2b {1 i i@
AERBAR AR, FR O=C 5Bti% NH A,
X, MA ] OH 5 2b " 55— F &AM 1) O=CN
VEFI T VB, AT A 79 A e 2 Ik g 8 380 A BB R FH
Thak, &Ja, P MA FR R ZRIER B 2 [0 DL B
MR AFIE - HERUER, B 01has T &
14 2b X AE 3 BRI BE 7.
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Figure 1 The resolution of racemic mandelic acid 3 in "H NMR spectra induced by 2b
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Figure 2 'H NMR titration (a) and Job plot (b) of 2b with optically pure D-3 and L-3
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F 1 2b 5Pk R 455w
Table 1 The association constant of 2b with enantiomers of
mandelic acid

K /(Lemmol/ ") Ko/(Lemmol/ ")

L3 3520220 160090
D-3 350 %50 170+ 10
fEHI.
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e, BATCL 5,11- Il = e B AR [4] 05 4% 2b 1B
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' PhACHO _LJ5i T-HIZL 0 AR A48k, 24 &R 5 1
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Figure 3 'H NMR titration plot of 2b with racemic mandelic
acid 3
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[41BHZR 2b XA [ R4 T 1) o WK IR S A Ak B AT 4
PGB . A FOR 3 — 20 $0 58 M 05 IR AE T
I3 TR R 4 Ak R R A

3 S

3.1 X5

XT4-100X A4 5 ik s g A (i FR OB A B A R
HIRAT, R&KRIE); SHIMADZU LCMS-2020 % )i i
1% (H7%); BRUCKER Avance 111 300MHz B! ¥ i 3L 4R 1%
(F[H), "H AZRILIRAIZ N 300 MHz, °C SRR
N 75 MHz, TMS NP FR; VARIAN FT-IR 84008 41 4k
A (3L E), KBr JEFr.

HZENT R RN (E S T A R),
5-545£-25,26,27,28- VU 1E T F AR [4]05 K& (1a) 2 JE SCRR 1)
Jrigil gt He R A T A A AT KA.

3.2 MUIRMEERITE 2a~2e HWERK

¥ 5-=FE-25,26,27,28-VU IE T FEM[4]75 12 (1a) (0.66
g, 1 mmol)¥% T CH,Cl, (50 mL), [N L-Boc-fili & &
(0.24 g, 1.1 mmol), DCC (0.31 g, 1.5 mmol)f1 DMAP
(0.0611 g, 0.5 mmol). 7EEE KM FHFE 10 h, 1F1kx%
N, I BERR L ARVER DCU, MR RIS, R ENT
VORI @ (LR OBR)=8 1 1~3 1 1), 155 [
14(0.74 ). BHAEE W HIET CHCLy (30 mL), 40 =%
(1 mL), IBEWLE 50 C FxM 3 h. LR, 78
I, M CHCl; (30 mL)A1 H,O (30 mL), i NaOH
TIR(2 mol/Lyf pH & 8~9. /i, /KJZFEH CHCI; (30
mL)#EI—R, AIAENE, WAEHKEG0 mL), T
7K Na,SO, T4 i, ZATEABAN Bzt &) 2a.

&Y 2a~2e &I 2a, HFH BN
L-Boc- 2R 1 H &= R

5- & Bk 1% -25,26,27,28- DU 1E T FE £ [4] 55 42 (2a):
A, IR 86%. m.p. 65~67 ‘C; 'H NMR (300
MHz, DMSO-dg) 6: 0.97 (t, J=17.5 Hz, 12H, CH3), 1.37~
1.53 (m, 8H, CH,), 1.57~1.76 (m, 4H, CH,), 1.80~1.95
(m, 8H, CH,), 2.84 (t, J=6.5 Hz, 2H, NCH,), 3.10 (d, J=
13.2 Hz, 2H, ArCH,Ar), 3.16 (d, J=13.2 Hz, 2H,
ArCH2Ar), 3.56~3.61 (m, 1H, NCHCO), 3.75~3.89 (m,
8H, ArOCH,), 4.31 (d, J=13.2 Hz, 2H, ArCH,Ar), 4.34
(d, J=13.2 Hz, 2H, ArCH,Ar), 6.45~6.61 (m, 7H, ArH),
6.70 (d, J=7.5 Hz, 2H, ArH), 6.96 (d, J=2.7 Hz, 1H,
ArH), 7.00 (d, J=2.7 Hz, 1H, ArH), 9.52 (s, 1H, CONH);
3C NMR (75 MHz, CDCLy) 6: 14.1, 19.3, 19.4, 25.0, 25.8,
26.3, 26.9, 29.4, 30.7, 31.0, 32.1, 32.2, 32.4, 45.6, 47.3,
51.7, 61.0, 74.8, 74.9, 119.7, 121.6, 121.9, 122.0, 127.9,
1282, 128.3, 131.6, 134.4, 134.6, 135.8, 136.0, 136.1,
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153.5, 156.2, 157.0, 172.6; IR (KBr) v: 3448, 2959, 2930,
2869, 1683, 1601, 1525, 1459, 1382, 1291, 1245, 1087,
1028, 762 cm™'; ESI-MS m/z (%): 761 ((IM+1]", 100),
783 ([M+Na]", 32), 799 (IM+K]", 20). Anal. calcd for
C4oHeuN,Os: C 77.33, H 8.48, N 3.68; found C 77.48, H
8.35, N 3.76.

5,11- W& Bk -25,26,27,28- VU 1E T RE4R[4]75 18
(2b): A, I 84%. mp. 115~117 C; '"H NMR
(300 MHz, DMSO-d;) d: 0.96 (t, J=7.5 Hz, 12H, CH,),
1.35~1.50 (m, 8H, CH,), 1.56~1.71 (m, 6H, CH,),
1.79~1.90 (m, 8H, CH,), 1.94~2.03 (m, 2H, CH,), 2.83
(t, J=6.5 Hz, 4H, NCH,), 3.06 (d, J=13.2 Hz, 1H,
ArCH,Ar), 3.12 (d, J=13.2 Hz, 2H, ArCH,Ar), 3.17 (d,
J=13.2 Hz, 1H, ArCH,Ar), 3.55~3.59 (m, 2H, NCHCO),
3.71~3.85 (m, 8H, ArOCH,), 4.28 (d, J/=13.2 Hz, 1H,
ArCH,Ar), 4.31 (d, J=13.2 Hz, 2H, ArCH,Ar), 4.34 (d,
J=13.2 Hz, 1H, ArCH,Ar), 6.49~6.66 (m, 6H, ArH),
6.81~6.89 (m, 3H, ArH), 6.70 (d, J=2.4 Hz, 1H, ArH),
9.46 (s, 1H, CONH), 9.49 (s, 1H, CONH); C NMR (75
MHz, CDCly) d: 14.1, 19.3, 25.0, 26.2, 30.7, 31.0, 31.1,
32.2, 323, 34.0, 47.3, 61.0, 74.8, 119.6, 119.8, 119.9,
121.6, 121.7, 128.1, 128.3, 131.5, 131.6, 135.0, 135.1.
135.2, 135.3, 135.6, 135.7, 153.3, 153.4, 156.7, 172.6; IR
(KBr) v: 3443, 2959, 2930, 2869, 1677, 1602, 1528, 1463,
1382, 1289, 1242, 1211, 1085, 1029, 870, 765 cm';
ESI-MS m/z (%): 874 ((M+1]", 42), 896 ((M+Na]",
100). Anal. calcd for Cs4H7,N4Oq: C 74.28, H 8.31, N 6.42;
found C 74.41, H 8.22, N 6.33.

5,17- il 2 Bk 12 -25,26,27,28- DU 1E T 3 AR [4] 95 12
(2¢): AEK, UK 83%. m.p. 104~106 C; 'H NMR
(300 MHz, DMSO-dg) 0: 0.99 (2t, J=7.2 Hz, 12H, CH,),
1.27~1.35 (m, 4H, CH,), 1.50~2.08 (m, 20H, CH,), 2.88
(t, J=6.5 Hz, 4H, NCH,), 3.10 (d, J=12.9 Hz, 4H,
ArCH,Ar), 3.62~3.70 (m, 6H, NCHCO+ ArOCH,), 3.93
(t, J=7.8 Hz, 4H, ArOCH,), 431 (d, J=12.9 Hz, 4H,
ArCH,Ar), 6.32 (s, 6H, ArH), 7.31 (d, J=3.6 Hz, 4H,
ArH), 9.73 (s, 2H, CONH); *C NMR (75 MHz, CDCl;) ¢:
14.0, 14.2, 19.1, 19.6, 25.0, 25.6, 26.3, 30.7, 31.0, 31.9,
32.4,32.5, 34.0, 47.4, 49.0, 61.0, 74.8, 74.9, 119.8, 119.9,
122.1, 127.5, 131.6, 133.2, 137.1, 154.2, 155.3 172.7; IR
(KBr) v: 3438, 2959, 2930, 2868, 1679, 1603, 1526, 1461,
1243, 1214, 1085, 1027, 875, 761 cm '; ESI-MS m/z (%):
874 (IM—+1]7, 31), 896 ((IM+Na]", 100), 912 ((M+K]",
18). Anal. caled for Cs4H-,N4Og4: C 74.28, H 8.31, N 6.42;
found C 74.39, H 8.24, N 6.31.
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5,11,17- = Jili 2 Bk 12 -25,26,27,28- VU 1E T 3L AR [4] 55
E@d): EOEA, R 70%. mp. 148~150 C; 'H
NMR (300 MHz, DMSO-dg) 6: 0.93~1.00 (m, 12H, CH3),
1.10~1.38 (m, 6H, CH,), 1.47~1.76 (m, 14H, CH,),
1.81~1.92 (m, 8H, CH,), 2.78~2.90 (m, 6H, NCH,), 3.06
(d, J=13.5 Hz, 2H, ArCH,Ar), 3.14 (d, J=13.5 Hz, 2H,
ArCH,Ar), 3.50~3.55 (m, 1H, NCHCO), 3.62~3.75 (m,
6H, NCHCO+ArOCH,), 3.87~3.92 (m, 4H, ArOCH,),
4.28 (d, J=13.5 Hz, 2H, ArCH,Ar), 4.36 (d, J=13.5 Hz,
2H, ArCH,Ar), 6.35~7.32 (m, 9H, ArH), 9.28 (s, 1H,
CONH), 9.67 (s, 2H, CONH); C NMR (75 MHz,
DMSO-dy) 0: 14.3, 14.4, 19.2, 19.5, 24.9, 25.8, 26.4, 30.8,
31.0, 32.0, 32.4, 33.8, 47.2, 48.0, 61.0, 61.2, 74.8, 75.0,
119.3, 119.9, 120.1, 122.2, 127.9, 132.9, 133.8, 135.7,
136.0, 152.0, 153.1, 155.8, 157.1, 172.5, 173.0; IR (KBr)
v: 3324, 2958, 2930, 2873, 1697, 1672, 1627, 1604, 1551,
1478, 1402, 1366, 1243, 1212, 1163, 1124, 1087, 1032,
981, 877, 772 cm'; ESI-MS m/z (%): 986 ((M+1]", 52),
1008 ([M+Na]", 100). Anal. caled for CsoHgoNgO;: C
71.92, H 8.18, N 8.53; found C 71.81, H 8.24, N 8.42.

5,11,17,23- DU fifi & Bk 1 -25,26,27,28- DU 1E T L AR [4]
Fi(2e): O, KFE 65%. mp. 179~181 C; 'H
NMR (300 MHz, DMSO-d;) : 0.97 (t, J=7.2 Hz, 12H,
CH;), 1.35~1.48 (m, 8H, CH,), 1.57~1.70 (m, 12H,
CH,), 1.84~2.01 (m, 12H, CH,), 2.82 (t, J=6.5 Hz, 8H,
NCH,), 3.11 (d, J=12.9 Hz, 4H, ArCH,Ar), 3.53~3.58
(m, 4H, NCHCO), 3.81 (t, J=7.5 Hz, 8H, ArOCH,), 4.32
(d, J=12.9 Hz, 4H, ArCH,Ar), 7.00 (d, J=2.1 Hz, 4H,
ArH), 7.06 (d, J=2.1 Hz, 4H, ArH), 9.54 (s, 4H, CONH);
3C NMR (75 MHz, CDCLy) 6: 13.9, 14.1, 19.3, 25.0, 26.2,
30.6, 31.1, 31.2, 32.1, 34.0, 47.3, 49.0, 61.0, 75.1, 119.9,
131.8, 134.9, 135.0, 153.1, 172.9; IR (KBr) v: 3292, 2958,
2931, 2869, 1668, 1602, 1529, 1469, 1416, 1292, 1213,
1143, 1105, 1069, 1029, 980, 865 cm '; ESI-MS m/z (%):
1098 ([M+17", 16), 1120 ((M+Na]', 100). Anal. calcd
for Cg4HgsNgOs: C 70.04, H 8.08, N 10.21; found C 70.16,
H 7.99,N 10.14.

3.3 RIS E
3.3.1 Job ¥ & 6944

FHl CDClL; 43 I BC I £ 4K 2b (5 mmol/L) 1A 2%
afi L-3 (5 mmol/L)E W, FA AT LU £ /R AR EAZ 1
EHRE, BRIKREAE 5 mmol/L A28, %8 [2b]/[L-3]
(V © V, uL/uL) (mol/mol)=300/100 (3 : 1), 300/150 (2 :
1), 300/300 (1 : 1), 180/360 (1 : 2), 120/360 (1 : 3),
90/360 (1 : 4), 70/350 (1 : 5)FLECH] 7 4ridkE, RE =

http://sioc-journal.cn/ 1535
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T8R4 B0 5E &R ELIS BE R TH NMR, FF42: 41 Job
26O e 222l D-3 113 2 K AR R 77 7%).
3.3.2  EA4K2b MR F sk AR AR B

i CDCl; 4 #EC#) 2b (50 mmol/L)F1 L-3 (10
mmol/L)¥A, 1E— M i e L-3 AR (480
ul), AR 2b R, IMAREL RN 9.6,
19.2, 28.8, 38.4, 48, 57.6, 67.2, 76.8, 96, 115.2, 134.4,
153.6, 172.8, 192, 230.4, 268.8 puL, It i X} & 1
[2b]/[L-3] (mol/mol)=0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
1,12,1.4,1.6,1.8,2.0,2.4,28, 25 EIET 250 5E
FANEC LI RE S TH NMR (O D-3 FAZ R 5 5% FE AR
[H) 77%).
3.3.3  EAK 2b X AHRER H AR ARG AL B T

Fil CDCl; 3 HIFEC 1 344 2b (50 mmol/L) A1 %4451
Jim BRI T BEAA 3 (10 mmol/L)¥A i, £ —HAZ LR b [ 2
3 (480 pL) AR, & A H AR N 2b W, IIANARFR 5
WIN 24, 32, 48, 64, 80, 96, 108, 120, 132, 156, 192, 228,
264, 312, 384, 480 L, SEHTXFRH [2b]/[3] (mol/mol)=
1:4,1:3,1:2,1:151:12,1:1,1.125:1,125:
1,1375:1,1.625:1,2:1,2375:1,2.75: 1,325 : 1,
401, 501, IRAEER T2 A0 25N 0 b A
"H NMR.

4 BT KL (Supporting Information)  =E /K431 ik |
2b Xf L-3 F D-3 % Hing 52 B B 4 B T R
. IXBERLRL AT DL A 3% AR I 1) 35 (http://sioc-journal.
en/) R
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