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Enantiomers Identification of Penicillamine by Chiral Mono—Schiff Base
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Abstract A large number of chiral drug molecules have a chiral structure containing both D- and L-enantiomers, leading to
the mirror image arrangements of the two forms eliciting quite different physiological responses. Penicillamine (Pen) is a
common chiral drug that is obtained from penicillin, and researchers have been making continuous efforts to achieve rigorous
analysis and discrimination of the two enantiomers. Based on chiral Schiff base macrocycles containing NH functionalities
have the advantages of mild synthesis conditions and convergence of structural arrangement. Here we report two enantiomers
of the mono-Schiff base macrocycle containing chiral NH moiety in the cyclic structure (Cr and Cs), and the binding affinity
and enantioselectivity of the cyclic enantiomers toward small molecules penicillamine (D-Pen and L-Pen). The crystal struc-
tures of the mono-Schiff base cyclic enantiomers were determined by X-ray diffraction analysis, and the results show that the
two cyclic enantiomers exhibit twisted non-planar conformation, in which the chiral NH proton points to the inside of the ring
cavity. The interactions between different enantiomers of the chiral macrocycle and penicillamine were investigated by ultra-
violet visible (UV-Vis) and hydrogen nuclear magnetic resonance ('"H NMR) titration, and the results show that the chiral
macrocycle binds with the enantiomers of penicillamine with a bonding ratio of 1 : 1, binding constants around 107 Lemol™!,
and the complexes of [C-Pen-+H]" can be easily formed and detected by electrospray ionization-mass spectrometry
(ESI-MS). The interactions between different enantiomers of the chiral macrocycle and penicillamine are attributed to the
intermolecular hydrogen bonding of enantiomers by the asymmetrical chiral NH moiety in the mono-Schiff base macrocycle.
Comparison of bonding constants based on the chiral macrocycle binds with the enantiomers of penicillamine, the results
show that the chiral Cr exhibits higher enantioselectivity for L-Pen, while Cs exhibits the higher enantioselectivity for D-Pen,
with a binding constant ratio around 2, respectively. Further, investigation of circular dichroism (CD) spectroscopic titration
indicate that the penicillamine with the same chirality as the host macrocycle binds stronger with the host than its enantiomer
with the host.
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Figure 1 Crystal structures of the cyclic enantiomers and their UV-Vis spectra (a) as well as CD spectra (b) (¢=2.00 X 10~ mol/L)
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Table 1 Bonding constants K of the cyclic host with penicillamine
enantiomers (Lemol ")

Host-guest Kp (D-Pen) K, (L-Pen) K,/Kp Kp/K;
Cr-pen 2.12X107 3.44 X107 1.62 0.61
Cspen 3.20X 107 1.77 X107 0.55 1.81
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< \ l < 204
e 15 3 equiv. =
‘_? ‘_9 104 3 equiv.
2 of g o
% E .10
5-1 5 g 10
3 320}
_30 0 eauiv Cr*L-Pen -30 l" CgtL-Pen
200 250 300 350 400 200 250 300 350 400
Wavelength/nm Wavelength/nm
B 7 HEAR S B N (a) D-Pen F(b) L-Pen (¢=2.00X 10~* mol/L) T3 Cx (¢=2.00X 10> mol/L)¥] CD Y3 254k LA K 3% il (c) D-Pen A1(d) L-Pen

(¢=2.00X 10" mol/L)SF Cs (¢=2.00X 10 mol/L){#J CD itk # 2 (0~3 equiv.)
Figure 7 The CD spectra of Cg (¢=2.00X 107> mol/L) varied with the addition of (a) D-Pen or (b) L-Pen (¢=2.00X 10"*mol/L) and the CD spectra of Cs
(¢=2.00X 107> mol/L) varied with the addition of (c) D-Pen or (d) L-Pen (¢=2.00 X 10~* mol/L) in methanol solution (0~3 equiv.)

CD Mt E B BANE, 454 D-F L-Pen XM fAR4l
(1) CD 255 (E S10, WLSZRFE J2) BRI AT HEWT FPE A
Cr HH BRI IA AR RE CD {5 E1E
H, B L-Pen 5 Cr &R R, BEERRF L-Pen A
BN, 4R RE) CD sBEAWEA, HliLIR
SR ESs S ai 4k Cr—E(El 7b), 1M D-Pen 5 Cp
G VERMIRR, BEERRT D-Pen NG, 4F
GRRN CD 55 M A (K 7a). NEEEER T
T2 CD il AR AT 1, AN T P20 F AR Aax 7
295 nm &b, FERARG S YIAE CD it _EHJ Cotton RN 34
SRS (H/ ) HEERFHES, ESREX F R 5
YITE CD Jaits F 2L G R B T 75 85 x4k (1 714
BRAE. ERARGE AR ZIX I CD Yeili AR K i B AR 1L,
X B L-Pen 5FE4K Cr FMHILHL, T D-Pen 5 F 4Kk Cr F
PENPAFHVCHED. X2 RIN, & M A RIR B 1 Cr i
TR 2y BB NS )R ) D-Pen BY, L-Pen, fH
L-Pen {EFH S8R RM CD 58 48 & LEAH B 1) D-Pen
EK, REAFEFYER L-Pen 5 Cr oA 1FFHH 50,
e ERARG SV RN E, X5 BiR UV-Vis &
ARG —BU(K/Kp=1.62).

K 7c, 7d NFAK Cs 435 D-Pen A L-Pen % 51K &
) CD Ytk e fi 2k, £4KCs5 D-Pen 4 51K R, 76212
1302 nm &b H AN SRR, T L-Pen 4G 1K R 1)
PSSR S AE 238 AT 302 nm FiAL. ZEMRREIX Cs 235
55 B MRS SR I FE R R R7E CD it L
Cotton RN N FF 5 (+/—)H FAR CF TS, e
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REIX R A EEAA Cotton RN G2y, BV D-Pen 5 &
& Cs 4B 1EFEREN CD Jaitkiig e th R IR FAZ fb ik
#5HHFEEKRI Cs A —2(B 7¢), 1 H L-Pen JE 4k
GRRM) CD 55 WRAE R (B 7d). B [ AE R
1) Cs VS0 20 5 SS9 3 (P &= 1) D-Pen B L-Pen FiT
FHLEEAR R CD ISR AR I B D-Pen 44
SHARRN CD %% R R AN L-Pen MEK,
D-Pen 5 Cs I EZ MG EYE N E, X5 L&
UV-Vis Jii € R I 4518 —BU(Kp/K, = 1.81).

o=k 3 Ik ~E NNy ISR - 7S Nl [
HIFPEICECREAE, FRATEM FREE I E/R Cr F1 Cs A,
A3 BIIINEEYD R 81K L-Pen F D-Pen, % P-4 2 i
17 CD YGIEIE (] 8), W] WK Cr 5 H [RIF-1: ) L-Pen
A VN(Cr-Lpen) FIKIF Cs SHFFHEN D-Pen 455
(Cs-Dpen) 1 CD il B H FABBIE R, RHBERF
[F) =P K A 5 S e S B A D T P A 2 2%
IRGE B o0 1 TP S R R

3 g

WL Schiff B TP R E k5 F & ik 2
F] = 2SS AR AR AL, #8132 B A F B AR i
JE BRI TR RS 15 5 O WAk 4 72 18]k
AT EREER. LR SRR B A T R A, R
o [ A F e A F sz AR T AT AR
MR, SEAR IR SR T NH JE B4 5 58 TR R
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10+ - CS_DPen

Ag/(dm3.mol'-cm™)
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Wavelength/nm

B 8 FHRIEHFETIERFERSIAE 111 BEN GG Y
CD Jil ih 2k

Figure 8 The CD spectra of the association of chiral macrocycle with
the same chiral penicillamine enantiomer at 1 . 1 bonding interaction

TR, % T PR A 45 R R A A 3 O 1 ) 2 0 i
(NH) 5 2 [0 B A P A, R T 1 7 8 ) Ik A
D-BY L-Pen JT 5] 45 ) PR 451 47 1| 55 KA A B
RIBCALE A, DG S BRI 595 B O A 2 18] 7y
I A R SR AE A2 ). CD BB LR W], F% 1k
B HE RN T BRI 5 R T B o AR 2
R FAEILE R &R, BA R TR Rk A F
PSSR, 45 AT R A Oy 5 R P R 1 7 B
Fk oy T AT SR B AL T SN DLAC A A 1R B e, B
AR T BT T 2 18 IR B ECE X
e 3 1

4 SCIGERSY

4.1 XEFFAR

JEOL ECX 400 MHz #%#3L4R4%; Vario EL 11T £ 7T
FONTAG BiEUV-2700 %40 Ja 6T MS (Angilent
1100) 5T 043 A4k 45 #4052 K | Bruker Smart Apex fiT
S, Chirascan [8] 6 REA; SEEGHR 8 H 7RI AT 2
35 T A AT Al
4.2 Schiff AR Cr#l Cs IA RS RIE
42.1 FIRZBE Ap. As B % B 894 %

TR T TRV 7 5 e 1R,2R-N,N'-(2- i &
IO R Ay FREL 1R2R-FFCL % 228 mg (2
mmol). 564 mg (40 mmol)AfH ALK, 370 mg (4.4
mmol) NaHCO; ¥ T 150.0 mL Jo/K /A, 76100 ‘C R
AL 10 h, B I NS (IR A I BN UKOK 1, i
$£ 20 min, H CHCL, ZHL 2 &, WWEEA ML, HIEK
Na S04 T, IeT15 2 ik, FEALHEZETital,
A& W/ Akt 101 [k Bl vk e, 132
1R2R-N,N'-(2-fi 2 K 338 O . R b0k e B2 45 )
I AR 1R 2R-N,N"-(2-fiH25 2K ) -3 L fi% 3.00 g
Pd/C 1 g ¥#T 150.0 mL /K LEEH, 100 C R EIGE, 78
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[EIFUIRAS R8I 8 mL /K& B, FRELEIR 10 h, [N
SE R SRR, A UETRABI N UK K R, AT H R A,
T, FRES 2 g, B8] 1R2R-NN-Q-FIEFI) -
% Ag, PEE 66%. 'H NMR (DMSO-ds, 400 MHz) o:
6.56~6.38 (m, 8H, Ar-H), 4.37 (s, 4H, -NH,), 4.11 (s, 2H,
-NH-), 3.25 (d, J=6.0 Hz, 2H, -CH-), 2.14 (d, J=6.1 Hz,
2H, -CH»-), 1.66 (d, J=6.0 Hz, 2H, -CH>-), 1.35 (t, J=6.2
Hz, 2H, -CH»-), 1.16 (d, J=8.0 Hz, 2H, -CH>-).

B T4 1R2R-3A O Jied i 15,25-1,2-38 & ik,
1S,28-N,N"-(2- B FE #5838 C & AsT& T 1 M %
5 Ar HIZEML, 773 67%. '"H NMR (DMSO-ds, 400 MHz)
5: 6.56~6.38 (m, 8H, Ar-H), 4.37 (s, 4H, -NH,), 4.12 (s,
2H, -NH-), 3.25 (d, J=6.0 Hz, 2H, -CH-), 2.14 (d, J=6.1
Hz, 2H, -CH,-), 1.66 (d, J=6.0 Hz, 2H, -CH,-), 1.35 (t,
J=6.2 Hz, 2H, -CH»-), 1.16 (d, J=8.0 Hz, 2H, -CH»-).

PR SCRRUO VA A R 2,2- [5'-(2'- H B R IR 36 )]
Pk B: WU A oK OB AT B 45, 198 A i
. P23 50%. 'TH NMR (DMSO-ds, 400 MHz) &: 9.47 (s,
2H, -CHO), 7.47 (d, J=4.0 Hz, 2H, -CH-), 6.60 (d, J=3.5
Hz, 2H, -CH-), 1.66 (s, 6H, -CH3).

422 FH¥# Schiff #& K 3R Cg A= Cg b9 4Rk

7] 250 mL = FEH N R Tk —f Ag (296 mg,
1 mmol). FifA % B (232 mg, | mmol). FEZ¥A 100
mL, #IE TR 3 d, KIERIRAES B ik, BAS
FEENTEEA[VCA TR ) V(LR LER)=5/1], WEEEE A,
VR ZE VPR 2V 0, 193 B A RIR Cr, T, FREH
200 mg, 7% 41%. 'H NMR (DMSO-ds, 400 MHz) o
8.25 (s, 1H, -CH=N), 8.00 (d, J=8.0 Hz, 1H, Ar-H), 7.61
(d, J=8.4 Hz, 1H, Ar-H), 7.24 (d, J=7.4, 1H, Ar-H), 7.20
(t, J=7.4, 1H, Ar-H), 7.09 (d, J=9.2 Hz, 1H, Ar-H), 6.98
(d, J=3.2 Hz, 1H, Fu-H), 6.91 (t, J=7.6 Hz, 1H, Ar-H),
6.85 (d, J=3.2 Hz, 1H, Fu-H), 6.60 (d, J/=3.2 Hz, 1H,
Fu-H), 6.55 (d, J=8.0 Hz, 1H, Ar-H), 6.50 (d, J=3.6 Hz,
1H, Fu-H), 6.42 (t, J=3.6 Hz, 1H, Ar-H), 4.96 (d, J=9.2
Hz, 1H, -NH-), 4.68 (t, J=6.8 Hz, 1H, Chiral-H), 4.42 (t,
J=8.5 Hz, 1H, Chiral-H), 2.37 (t, J=5.8 Hz, 1H, -CH,-),
2.24 (t, J=6.4 Hz, 1H, -CH,-), 1.90 (t, J=6.2 Hz, 1H,
-CHy-), 1.74~1.57 (m, 10H, -CH,-, -CH3), 1.60 (t, J=7.6
Hz, 1H, -CH,). *C NMR (DMSO-ds, 100 MHz) §: 163.79,
161.55, 150.81, 145.22, 143.94, 143.17, 143.09, 140.26,
134.05, 133.33, 127.90, 122.74, 122.35, 120.86, 116.30,
115.82, 114.75, 112.96, 112.05, 111.17, 106.74, 105.49,
60.63, 52.35, 38.36, 32.38, 31.51, 27.85, 26.77, 25.99,
24.57. Anal. calcd for Cs;3H3sN4Os3: C 74.13, H 6.41, N
10.47; found C 72.25, H 6.38, N 9.81. FABMS m/z: 491.24
[Cr+H]".

B T4 1R2R-N,N-(2-FF 2K H) - O i Ap#t
18,2S-N,N'-(2- 2 F= 2R 38 - 3 O )iz AsHb, Cs & 7
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o F 5 R

JOd RS CrAHZEEL, 773 40%. 'TH NMR (DMSO-ds, 400
MHz) 6: 8.25 (s, 1H, -CH=N), 7.99 (d, J=8.0 Hz, 1H,
Ar-H), 7.61 (d, J=8.3 Hz, 1H, Ar-H), 7.22 (t, J=7.2, 2H,
Ar-H), 7.17 (t, J=7.1, 1H, Ar-H), 7.09 (d, J=9.0 Hz, 1H,
Ar-H), 6.99 (d, J=3.1 Hz, 1H, Fu-H), 6.91 (t, J=7.5 Hz,
1H, Ar-H), 6.85 (d, J=3.3 Hz, 1H, Fu-H), 6.61 (d, J=3.3
Hz, 1H, Fu-H), 6.55 (d, J=8.0 Hz, 1H, Ar-H), 6.51 (d, J=
3.5 Hz, 1H, Fu-H), 6.41 (t, J=3.5 Hz, 1H, Ar-H), 4.96 (d,
J=9.1 Hz, 1H, -NH-), 4.64 (t, J=6.7 Hz, 1H, Chiral-H ),
439 (t, J=8.6 Hz, 1H, Chiral-H), 2.38 (t, J=5.8,Hz, 1H,
-CH»-), 2.24 (t, J=6.3 Hz, 1H, -CH,-), 1.91 (t, J=6.1 Hz,
1H, -CH,-), 1.74~1.56 (m, 10H, -CH,-, -CH3), 1.56 (t,
J=7.4 Hz, 1H, -CH>-). 3C NMR (DMSO-ds, 100 MHz)
163.81, 161.57, 150.73, 145.20, 143.82, 143.09, 142.88,
140.41, 134.04, 133.28, 127.90, 122.80, 122.42, 120.81,
116.44, 115.83, 114.81, 113.02, 112.09, 111.16, 106.81,
105.56, 60.62, 52.32, 38.37, 32.30, 31.49, 27.89, 26.75,
25.98, 24.56. Anal. calcd for C33H34N4O5: C 74.13, H 6.41,
N 10.47; found C 72.00, H 6.37, N 9.80. FABMS m/z:
491.24 [Cs+H]".

3 MFRELE R Cr Cs % H 50 mg ¥ A#T 30 mL
BE, 7 d e HIES X2k s S AT E i B
FEAR di .

4.3 ESMRIEFN CD HKIERINE

KI Cp MRV AIECH]: DL BT, R
CrIEHI % 1.00X 107 mol/L i %, FEL 2 mL T 10
mL ZER, F R EZIE, IR B IE R R
HEFREAEE, FiE FE 200~500 nm 5 [F P id 5% H
R Hh-—n] WSO B (R AR S L),

FIRN, 2 HIFEE 2 mL 3K EE A 1.00X 104 mol/L [
KR Cr VAW, NN F % 10 mL R &, 250
WPEN 2.00X 107 mol/L AS[FERFR ) D-75 5 % H i i
W, DA E 2%, 19 B0UR B RIS N 1) R 5 R SR &
D-Pen/Cy IR B LL N 0~3. FE LU R 7 72 1 i)
L-T &S5RI Cr MRV NAR R, R ILF
15, 7E 200~500 nm & [ P 47 UV-Vis F1 CD St 4
. K Cs 5 L-F5M. D-T5 5 M AV 1) K ik
J7i%5 CrAHISAL

BE—25 R Job 10} RARELAL LU TR, BPLA
FEEE N, A BRI BESA8 1.00 X 107* mol/L K3
T B () R TR E R R [ 5 A C A S B Ak R
o R )RR E N 4.00X 1075 mol/L HIZ&MET, Aokl &
FIKIN Crfl D-BHF M. L-F8&. K¥F Cs Ml D-FH5 %
& L-E B RRE AR R R, fFRIERIAR
NPT, R R AR R IR,
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