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Construction and Enantiorecognition Property of Red Emission
Chiral Probes Based on Triphenylamine
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(AIE Research Center, College of Chemistry and Material Engineering
Baoji University of Arts and Sciences, Baoji 721013, China)

Abstract The enantiomers show similar physical and chemical properties, while optical, biochemical, and
pharmacological activities are often different. Therefore, it is important to selective recognition of one enantiomer
from the other. In this work, a pair of chiral cyclic compounds based on triphenylamine, 1, 2-dicyanoethylene, and
optically pure 1, 2-cyclohexanediamine were synthesized. These probes were verified by the means of nuclear
magnetic resonance (NMR) , high resolution mass spectroscopies (HRMS) , and single crystal X-ray diffraction
(XRD). Then, the photophysical properties of the probes were investigated. The results indicated that the probes
show red emission (622 nm) with high quantum yield (QY up to 35.2%) in the crystal states. The photophysical
properties exhibited that the probes are typically aggregation-induced emission compounds. Further, the probes show

satisfactory enantiorecognition property, the fluorescence intensity ratio of the complexes were 14.2 to R-/S-1,
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2-diaminocyclohexane and 4.28 to R-/S-1, 2, 3, 4-tetrahydronaphthalen-2-amine. This work not only enriches the

variety of AlE-type cyclic compounds but also extends the emission wavelength of chiral probes. The obtained
compound can serve as a simple and convenient measurement tool for enantioselectively recognizing racemic
compounds.
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Fluorescent probe
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FoTFWNisshZ R, ERESHEZ D6, LTI, Zheng 22V Uk ALE 5 PR 504
G5, TR T —FRHN S5 B FEDOCIREr, FE 2l i O 22 S S0 3 T X TR . TR
XFBREPEPETRA] . TR, AR 22 R T BT A IS AU ZE 204 (Tetraphenylethylene, TPE) %) ATE
RUFPEmE e/ e, SEB T R TPERR A v R O B Bt U] . Ak, S20RR TR T T
PEPR ol — 2 e B T TR AR, T AIE T SOLIRE U T — 2 kR,
{RIZB AL TR, T AR IE DO RO F A T (s (4 X, AL a5k M
P TP DL AR TE , IR EA FRIR SR (21 AT PO e i & s /b

LTI, ASSCLARE 2 15 A IR 2 78 = 8 j% (Triphenylamine, TPA) A28 6#, LU T M i M T
TR, G F AT R TR, M T — X B LA OGRS TV E (1R, 2R)-2TPA-2CN
FI(1S,28)-2TPA-2CN % B HA WA (1 ATE 35V, ROGIHAK AL T 622 nm, 7ERIZE (1S, 25)-2TPA-
2CN Byt R 53K 35. 2%, FFXT IR R AN S ZE i Rt R 47 A X e B ORI PR BE L U
Je T TE B2 A R 9 G5 LA A F 14. 20 f5F0 4. 28 4% . % FEDOCIRE I R AR & T e
T RICIAS, TR BB R AL T8 AT HE .

1 SEIGESH

1.1 XFE5XEE

ToKERIREE . AW L (DCM) | At (PE) . LR LBR(EA) . HEEE(MeOH) . Jo/K LEE(EIOH) . =
AWM BE(CHCL) L 1,2- 5 L%E(DCE) . N, N-—H I BE (DMF) | = S5 8% (POCL,) | 4-BK i
T, PN | R | 4-RUT RIS | BERRAE | BRIR R AR ERAN , M A, L LA AT IR ] T
CBE(AE99.5%), (1S,25)-(+)-1,2-3/ 2 —HZ(1S,2S-CHDA) FI(1R,2R)-(-)-1,2-3/ 2 " j%Z (1R, 2R-
CHDA) (A 97%) , R-(-)-1,2,3,4-WUA-1-Z8/% [ R-(-)-1,2,3,4-THNA, 46J% 98% | F1S-(+)-1,2,3,4-
PUS-1-Z8/E[S-(+)-1,2,3,4-THNA, 4l 98% ], 54L& (CDCL) FIRALEE 99. 8%+0. 03% (AT 43-451)
TMS, LM A 2A AT R R B0 T SRR DU SR £ , 3 brali, igerF B 2R e A B A vl 5 vk
BR, sr#irali, B e ke LRI A |l Sk, RORFERER (HCD) , Zrtirati, PUvE PR A PR vl ;5 6
K, MR AR AT R A H]

Agilent-400 MHz BURZREILIRPTEAN , 52 EZHEAR A ] 5 LC-20/AB4600 Y 5 43 HHBOFH €633~ ot 1 2
1%, 3£ AB SCIEX A H] ; XtaLAB PROI 7 X SR B R AIT Y, HASBE2: RIGAKU; C11347 B2} PL &
TR (QY), HA Hamamatsu 23 7] 5 Ti-E BN &5 0 BB, HASJEBEAGERA FRAH 5 T 9S 7Y
AN, AR () A F] 5 RF-5301PC RIFSRAS-BES DY, B () A Fl 5 SUSO1 A
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1.2 LIgEiE
A& (1R, 2R)-2TPA-2CN FI(1S,28)-2TPA-2CN B4 B 2R U Scheme 1 F75S .
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Scheme 1 Synthetic routes of (1R,R)/(1S,25)-2TPA-2CN

12,1 WAEW2H 6 & 7E250 mL = 1 BJREH I 4-1R7K 2N (5. 00 g, 25. 50 mmol) FwHE T,
TERSUR FFEIR 278 °C, In AL T (6. 47 g, 25. 50 mmol ) F1 100 mL Z B, $4+E 20 min; 5 H 4
(2.89 g, 53.55 mmol ) F 20 mL H i, BRI AR iR R b, F-78 “CRN 30 min f5 ¥ 4& 2 T+
MBI, RNER. RN, ¥ AT, A 75 mL B30k 3% s EhRme AL, i, uEmt
R 258 FoK L B 0 BOR 5% Y FE VB IR B RN 25 5 1K ik, AR NEDE, I =& W e/ LR A
WA TESS M, 15507, 48 ¢ HEEPIRIEG I 2, IEN 76%.
122 fAWSH AR 78250 mL W H BELR AR | BEIRAE(0. 6 g, 2. 67 mmol) | kFRE
(13.12 g, 40. 27 mmol ) 1 =K T Lk PU SRR £6 (2. 34 ¢, 8. 07 mmol) , 7ERARY F A 150 mL
7 R (5. 12 mL, 53. 71 mmol) Fl 4-U T IR FE(10. 49 mL, 59. 07 mmol)J&, T 110 ‘C/ I 12 h. fF)%
r_i%ﬁé, BRI, KRN, HH ZE P BEAEI (50 mLx3), &A P, FJK MgSO, T4,
g, WCHENER , SR 2T 8 CAmiE R i s Al ) Fe e 28 & 5, 15509, 92 ¢ 2T iR 5915, ek
9 82%.
123 a6tttk HibEW2(3.78 ¢, 9.79 mmol) . tLEH 5(5.52 g, 24. 48 mmol) | Fits iR 4
(0.22 g, 0.98 mmol) . FRARHE(11. 16 g, 34.27 mmol) . =KL T LR VU AR EE (0. 85 g, 2. 94 mmol) FI
WEBEFEF A 100 mL BUH B SR, ZEA IR T AA S0 mL 2R, F 110 “CR 12 he FF RN 5¢
B KPR O A e B (50 mLx3) , &AM, FITEK MeSO, T4, g, 241207
2 A R CERARFEE 2000 1) £33 5. 30 g £ PR IO AL 59 6, WK 80%. 'H NMR (400 MHz,
CDCl,), &: 7.67(dd, J=9.1, 2.6 Hz, 4H), 7.33(1d, J=8.6, 1.8 Hz, 8H), 7.22~7.16(m, 4H), 7. 16~
7.11(m, 2H), 7.09(dd, J=8.7, 2.3 Hz, 4H), 7.03(dd, J=9.1, 2.5 Hz, 4H), 1.34(d, J=2.3 Hz,
18H) ; “C NMR (100 MHz, CDCl,), &: 150.8, 148.1, 146.6, 143.7, 129.9, 129.7, 126.7, 126.0,
125.8, 124.7, 124.4, 120. 8, 120. 1, 118.0, 34.6, 31.6.
124 AT 0a K 1E25 mL XU BEJEGHTHIAAS Y 6(2.00 g, 2. 96 mmol) . 4. 8 mL N,N-—
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FREFBERZ AT 6 mL 1,2- 502 %¢, VK 10 min, HEPE T ZRMA =S W (2. 7 mL, 29. 6 mmol) , %5
FHEZ90 °C, O 12 h. RE5eEe, W B EWE , KRR 100 mL 28Tk, KON, Bl
Ji A S BEAEIL(S50 mLx3) , BHA LA, FIJEK MeSO, T4, Zuk4a FAt 2814 2 CAihit/ TR &
BEARFIEE 10: 1), 155 1. 31 g 2L A bR iE &9 7, %M 60%. 'H NMR (400 MHz, CDCL,), §: 9. 88
(s, 2H), 7.76(d, J=8.7 Hz, 8H), 7.40(d, J=8.6 Hz, 4H), 7.19(dd, J=8.8, 7.0 Hz, 8H), 7.10(d,
J=8.6 Hz, 4H), 1.35(s, 18H); “C NMR (100 MHz, CDCL,), &: 190. 6, 152.3, 149.7, 149.6, 142.7,
131.5, 131.0, 130.2, 127.2, 126.7, 126.7, 123.4, 122.2, 122.1, 117. 4, 34.8, 31.5.

125 {4 4 (1R,2R)-2TPA-2CN B & & B £ #1 R AE  7E 50 mL R GE hIm AR+ (k&7
(0.20 g, 0.27 mmol) . (1R,2R)-(-)-1,2-C (0. 03 g, 0. 27 mmol) . 30 mL JC/K L 3K LR,
F80 CI I 48 h. FF/VSE5E, WHIZEZ M, Mk, eV BRI 3K, 15810, 03 g 21 M AR [ 4
A (1R, 2R)-2TPA-2CN, 34 12%. 'H NMR (400 MHz, CDCL,), 6: 7. 88(s, 2H), 7.31(d, J=8.4
Hz, 4H), 7.28(d, J=9.8 Hz, 4H), 7.23(d, J=8.7 Hz, 4H), 6.99~6. 88(m, 12H), 3.22(d, J=8. 6 Hz,
2H), 2.04(d, J=9.0 Hz, 2H), 1.89(s, 4H), 1.50(s, 2H), 1.31(s, 18H) ; HRMS(C;H N, TTHAH) ,
m/z: 811.4483(811.4483)[M+H |*.

1.2.6 {44 (1S,25)-2TPA-2CN #y & & B 4 M R AE  F#ghidk+ . tb5 4 7(0.20 g, 0.27 mmol) .
(18,28)-(+)-1,2-#A & —J1%(0. 03 g, 0.27 mmol) . 30 mL JC/K Z A 3T VK ZFR A 50 mL BG4,
THR 2 80 “CIUW 48 h. FE N Ao , B S A 2 =5, fliik, e B ks, 4959 0. 03 g 210
WAL Y (1S,25)-2TPA-2CN, WK 12%. 'H NMR (400 MHz, CDCL,), &: 7.88(s, 2H), 7.31(d,
J=8.4 Hz, 4H), 7.28(d, J=9.8 Hz, 4H), 7.23(d, J=8.8 Hz, 4H), 6.97~6.90(m, 12H), 3.22(d, J=
9.6 Hz, 2H), 2.04(d, J=8.0 Hz, 2H), 1.89(s, 4H), 1.50(s, 2H), 1. 31(s, 18H); HRMS(C,H:;N, i1
BAE), m/z: 811.4485(811.4483)[M+H J*.

2 HRSHE

2.1 B EUHNERS SR

(1R,2R)-(-)/(1S,25)-(+)-1,2-CHDA 73 5| 5651 THEVK SRR HEAL T A AR 465 Tvs, 3 il 3R
2 Fer o F b A (1R, R)-2TPA-2CN F1(1S,S)-2TPA-2CN, 2 F k& 37 — G0 b S — & H e
A — BN, AL EAPE RN R, WEEM R OB e . 8 R g e 54
(1R,2R)-2TPA-2CN FI(1S,2S)-2TPA-2CN #47 T Z5#RAE . PAC(IR,2R)-2TPA-2CN i, S5465417H
o, 59. 88 Zb M ELA TN 2, 6 7. 88 AL MG HC=N {5516 .y T 3RO e A0 AR e o~ e
Kt £57F 6 3. 22~1. 50 (A5 5@ AR O e ERBERE A, 6 1. 31 A fE S I )@ iU T LA . gt
PR AN B AR S 2T SN RAE 25 R0, b S W PR B T LIk A1 (i 4 41 sh 4457 F 2210 em™
Ab). P YA R IR I R AT TS ] | 1 43 R AR FE A4 2 T AP A5l DA SO 5 B ]
S1~S9.
22 WEMRBEFT

it UE A A WSS R E R S, AR b H R R R RS R S (1R, 2R)-2TPA-
2CN Ai1(1S,25)-2TPA-2CN [ . (CCDC 54351 2463358 F112463375) , K X A7 5 v He b 4 1k
FifddT (1, ERANfE BOA SO HEF B S, mE UV ATAL, 2 FHAb A9 b X307 1 4 2R3
BT —ANPUTE AR, (1R, 2R)-2TPA-2CN 43 FRO6 6, 2R B 214 I 2 fre 2 43 3104 0. 395 F10. 429 nm, Tfif
(18,28)-2TPA-2CN HF1{#1°4 0. 430 F10. 394 nm. 2> FFR I fEAE KR i 4TIl &4, 4n(1R,2R)-2TPA-
2CN PR B B 43 501 0. 309, 0. 326 F110. 299 nm, (1S,28)-2TPA-2CN H #4351 4 0. 309, 0. 325 Fil
0.299 nm. HAb, 53FRISFEAE C—H---m AHEAEH, WI(1R,2R)-2TPA-2CN H1 (1) C—H- -7 S 73 51
0.274 F10. 282 nm, (1S,28)-2TPA-2CN H1 {54354 0. 303 F10. 293 nm. LA FAEF 1 119K TG4
BRI L.
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Fig.1 Crystallographic data of (1R,2R)-2TPA-2CN(A, C) and (15,25)-2TPA-2CN(B, D)
(A, B) Top view; (C, D) side view.

23 WHRUEWHFHERAIEFNE

R I B S AR L AT A W AT ATEVERE, M IRIIE (1R, 2R)-2TPA-2CN F1(1S,25)-2TPA-2CN
S AR, B T 2R S B AN AR 2(A) B . ATOL, 2 RS e
CH,CL 751 FE 30 AR AL 4 22 AR IS UG | 43 SIIAEE 338 1457 nm &b 22 B0 L v 4580 3 () 8 A i e, X 3
BRM T TRAET m-a WE M TN AT TS B EobSE R 2(8) 1a WL, #5575
7F 358 11440 nm Ab 2 30 H B B THEE S, IF B2 R B A 00 00 T 05 5 52 I R A7 I B A 0 ik o6

F, Uiz TORE TR AL

~(A) ——(15,28)-2TPA-2CN 30+-(B) ——(15,25)-2TPA-2CN
——(1R,2R)-2TPA-2CN ——(1R,2R)-2TPA-2CN
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Fig.2 Absorption spectra(A) and CD spectra(B) of (1R,2R)-2TPA-2CN and (1S5,25)-2TPA-2CN in CH,Cl,
(A) ¢=10 pmol/L; (B) ¢=5%10"* mol/L.

PL457 nm WU 2 R & W) iErT 100G, 45 R8T EI3(A)FME3(C). I, 25
R AL S IR CHLCL I P s , X AT RS2 th T T N RN R AR R 8, ik S Re id g Ak
RSP Dy A RIS . A H R BGR B 20% it FE v, R nm B i , X vl B i TR AR
THLH T AT R R . T B B RR M EGR B 80% AT, VAR Y At LT ek, X AT RE
1T CH,CL BB 58 i A 5, B Oh B0 RIS A= . I i i (AR 40-80% )5, 2 Fif
P W 04 25 D' 2 T P IR B3 B 364 I i 2 4 e, IR R TS RV B B, (1R, 2R) -
2TPA-2CN F1(1S,2S)-2TPA-2CN A REAR b i it TR B9 h , 2 7+ R AR, REUr T Nis 8%
B, U A e i H BRI STy U Rl BB Sy SO B O 0K 2 ol A5 DY 5 i P e
BIME B, I T AFE R EARRIECT , B YI7E 622 nm Ab A5G 5R HE Rl T AR 0 L 1k
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FRLAEE, 5 anE 3(B) A 3(D) s, AL, 4 HEE S AT 80% B, e BARABAE /)N 5 T 224 FH st o5 i
It 80% J5i , Bt B H ARG . & 3(B)4 & R (1R, 2R)-2TPA-2CN S iARTE B & 5O B
FISEI R B, AT DLz S e S AS N A BZE LT (5. Ah, TE T 2OEIREN DB g,
KIL(1S,28)-2TPA-2CN TEE IR H IO G T80 6. 1%, TERESN N 27. 8%, fhASHT 8 35.2%, LA
EERULE, PRS2 R A R HAT R ) ATE 5

20-(A) 7N fMeOH%%): 2 (B) °
/N
f'; I"‘\ 10 4r f
/ 20
5 151 / \\ 30
& / \ 40 3F
2 / \\ 28 =
2 10t / . i g 3}
E / \ —90
a0 / \—95 1r
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/ b 0 ks
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Fig.3 Fluorescence spectra of compounds(1R,2R)-2TPA-2CN and (15,25)-2TPA-2CN at different
MeOH volume fractions(f}.on) (A, C) and the ratio of their fluorescence intensity(7) at 622 nm
to I, in pure CH,Cl,(B, D)(A,=457 nm)
Slit: 20 nm; 20 nm, concentration: 10 pmol/L; (B) insert: image of (1R,2R)-2TPA-2CN on fluorescent inverted
microscope.
24 Bt FHIRBIMERE
B UE R A A YRS B TSI AR, LL(IR, 2R)-2TPA-2CN RSx4, #H & T &
Eerh, 2 AmA 2 B P e Is , B B s, D o tem 8L .l 4 Fk 1 nl L, 7E

250 H(A)—(1529-2TPA-2CN 30 |(B) —(1S29)2TPA-2CN © =
— (IR2R}2TPA2CN+{(1R2R)-1,2-CHDA (IR2R)-2TPA-2CN+R)-()-1,2.3 A-THNA
— (1525)2TPA-2ONH1S25)(+)-1 2-CHDA g5l (IS29-2PAICNHS(H1 234 THNA 400}
200} P NH, | . NH; :
. AN L D | i
\ : | S 20} 300
S 150} PoA = [\ O it
R / \ I/Is=14.20 g 15+ / 27
5 / \ 5 ‘ ‘ I/I=428 | & 200
2 100} / \ £ E
o / N\ o 10r i :
a / N A~ & L
5o / i sl ~ 100
4 \-\ pé g _,_’;;:,
0 it L L L S 0 == - L A‘n\ﬁ 0k ! ® L L L
500 550 600 650 700 750 500 550 600 650 700 750 0 02 04 06 08 1.0
A/mm A/mm [(1S,25)-2TPA-2CNJ[(1R,2R)~(-)-1,2-diamino cyclohexane

Fig. 4 Fluorescence spectra of compound(1S,25)-2TPA-2CN after adding(1R,2R)/(1S,2S5)-1,2-diaminocyclo-
hexane(A) and R/S-1,2,3,4-tetrahydronaphthalen-2-amine(B), and the Job’s plot examined(1S,2S)-
2TPA-2CN and (1R,2R)-(-)-1,2-diamino cyclohexane in CH,Cl, and MeOH mixture(C)

(A)fMeOHZSS- 6%, ¢=8.89x107 mol/L; (B)-f,\’le()l—l:37' 5%, ¢=8.93%107 mol/L; A =457 nm, slit: 20 nm; 20 nm; (C)
Sueon=35- 6%, [(18,25)-2TPA-2CN J+[ (1R,2R)-(-)-1,2-diamino cyclohexane ]=1. 778107 mol/L, A =457 nm, slit:
20 nm; 20 nm.
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Table 1 Enantioselectivity(Z,/I) of (15,2S)-2TPA-2CN resulted from two enantiomers

Entry Analyte L/ State” Solvent
NH,
1 CHDA @[ 14.20 Sus/sol 8.89%10° mol/L in MeOH/DCM (volume ratio 1.25:1)
NH,
NH:

2 THNA 4.28 Sol/sol 8.93%107° mol/L in MeOH/DCM (volume ratio 1:1.67)

“Abbreviations: Sus, suspension; Sol, solution.

TRE TR (IR, 2R) - C R 5 s T il VT TR s il [ 4 (A) |, TinA(1S,28)-3 2 —
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20 pum

Fig. 5 SEM images of (15,25)-2TPA-2CN(A, D), (15,25)-2TPA-2CN and (1R,2R)-CHDA complexe(B, E), and
(15,25)-2TPA-2CN and (15,25)-CHDA complexe(C, F) in the CH,Cl,/MeOH system(f,.,,=55. 6%)
2.6 LAEH1S,25)-2TPA-2CN 5 CHDA iRHI{E A #HLHI 5%

HERFETE PO RPN TR R UM P, S0 E 1 PREHE AR DT B 000 5 (1R, 2R)/
(18,28)-IC ZJAE AR MR S0 5 AR . i 6 s, #4015 2 Mol ai i & — e
J&  TREH T IR BRI IR S0 A H A R B AR, AT 6 7. 88 YR L 6 7. 24~7. 32
16 6. 97~6. 90 AbEYTFFINA L2 8 3. 23 ALHYFFCLREFPR . 1T Hh BLUA EAR HAR L, AN T8 8. 31,
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Fig. 6 'H NMR spectra of the mixture of (15,25)-2TPA-2CN and (1R,2R)-(-)-1,2-CHDA(A), the mixture of
(1S5,285)-2TPA-2CN and (18,25)-(+)-1,2-CHDA(B), (18, 25)-2TPA-2CN(C), (1R,2R)-(-)-1,2-CHDA(D)
and (15,25)-(+)-1,2-CHDA(E) in CDCl,
3 & i
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LORRIL, Pl g 00 FAEDOCIRET ] LLSEBUN 2 3 RS Mg ma L, Kb #8755 (1R, 2R) -3
A S YIRS GRS (18, 28) -3 2 B A SR 14. 2015 , K575 R-DI S
AT DR 5 S- DU R ZE A B T I 4.28 15 . A SCHIZE RN & T FEALE BIOEH
FHAOMIE, T HAE R T PSR M ROERIS, B R TR SO LR AR SR AL T — Rl nl BE .
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