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1. ARBEH

BEHES FINDRDNTAFT BT E—I, A
WEHWEL 72— 0Ll CIREME Th D, AREA
TAF Ve T E—ZLD DT A OmHicEL L, 7
T E—T IR BINDENT- BN S EAFET DA,
WK RO AEARIN CHE B E 24D T = O SRR
HRAIEEZR LB 7 & — 3RS, —F, BIRS+04A
FRILEFTRIOI LD 5 O HPORERS DT TV 5y

T THHZEND, ETSNTWBEIE GO KERITITFT
WVIESERETh D, EIHEL, KNICBT DL E
P EOTdIE A4 FE G L TRAN LS L
THRY, 7=A4 X TV 7 & mERR R TED AL
U7 7 —A BT IR, IR ORI e A R
{ETED,
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P ZEE LUz, SRk 28 RO BIRIFSE T, HE
PEEHRIEE NIC X DT =4 X T T4 O [RIFHR H 2
ATz, W EER A H 32074 — Tk, AR
WA DYEFRMED R TRV R RE &7~ 7273, T
D7 2= VIR THL BT —E AL, NMRIEIZED
T =AU X TIT A DRRR A FEBLL T, Rk 29 R
DOHFFETIE, NMR JEICEDT =4 5TV T 4 DRI
HUZ DWW CREIZR ST A1 TO L L0 IT, IR TEE LA E
ALTEX TN AL TRIL 72— DA K, #IEEICE
LT =F X TV T4 DRRER IOV TRRET LT,

2. iRAE
2.1 EE-HAE

FEREER SRS (NMR) A7 ML OHIEIZIE, Bruker £8
DRX-500 (‘HNMR 500 MHz) & FH\ M7=, JITEDREBEEL
TiX, Erauadv b, T -ds, FlIZT AT VALK
U R-ds V2, '"H NMR (BT DNEE#EL, E/n
a7V L WA IXT R AT L Z(0.00 ppm) ,
TN ds EPATF N ANVEF LU Rads W25 A1ET &
R (2.05 ppm) EVAF L ALRFTR (2,50 ppm) ELT-,
HOIEART IV ORITEICIE, TASCO #HH FP-8300 43t
WREFZE RN, BT L7a~v T TT7 4 — D FEANC
1%, BB bR U7 L 60 N (BRIR, ok, 63-210
um) Z 7, RO RIKITZ O FFHODVEIEICHE
WRB LTIV, $TLE AL T EER (R R) -1-
3 1Lk 28 A EE DB RAFSE CRENL LT T IEICHE NGk
L7z,
2. 2 NMR 8

'H NMR %R\ 23T VAT L T HERIZE ST
T =4 DRI HONT, REMZREERFZLL T
29, (RR)-EA(Z7==/L7L-7)1(0.060 mmol, 31.2 mg)
%10 mL ARTZ TR AR, TN AEMRETINZ DT
ET6 mM D (RR)-1 7 RMARIE ORIE A) 2L 7=,
Fiz, T NBET T T F VT =T A(TBAM: 0.060
mmol, 23.6 mg) & 10 mL AA7 T A2 AN, T Eh ZHE
BETINZAZLET 6 mM D TBAM 7R M5 (741 B)
AL, A2, 3 mL Yo USSR A (1.0 mL) &
Wi B(0.50 mL) Z AR~y CESTINATZ, 7R
ZIE TR ELIZ%, TR -ds(0.60 mL) ZAAE~yk
TS TR, Vo7 Vo (R,R)-1 & TBAM 2358

ENIRIRUT-1%, W% 5 mmg NMR :EHE I LR,
'HNMR ATV ZRIELT,
2. 3 NMREIZKDEETEHDAIE

NMR EIZEDFTAEATL T8RS TBAM &0
DETERARDDLFIEIZHONT, REHREREIZLLT
\Zie 9, (RR)-EA(Z7==/L'71L-7)1(0.030 mmol, 15.6
mg) % 5 mL ARTZTAUNI AN, JaaiVi-d AR E
TIZHZET6mM D (R,R) -1 7arrs/b-d TR (FAK
A) ZFRBL 7=, £7=, TBAM(0.36 mmol, 141.7 mg) % 1.5
mL ART A AL, EHE A (1.25 mL) ZAAE Xy T
BoTMATZ%, 7aadilbed ZERETNZAHZET,
5 mM @ (R,R)-1 & 250 mM D TBAM LD/ araik/L-d
B (R B) A Bd L 72, IRIC, ¥R A (0.50 mL) &/ mm
BV 2-d(0.10 mL) % 5 mmg NMR iREHE HCIRAL, 5
mM @ (R,R) -1 77Rs/V I-d VIR (iR C) & 3L 7=,
Wi C @ "H NMR A~Z7NVERIELI-%, IR B %
1.2 uL A TH—7e iR E LT, 'TH NMR AT MLAH
ELTz, SHIZ, W B % 1.3 ul, 1.2 uL, 1.3 uL, 1.2 uL,
1.3 pLx8§, 2.8 uL, 3.3 pL, 3.4 uLx3, 3.5 uL, 3.6 pL, 15
uLx2, 88 uL, 120 pL, 151 pL, 200 puL $F2H1x T H
NMR A7 MVERIEL, ZENOREIZEITS (RR)
-1 \ZHRT 23 7 F DA FL 7 MEDZEAL (AS) %3k
T2o BN HIE T — 22K, Matlab % VW CIERRIE
FEUF ST EFTHIZET, (RR)-1 & TBAM 75 1:1 2A1K
AR T DBEOEETER Ky BEO 1.2 2EEPERT
DERDEZETER K 2R,
2.4 BAMFIIERILTICHTEIT AV FHME

(RR)-EA (L =L 72t L7 7)4(0.010 mmol,
11.6 mg) % 10 mL AA7F A AN, ZHr7R/L LA TR
FTMZHZET 1 mM D (R,R) -4 70 /V WIRHE (VAT
A)ZFRBLL7-, F£77, 10 mL ARXT7TAIERIE A0.10
mL) Z AAE Ly N CES TR 714, Z7unakL L 1E
FTMAHZET, 10 uM D (R,R) -4 a7 )L IR (5
% B) Z 37, ¥IZ, TBAM (0.50 mmol, 196 mg) % 10
mL AATZZ A AN, K A(0.10 mL) ZAAE Sy T
Bo TN 7214, 7aak/L A EHRETINZAZLT, 10
uM @ (R,R)-4 &£ 50 mM O TBAM L7 kL LRk
(B C) ZaRfd LT,

10 mm A7 FEB VIR B (2.0 mL) &2 AAE Xy hCE-



TR, BHARTIVERE LTz, SHIZ, Bk C % 0.4
pL, 2.0 uL, 40 uL, 200 pL, 400 uL, 600 pL, 1,200 pL,
1,400 uL, 1,600 pL, 2,000 pL, 2,400 pL, 2,800 pL §°>
INZCTHEAATIVERIE LT,

3. EREER
3.1 NMRZEIZKDT=ZF 2 EXF) T4 DRIFKRH
3.1.1 REREEN T FILAHIZEZ58E
Rk 28 4R BIARAIFZECIE, FTNMRER (T ==L
7) (RR)-1 L7 UKD~ TNBET T T FNT o E=
7 A (DL-TBAM) ZE/LEE 0.5 1 1 TIRAL, Wi&HD 125
ERMNELIFET HEMTIBUN T, AR BE Stk 5 A3
TBAM DX PN T b Ol T A ~<—fTD
(b7 MEDZE (AASTE) NRENZEEIALNEL TS,
ZZT, (RR)-1X TBAM 3 E/LH 20 1 TIE(EL, 1:1 58
BUENTEERDEM CORERFZIToT, v T VR
DOIEFEH 2.5 mM, 5 mM, 10 mM, 15 mM, 20 mM D%
FEVARZ L, '"H NMR AXZMLERIELZEZA,
AASITZZEINZE L, 0.042 ppm, 0.041 ppm, 0.039 ppm,
0.040 ppm, 0.039 ppm &720, (FEA L ZEN RSN
72 (Figure 1), ZOZEND, 1225 ROTER H =)
FA =D T F NV GBEDRBNENTNDHZEN K
Fr&ihi=,
3.1. 2 RERBRIZEYDBELI-CTTILDRE

gk 28 AEREBNAAFZE IR, EA(Z==L 7L 7) (RR)
-1, EX (T ==V FFULT) (RR)-2, EA(FLTLT)
(R,R)-3%H\>, TBAM ®
ELLEDN0.5: 1, RIEAET \
TR -ds ELTZG A IO .

NH HN
T, RO TR ISR X=<NH HN>=><
BRI ERShD~r 7 ] R
AMERVUEDST T (R R Ko o
AR SR ThHLRELY, (RFS R=TsX=0

SRR 29 1Y, (RR)-1-3 & TBAM O/ 2: 1D
MBI ONRR) -1 & TBAM OF/LEEDN 0.5 1 1 TIABEA
iRV 2-d, DMSO-ds DEEIZOWT, Bl i=2 7
TILDIFEEITT,

FT, EAVLT (RR)-1-3 ZHRANyT-LL, =) F
A — IR 30% ee(R) & 30% ee(S) D TBAM & 2:1
DENETIRAL, TBAM OXUPAAL T vl D H
NMR 7 VB EE R L= A, WInoHE
HEHE DT/ 0.5 0 1 DG EFRERZ, S KM
NCBLISNDZ L3 557> 7- (Table 1), FAEICLT, E
(7= 7 ) (RR)-1 VY, 30% ee(R) & 30% ee
(S)™ TBAM & 0.5 : 1 OFENEETrZaaR/LAd,
DMSO-ds FTIRAL, 'H NMR A7 MVERIELT-EZ
A, ZHDOEAITH S KD TBAM MERES AN IS
7U7= (Table 2),

2.5 mM (AAS = 0.042 ppm)

N

5 mM (AAS = 0.041 ppm)

NN

10 mM (AAo = 0.039 ppm)

NH HN
/ L 1
Ph Ph /\ J \
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H OH
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Figure 1. Partial 'H NMR spectra (acetone-ds, 298 K) of the mixture of (R,R)-1 (2.5-20 mM) and DL-TBAM

[(R,R)-1/DL-TBAM = 2:1]



Table 1. Determination of the absolute configurations for the separated

"H NMR signals of TBAM using (R,R)-1-3 in acetone-d

H /G = 0.5:1 H/G =2:1
Host ee
AAS (ppm) AAS (ppm)
. U AN
30% (R) 0.061 0.041
(R,R)-1
30% (S) M A ow0se NS 0042
4380 475 470 5.00 495 490
6 (ppm) 8 (ppm)
R
__E\JRL_ Sl
30% (R) 0.035 0.014
(R,R)-2
30% (S) N 0034 _ M oo
AUARMA A 495 430 4385
6 (ppm) 8 (ppm)
s f R
30% (R) "\ 0.024 WM/ 0.054
(RR)-3
30% (S) ) o024 M 0.054

4.90 4385 4.30

o (ppm)

510 505 500
9 (ppm)

Table 2. Determination of the absolute configurations for the separated

"H NMR signals of TBAM using (R,R)-1 in different solvents

solvent ee H/G =O.5:1 H/G =2:1
AAS (ppm) AAS (ppm)
S AN
30% (R) NJ/\JL_,‘ 0.036 0.057
CDCl,
30% (S) A 0.035 A__,/\.‘J\”m 0.057
495 490 5.05 5.00 495
4 (ppm) 8 (ppm)
30% (R) 0.061 0.041
acetone-dg
30% (S) A 0.056 N e, 0,042
4.80 475 470 5.00 495 490
4 (ppm) o (ppm)
S R s R
30% (R) N 0.013 NN 0025
DMSO-d,
30% (S) M 002 . NAa__ ooz
4 (ppm) 5 (ppm)




3.1.3 XEEHDAIE

YRR 28 AR FEBNRRIFZEIZ I\ T, TR -ds FITRIT D
XTNVEATL T HER(RR)-1-3 £ (R)-BLO(S)
-TBAM EDORD 1:1 AR, 122 RAEWERFRCEITS
SETE K, K% NMR i EFEERICIDRDIZETA, W
F4H (R)-TBAM D573 (S)-TBAM L0 K, DAEDKE
<, KawlKas 1 1.30~1.81 Th-o7o, Fpk 29 A EE DAL T
ix, 7aadbb-d BN DMSO-ds FIZRBITAE R (7
==L T) (RR)-1 &(R)-BELU(S)-TBAM EDEE
TEE%Z NMR i E F2BRIZ LV kD 7= (Table 3)

RARYF (R,R) -1 DYtV Ia-d £771% DMSO-ds 15
(5 mM) (XL, [FEEDRAN G o7 ANy F
TBAM D¥E#Z FL, (R,R)-1 D 'H NMR 7 F /LD
bF T MEZBACA B L —T T 4T 4 T T 2T
72eZA, KX, 7uanaiiVi-d & DMSO-ds DEHLDY;
BLT BN ds EH WG G RV NE R EE 5T
( CDCl; : Kiz=5.7x10%, Ky=6.5x10" , K;5=9.8x10%,
K»s=5.9x10' , DMSO-ds : Kiz=9.7x10", Kyp=1.2x10",

Kis=1.0x10%, K»s=0.8x10") , E7z, 7B -ds HEFIERIZ,
K1 DIEIX(S)-1K, Ky DIEIXR)-EKD TFINKE -T2, 1E-
T, 7undbbed FCIE Kap/Kas 23 1.10 E/NSWZERT
Bh-ds FEDBAASEDS /NS ST ERD—DEE XD
N5, £72, DMSO-ds T CAASTE/ NS -T-DIE, Ky D
ERT 'R -ds FEOEFE L NS o2 EE 26
Do
3.1. 4 RERBENTFTILDEICERLSEE
Rk 28 AR EEBLRRAFZE TlX, 7h-ds i, EA (T ==
NTLT) (RR)-1 & TBAM ZE/VEE0.5: 1 TIRALES
HZEBW T, TBAM ORE%2.5~20 mM |2 EF-SH5E
W= T A= DT TNV BEAASIN NS TR B Tl
WEDNER ST, PR 29 4EE1E, (RR)-1 / TBAM =
05 : 1 OFRMOLE, WiEEZ7aakbd BEIO
DMSO-ds L L7-354 (Table 4) &, TRAN Y FHE A (T ==
NFFATLT) (RR)-2 BLOEA(MLTULT) (RR)-3
LU (Table 5) IZ W TR ZT -7,

Table 3. Association constants (K) obtained from NMR titration of (R,R)-1 with (R)- and (S)-TBAM in

acetone-ds, CDCls, and DMSO-d.

Solvent Guest Ky (M™) K, (M
acetone-ds (R)-TBAM (3.9+1.4)x10* (5.8+£0.9)x10!
(S)-TBAM (4.7+1.3)x10* (3.240.2)x10'

CDCl; (R)-TBAM 5.7x103 6.5x10!

(S)-TBAM 9.8x10° 5.9x10!

DMSO-dq (R)-TBAM 9.7x10! 1.2x10!

(S)-TBAM 1.0x102 0.8x10!

Table 4. Partial 'H NMR spectra (298 K) of the mixture of (R,R)-1 (2.5-20 mM) and DL-TBAM

[(R,R)-1/DL-TBAM = 0.5:1].

[TBAM] CDCl, acetone-dg DMSO-dg

AA6 (ppm) AAS (ppm) AAS (ppm)
2.5mM 0.031 — 0.068 0.008 —
5mM 0.033 —A— 0.063 0012 —M—
10mM 0.034 — 0.058 0.016 —M—
15mM 0.034 M — 0.056 0.018 —M_
20mM 0.034 ML __ 0.053 - o019 M

"H NMR at 298 K. (R,R)-1/pL.-TBAM = 0.5 : 1



Table 5. Partial 'H NMR spectra (298 K) of the mixture of (R,R)-1-3 (2.5-20 mM) and DL-TBAM in

acetone-ds [(R,R)-1/DL-TBAM = 0.5:1].

(R.R)-1 (R.R)-2 (R.R)-3
[TBAM] AAS (ppm) AA6 (ppm) AAJS (ppm)
2.5mM 0.068 0.037 —— 0.023 .
5mM 0.063 ~— 0.036 — 0.023 ~
10mM 0.058 ——— 0.034 — -\ 0.023 —
15mM 0.056 — 0.031 4 0.021 —H—
20mM 0053 1L 0.028 =t 0.020 M
"H NMR at 298 K in acetone-dj. (R,R)-1-3/DL-TBAM = 0.5 : 1
9, rrnRbb-d PRIV DMSO-ds TICHIT 2 O O
AASTELE, 5% 2.5~20 mM I EREESHLE, 0031~ \ o “Cts Cohs
0.034 ppm, 0.008~~0.019 ppm X BOLIARLIZ, DT DA \ OO
ED, TR -ds P OB D KR S T(R)-TBAM NN H BN
E(S)-TBAM EDEATERD N 7TV oy SR O=<NH HN>= °
(B Z & RS LS (Table 4) O O OGO OCO
—Ji, EA(Z==AFATLT) (RR)-2LE A (R LY CQ 'w ) )
LT) (RR)-3 ZEHADAS150037~0.028 ppm, ¢ ) ) (RRYS

0.023~0.020 ppm &7, TR -ds TTHIIETIL T D
IR TR ST B WO TAASIHEN K EL 2D &
537377 (Table 5)

PLED X, ABFFECIESFT7 L e AL T R E
W2 NMR EICEDT =4 257U T4 O RIE R 2>
WCRERIZ T 24T\, TR -ds FCEAR (T ==Ly
L7) (R,R)-1 75 TBAM & 12 BAKZTERLTHBZ,
T F AR TR ERIZENHDHZEN, 'TH NMR
ST FNDNERD BB EER 7o & R O
R,

3.2 AIAMEREFEALLFIILERILTELE
Ta—DERK

oRE 28 A FEBIRAIFIE Cl, BRI S L T
BRAE AL T LERADL 78K (RR) -4 ZE LT
D3, ARESARMED 72 60 BLBERS B R 870 2 L3R E 72 o
Too £ZT, TR 29 FEEBI ST ClE, XY 7T B
D 21L& NI AIVAMEE AL L CTF I VA G A LT
XINVERTL T HER(RR) -5 D&% A7 (Figure
2),

3.2. 1 28-OAFUINDRUYb,d75 (T) DERK

28-V 7 0TR[] 7T (6)E 1 mol%
PdCly(dppf)2*CH,Cl, @ THF ¥A#KIZ, 0 °C T 4.8 {f5E /L&

(RR)-4

Figure 2. Emissive bisurea derivatives (R,R)-4,5

DEACT TN~ 7 XD I (n-CsHisMgBr) N2, 2
IR C—BrIRE LT, SO E VBT N5 I
a7 44— (~FH) TR 228240, 2,8-2
ANF N TR [bd) T T (T) BIE T1% TR
(Scheme 1),
3.2.2 28-UAXVIITOARUYbAITF-4,6-CHIL
NILTER(8)DER
2,8-UNX NI R [bd| 7T (T) ~F o, 3
fEENED NNN' N-TRITAF )N ZF LTI eTF
NIFTBFLET, 40 3 IMBGETELIZ1%1Z, N,N-UAF
VANV LT IR% 0 °C Tl FLCEIRT—BftitrL 7=, 15
SR Z VAN TT DI~ T 5T 40— (D7
B AZ L) TR 50280, 2,8-TU~F i v~y
(b, d]7F 2 -4,6-2 T3V T ER (8) IR 47% TR
(Scheme 2),
3.2.3 URVYIFUREXFILOF—IL(S,S)-9 OF
EER
2,8-UNF NN [bd] T T -4,6-F TNV T B
R (8) XTI/ 14-TI )T )Va—LDFEE T, YoF L



figh LML= PR TP L7, SO AR
W VTN IT BT~ T TT p— (R
TF) SV rmanarAE L =2:1:1) THITHILT, I
VTG TG DA — )L (S8,8) -9 ZULER 46% THET-
(Scheme 3),
3.2.4 PELZILEEFITEHXIIERILT(RR)
S5 DERK

DR TTARIXRTG N AL (S,5)-9 LN T =L
RATZ 02D THF ¥&IRIZ, —20°C TT Y HVR U EET A
V7ue )V (DIAD), V7 ==L T VR (dppa) Z AR

Nz T-20°C T 24 KR L7, SOV AE %
VATNRT LI TT 44— (~F o HifgoTF v
Jvranrgo=5:1:1) TRHET LI, vy
TIRIXTNUT VR (RR) 10 EF3T-, 155172 (RR)
-10 OFEFETT WIEIRIZ 5%/ 3700 MRFEEINZ, KFHE
EHAAT ST 1%, BRTREEL, BE/a~hT77 1—
ETRR)-10 DKL= AR LI, USRA
LT ANAIL TAR DA T ET 52T, ¥
R TTMMET NPT (RR) -11 %457= (Scheme
4),

Br Br n-CgHi3MgBr (4.8 mol. amt.) 1-CgHqs n-CeH4z
PdCl5(dppf)2*CH,Cly (1 mol%)
0 THF, reflux, 6 h o
6 7 71%
Scheme 1. Synthesis of 2,8-dihexyldibenzo[b,d]furan (7)
1) n-BuLi (3.0 mol. amt.) -C<H -C<H
n-CgHy3 n-CgHi3 TMEDA (3.0 mol. amt) ¢ 13 et
O O hexane, reflux, 40 min O O
2) DMF (3.0 mol. amt.) 0
(0] 0°Ctort, ovn OHC CHO
7 8 47%

Scheme 2. Synthesis of 2,8-dihexyldibenzo[b,d]furan-4,6-dicarbaldehyde (8)

O HOL’NB\
FsC NPh

n-CeH13 n-CeHa3
+ Etzzn
OHC CHO (4.0 mol. amt.)
8

O i H n-CegHq3 n-CgHiz
CF3 O O
(20 mol%) ) /
toluene, t, ovn OH HO

(S,S)-9 46%
dllmeso=87:13

Scheme 3. Enantioselective synthesis of dibenzofuran-based chiral diol (S,S)-9

n
"CeH13 pph, (2.5 mol. amt.

DIAD (2.5 mol. amt.
dppa (2.5 mol. amt.

" THF, —20°C, 24 h

NN

Y-

(S,5)-9

Scheme 4. Synthesis of chiral diamine (R,R)-11



EL -V CBE12), NN TF ATy, 7=V
VEET VR (dppa) A CIRAL, 90 °C T2 B
AL 72%%, 7 (RR)-11 DOVAFH R ZINZ
T80 °C T 6 KB 7=, f5b Mk A ay 7 an
AR TP T HIEICEY, ¥TLEATLT (RR)-5 2 H
A EREL TUNER 77% TH7= (Scheme 5), L2>L, 71
EATLT (R,R) -5 1 TA IR T D EAMEL, &
HAEIZL DT =4 X TV T 4 D[RRI WD D1
N ThH o7,

3. 3 HMEKITKDBT=AEXT) T+ DRIBRE
3.3.1 EX3-(EL>-1-/IL)FTRELIILT(RR)
-4 DERK

AL 28 AEFEBIEAFZE TIX, BOBIEICE DT =4 &%
FVT 4 DRI HWAZEE HREL TER{3- (B
VAl A) T eEN T LT (RR) -4 DAERELITHTZDY,
(R,R)-4 DFERMNNEETH T2 LB HBEIRIT 6%E
Ko7, R 29 FEEB R TlIX, (RR) -4 DY)

"CeH1z

EEBIELTHEILZ, 4-(1-E'L = V)RR, NI =F LT
I, VT NVIET VR EDA T UH 90 °C T 1K
BB 7214, 71730 (RR)-11 DOVAH IR
Z/NZ T 80 °C T 6 WeHINEAL 7o, JE FH IR LT
BN HARD Y 7aa Az Lk EMZ T L=
%, BFEIEZ T TR B TR HA %,
vrauRrR o LA ) — )V THET HIE TIRIT MR
(R,R) -4 Z B KL L TILE 56% T, IHIZ, 78
ARV L AT A T T 528 T, BEEIER
35%7TC (R,R) -4 %15%7- (Scheme 6) ,
3.3. 2 ¥FIIWERILT(RR)-4 ZRWHALZEIZK
BXIINT AL DERH

FTNERTILT (RR)-4 DXTIVT =4 FRikAEA T
95728, 7 ANr1-ELT TBAM A\, Y 7amr¥
YHBIOrasL AT (R)-TBAM &(S)-TBAM %
FELTEBROa AT MV EA A | E LT (Figures 3
and 4) ,

"CeH1z

O O CeHia CoHi3
0 e Crs)
OH NH,  HoN \I O
dppa, EtsN (R,R)-11 NH HN
“ dioxane 90°C, 2h  dioxane 80 °C, 6 h o ='( )=0
g O~ O
g D 0
(R,R)-5

Scheme 5. Synthesis of chiral bisurea (R,R)-5
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Scheme 6. Synthesis of bis[3-(pyren-1-yl)propyl]urea (R,R)-4
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Figure 3. Fluorescence spectra of (R,R)-4 in the presence of variable amounts of (R)- and (S)-TBAM in CH,Cl,
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Figure 4. Fluorescence spectra of (R,R)-4 in the presence of variable amounts of (R)- and (S)-TBAM in CHCI3
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Summary

Many of currently marketed pharmaceuticals are chiral drugs that consist of one isomer of right- or
left-handed molecules. These are formulated as salts to improve the solubility and stability. For the detection of
such ionic compounds, organic molecules have advantages as artificial ion receptors over inorganic compounds in
terms of their low cost and toxicity. Although excellent organic artificial ion receptors have been developed for
cations, anion receptors are under development and hence the simultaneous detection of anions and chirality still
remains a challenging task. On the other hand, in 2016 fiscal year, we have created an original chiral
bisurea-type organic receptor that could realize the simultaneous detection of anion and chirality. In this study,
we analyzed this method in detail, synthesized a chiral bisurea type receptor with soluble substituents, and
examined the simultaneous detection of anion and chirality by fluorescence method.

Initially, the evaluation of the effect of complex concentration, the determination of separated signals by
complexation, and the measurement of association constants were carried out by using three chiral bisureas, i.e.,
bis(phenylurea), bis(phenylthiourea), and bis(tosylurea), and tetrabutylammonium mandelate (TBAM) as a model
substrate. As a result, it was revealed that the difference between the association constants of (R)-TBAM and
(S)-TBAM during the formation of 1:2 complexes should account for the reason why the signals of both
enantiomers of TBAM are well separated under the condition using 0.5 equivalents of bis(phenylurea) in
acetone-ds. On the other hand, chiral bisurea-based receptor with hexyl and pyrenyl groups as soluble and
fluorescent substituents, respectively, was synthesized to create a receptor that has high solubility in organic
solvents and can utilize highly sensitive fluorescence method. In addition, the chiral recognition of chiral anions
by fluorescence method was realized by using a chiral bisurea type fluorescent molecule having a pyrenylpropyl
group.

In summary, we revealed the mechanism of the simultaneous detection of anion and chirality by NMR
method using the chiral bisurea-based receptors, and achieved the recognition of chirality of anions by fluorescent

method using the fluorescent chiral anion receptor.



