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SUMMARY

D-amino acids are of biological significance yet are not clearly understood due to
the lack of powerful analytical tools for their identification. Thus, the specific
detection of a single enantiomer of a particular amino acid remains a great chal-
lenge due to their structural similarity. Here, we report a strategy to incorporate
multiple reaction sites on a chiral 1,1'-bi-2,2’-naphthol-based fluorescent probe. It
can respond specifically to D-arginine, while producing no response when in con-
tact with all other amino acids. The probe can report arginine’s concentration, and
enantiomeric configuration and colorimetric studies enable its qualitative deter-
mination.

INTRODUCTION

While L-amino acids have been found particularly important in many biofunctions (Maze et al., 2014;
Lemos et al., 2019, Murray, 2016; Chen et al., 2018), recent studies have discovered that the uncom-
mon D-amino acids also play important roles in biological systems, such as in memory and growth (Si-
evers et al., 2011; Sasabe et al., 2016; Garton et al., 2018; Dai et al., 2019; Beltran-Castillo et al., 2017;
Henneberger et al., 2010). So far, D-serine (Ser) is found to be an indicator for early-stage tumor
growth and to be important as a human neurotransmitter. An abnormality in levels of D-serine will
eventually lead to schizophrenia, amyotrophic lateral sclerosis, Alzheimer’s disease or Parkinson’s dis-
ease (Balu et al., 2013, 2014; Neame et al., 2019). D-aspartic acid (D-Asp) can promote the release of
prolactin and regulate the concentration of melatonin, and poor D-Asp availability may cause sexual
dysfunction (D'Aniello, 2007), while D-arginine (D-Arg) displays higher potency and broader toxicity
in terms of the number of bacterial species affected (Chen et al., 2021, Shmueli et al., 2019; Alvarez
et al., 2018). However, the understanding of the biofunction of D-amino acids remains unclear and
incomplete, mostly due to technical limitations of their detection. Thus, developing strategies to
detect D-amino acids is crucial. The differentiation between D- and L-amino acids is challenging as
they are related only enantiomers and so asymmetric tools must be established. Furthermore, specific
detection of a particular enantiomer of a single amino acid is even more difficult due to their structural
similarities.

The enantioselective detection of free amino acids has always been challenging. 1,1-Bi-2,2'-naphthol
(BINOL)-based probes are very enantioselective for free amino acids due to their easily accessible chiral
backbones and chemistry (Pu, 2004, 2017, 2020; Jo et al., 2014; Zhang et al., 2014). However, they typi-
cally respond to multiple analytes instead of one, meaning there is a lack of chemoselectivity. Meanwhile,
most of those probes require the use of stoichiometric quantities of zinc(ll) to form metal complexes and
have associated disadvantages such as detection time and interference by metals (Huang et al., 2014;
Zhu et al., 2019) (Scheme 1A and 1B). Previously, we reported a bisBINOL-based fluorescent sensor
that can selectively respond to Arg, but it doesn't exhibit decent enantioselectivity (Yu et al., 2022).
We believe that a new mechanism, much simplified experiments, and improved detection results can
be achieved when a more active reaction site is incorporated (Scheme 1C). Acrylates, which are good
electrophiles in Michael addition reactions and are applied broadly in polymer science (De et al.,
2009; Farley et al., 2015), represent good candidates.

In this work, we have incorporated an acrylate into a fluorescent probe and discovered that it responds only

to Arg both enantioselectively and chemoselectively, without the use of a metal ion to form complexes and
within the timescale of minutes.
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A Symmetric One Reaction Site (Huang et al., 2014)
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Scheme 1. General design of Arg-specific fluorescent probe

RESULTS AND DISCUSSION

Scheme 2 presents an efficient synthesis of the BINOL-based probe (5)-3. Treatment of (5)-BINOL with
excess MOMBr (MOM = CH3OCH,) in the presence of sodium hydride gave the diMOM-protected
BINOL (S)-4. Subsequent deprotonation with excess "Buli and formylation with DMF gave the
intermediate diformyl-diMOM-BINOL (S)-5 after acidic workup. The MOM protecting group was then
removed under acidic condition to give diformyl BINOL (S)-1. Reaction of (S5)-1 with acryloyl chloride
in the presence of the weak organic base diisopropylethylamine gave (S)-3 in 39% yield with a single acry-
late on one side of the BINOL ring. Formation of (5)-3 was evidenced by two singlet aldehyde protons at
6 = 10.18 and 10.20 ppm, one singlet for the hydroxyl naphthenol proton at 6 = 10.52 ppm, and three
vinylic protons of the acrylate group at 6 = 6.09 (dd, 1H, J = 17.3, 1.2 Hz), 5.92 (dd, 1H, J = 17.3,
10.4 Hz), and 5.66 (dd, 1H, J = 10.4, 1.3 Hz) ppm. No obvious fluorescence of (5)-3 was observed in
solution in DMSO.

The fluorescence response of (5)-3 toward both enantiomers of free amino acids was investigated using
DMSO as the solvent. A solution of (5)-3 (50 uL, 1.6 mM in DMSO) was allowed to interact with 6 equiv
of free amino acids (50 plL, 9.6 mM in water) in the presence of 300 uL DMSO to form homogeneous solu-
tion. The reaction mixture was allowed to stand at room temperature for 300 s (see Figures S1-S5), after
which it was diluted with DMSO (3.6 mL) and fluorescence measured. The final concentration of the probes
in the solutions was 2.0 x 107> M.

Figure 1 summarizes the fluorescence data where the peak intensity at A = 525 nm was compared. When
(5)-3 was treated with most amino acids as both of their enantiomers, only a very small fluorescence
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Scheme 2. Synthesis of the fluorescent probe (S)-3

enhancement was observed (See Figures S18-536). However, fluorescence at A = 525 nm was enhanced
greatly with D-Arg and its intensity was found to be 528% greater than that with L-Arginine (L-Arg). The
enantioselective factor [ef = (Ip-lo)/(I.-lp), where I, Ip, and Iy are the fluorescence intensity toward
L-amino acids, D-amino acids, and the probe itself, respectively] was calculated to be 487. Chemoselectiv-
ity was also observed so that the fluorescence response of (5)-3 toward D-Arg was much higher than for any
other amino acids as either enantiomer as shown in Figure 1A. Thus, probe (5)-3 responded only to D-Arg.

We then studied how (S)-3 would respond to L- and D-Arg by titrating with stock solutions of known con-
centration (see Figures S6-59). As shown in Figure 2A, the fluorescence intensity increased with increasing
Arg concentration up to 5 equiv L- or D-Arg at which the fluorescence enhancement was saturated. In the
range of 0 to 5 equiv of either enantiomer, a linear, first-order fit was applied and a value of R? > 0.99 was
found. The limit of detection (LOD) was thus determined to be 50 nM for D-Arg (LOD = 3*SD/k, where SD is
the standard deviation of the noise and kis the slope of the calibration curve). Analogous experiments were
then conducted under the same conditions using (R)-3, and the data, which are shown as Figures 2B and 2D,
show the inverse response with strong fluorescence enhancement in the presence of L-Arg. This confirms
that the observed differential fluorescent response of the sensor toward Arg enantiomers is due to chiral
discrimination.
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Figure 1. The fluorescence data where the peak intensity at A = 525 nm was compared

(A) Fluorescence intensity of (5)-3 (0.02 mM) with addition of L- or D-amino acids in DMSO.

(B) Fluorescence response of (5)-3 (0.02 mM) with addition of 6 equiv L- or D- amino acids in DMSO (containing 1.25%
DCM and 1.25% water). (Aem = 525 nm, Ao, = 360 nm, slit = 3.0/3.0 nm, t = 300 s).
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Figure 2. Chiral of sensor led to different fluorescent response of Arg enantiomers

(A) The fluorescence responses of (5)-3 toward various concentration of L- and D-Arg.

(B) The fluorescence responses of (R)-3 toward various concentration of L- and D-Arg.

(C) The fluorescence spectrum of (5)-3 in the presence of 6.0 equiv of L- or D-Arg.

(D) The fluorescence spectrum of (R)-3 in the presence of 6.0 equiv of L- or D-Arg. Solvent = DMSO (containing 1.25%
DCM and 1.25% water). (Aem = 525 nm, Aex = 360 nm, slit = 3.0/3.0 nm, t = 300 s).

With an Arg detection range of 5 to 400 uM, (S)-3 is then potentially useful for the measurement of Arg con-
centrations in biological systems such as human serum, where Arg is found to be around 70-100 uM (Méller
et al., 1979, 1983).

Next we studied the fluorescence response of Arg solutions at various different enantiomeric excesses
(ee = [D-LJ/[D + L]). As shown in Figure 3, the fluorescence responses of (5)-3 and (R)-3 exhibit a nearly
mirror-image relationship. In common with the studies illustrated in Figure 2, this ee study further confirms
the observed enantioselective recognition.

Surprisingly, we also found that Arg can be differentiated by the naked eye. Thus, upon addition of D-Arg,
the probe solution adopted a dark brown color, (see Figure 4A) while L-Arg caused the solution to turn light
brown. None of the other amino acids change the color significantly. This phenomenon indicated a quite
different mechanism of the reaction between probe (5)-3 with Arg. And we believe it's the strong UV-vis
absorption of 400-500 nm that leads to the orange-red color upon interaction with Arg.

UV-vis, NMR, and MS studies were carried out to provide insights into the mechanism (see Figures S10-
S17). Upon increasing concentration of D- and L-Arg, similar increase at 300 nm and 380 nm was observed.
The UV-vis data indicated similarity in the products’ conjugation with either D- or L-Arg (See Figure S10).
Kinetic NMR studies confirmed the fast reaction between the probes with Arg (see Figures S16 and S17).
Both enantiomers of Arg finished reactions with the probe within 60 s. The reaction between (5)-3 and

4 iScience 25, 104964, September 16, 2022



iScience ¢? CellPress
OPEN ACCESS

A
—=— (S)-3+6eq Arg|
1400 4 —&— (R)-3+6eq Arg
1200 4
1000
>
=
» 800
=
3
2
=
= 600 -
400 4
200
0 T T T T T T T T T T T 1
-100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100% --
ee% D-Arg
B €
— (5)=3+ -100% ce D-Arg — s -
1400 - — (5)-3+ 805 co D-Arg 1400 4 R e Dkt
— (5)-3+ -60% ce D-Arg — (R)-3+ -60% co D-Arg
— (5)-3+ ~40% ce D-Arg L (®)-3+ ~40% oo D-Are
1200 4 — (9)-3+ -20% ce D-hrg 12004  (R)-3+ —20% ce D-Arg
(5)-3+ 0% ce D-Arg —— (®-3+ 0% ce D-Arg
—— (8)-3+ +20% ee D-Arg — (R)-3+ +20% cc D-Arg
—— (5)-3+ +40% ce D-Arg — (R)-3+ +40% ce D-Arg
1000 D3t 1608 coiboite 1000 — (R)-3+ +60% ee D-Arg
. — (5)-3+ +80% ce D-Arg . — (R)-3+ +80% ce D-Arg
£ [—— (5)-3+ +100% ee D-Arg bt — (R)-3+ +100% ee D-Arg
2 8001 2 800
[ [
2 3
= =
hs ]
600 600
400 4 4004
200 4 2004
0 T T T T T T T 1 0 T T T T T T T 1
400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750
wavelength (nm) wavelength (nm)

Figure 3. Enantioselective fluorescence enhancement of arginine enantiomers by chiral sensors

(A) Fluorescence intensity at 525 nm was plotted against various ee of Arg.

(B) The fluorescence responses of (5)-3 (0.02 mM) toward various ee of Arg.

(C) The fluorescence responses of (R)-3 (0.02 mM) toward various ee of Arg in DMSO (containing 1.25% DCM and 1.25%
water). (Aem = 525 Nm, Aoy = 360 nm, slit = 3.0/3.0 nm, t = 300 s).

L-Arg yields two sets of acrylate signal with a ratio of 80:20 (acrylate ion vs. aromatic acrylate), while (5)-3
and D-Arg yields mostly only one set of acrylate protons (acrylate ion). Another key observation is that
the aromatic protons’ signals became more symmetric, indicating the majority of the products with both
D-/L-Arg are symmetric imine product with the acrylate ester bond cleaved. Considering the fact that
the imine products are mostly nonemissive and that both acrylate ion and Arg are not emissive, we hypoth-
esized the formation of possible 1,4-Michael addition product of the acrylate between (5)-3 and D-Arg but
not with (5)-3 and L-Arg. As long as MS data (See Figures S11 and S12), we proposed some possible prod-
ucts between the reaction of the probe and Arg in scheme 3.

Computational studies have shown the relative energy of those possible reaction products (See
Figures S37-S42). In the reaction between (5)-3 and D-Arg, the possible cyclic product (5)-3/D-Arg-3
was favored by 0.036 eV than (5)-3/D-Arg-1 and by 0.22 eV than (5)-3/D-Arg-2. While in the reaction
between (5)-3 and L-Arg, the possible product (5)-3/L-Arg-2 was favored by 0.07-0.08 eV than other
two possible products (see Table 1). The data supported the formation of a cyclic product between
(5)-3 and D-Arg only. Particularly, the HOMO of (5)-3/D-Arg-3 locates predominantly on Arg’s guani-
dino group and the LUMO locates mostly on one naphthalene ring of the BINOL. However, the
HOMO and LUMO of (5)-3/L-Arg locate nearly only on BINOL. This distinct difference of HOMO/
LUMO distribution could help understand why (S)-3 can enantioselectively recognize D-Arg (see
Figure 5). Intramolecular charge transfer (ICT) is highly possible to happen among (S)-3/D-Arg, and
it is rationalized to be responsible for the fluorescence enhancement observations. While other amino

iScience 25, 104964, September 16, 2022 5



¢? CellPress

OPEN ACCESS

D-GI

(5)-3 D-Ala D-Asn D-A: Cys D-Arg D-Lys D-GIn

D-Met  D-phe D-Pro D-Ser D-Thr D-Try D-Tyr

L-Ala L-Asn

L-Leu L-Met L-Phe L-Pro L-Ser

L-Asp

L-Try Gly

L-Tyr

Figure 4. The colorimetric detection experiment of (S)-3
Colorimetric detection of (A) D-amino acids (6 eq.);(B) L-amino acids (6 eq.). In DMSO with (5)-3 (0.02 mM) (with 1.25% DCM
and 1.25% water, t = 300 s).

acids do not have comparable functional groups as Arg, it is hypothesized that the ICT also contributes
to the chemoselectivity for Arg.

Conclusion

In conclusion, a BINOL-based fluorescent probe bearing multiple active detection sites was synthesized effi-
ciently. It can specifically detect chiral Arg among 39 structurally similar amino acids, both chemoselectively
among 20 types of amino acids and enantioselectively among their enantiomers with an ef value of 487. To
our knowledge, this is the first time such a specific fluorescent probe for chiral Arg that has been reported.
The unprecedented specificity was rationalized to come from the acrylate of the probe, an additional reaction
site that only forms a cyclic compound with a certain enantiomer of Arg. Computational studies supported
the hypothesis that the formed Michael addition product, although not in abundance, experienced a strong
ICT to emit strong fluoresce and contributed to the selectivity. Comparing with other enantioselective fluores-
cent probes that were used to detect chiral amino acids, this probe has advantages such as the specificity for

JNLH o COOH
N/\/\;)J\OH i
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N N
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NN o S o
i NH o) NH 0]
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Scheme 3. Possible products of the sensing reactions
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Table 1. Calculated relative energy of the sensing products

(5)-3/ (5)-3/ (8)-3/ (5)-3/ (5)-3/ (S)-3/

L-ARG-1 L-ARG-2 L-ARG-3 D-ARG-1 D-ARG-2 D-ARG-3
HOMO/EV 0.068 0.000 0.081 0.036 0.220 0.000
LUMO/EV 0.032 0.000 0.043 0.161 0.097 0.000

Arg, metal-free detection, quick responses, and the ability for colorimetric detection. We believe the specificity of
this probe could encourage biological and industrial applications of enantioselective probes.

Limitations of the study

However, the fluorescent probe (5)-3 exhibited decent enantioselectivity and chemoselectivity for Arg.
Limitations should be noted such that the experimental media were limited mostly in organic solvents.
The weak fluorescence in aqueous studies probably came from the fact that final imine products were
not stable there.
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Figure 5. The HOMO and LUMO of (S)-3/ Arg
(A) HOMO of (5)-3/L-Arg-2.

(B) HOMO of (S)-3/D-Arg-3.

(C) LUMO of (9)-3/L-Arg-2.

(D) LUMO of (5)-3/D-Arg-3.
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REAGENT or RESOURCE SOURCE IDENTIFIER
Chemicals, peptides, and recombinant proteins

(S)-BINOL Aladdin CAS: 18531-99-2
(R)-BINOL Aladdin CAS: 18531-94-7
L-Ala Innochem CAS: 56-41-7
L-Arg Innochem CAS: 74-79-3
L-Asn Innochem CAS: 70-47-3
L-Asp Innochem CAS: 56-84-8
L-Cys Innochem CAS: 52-90-4
L-GIn Innochem CAS: 56-85-9
L-Glu Innochem CAS: 56-86-0
Gly Innochem CAS: 56-40-6
L-His Innochem CAS: 71-00-1
L-lle Innochem CAS: 73-32-5
L-Leu Innochem CAS: 61-90-5
L-Lys Innochem CAS: 56-87-1
L-Met Innochem CAS: 63-68-3
L-Phe Innochem CAS: 63-91-2
L-Pro Innochem CAS: 147-85-3
L-Ser Innochem CAS: 56-45-1
L-Thr Innochem CAS: 72-19-5
L-Try Innochem CAS: 73-22-3
L-Tyr Innochem CAS: 60-18-4
L-Val Innochem CAS: 72-18-4
D-Ala Innochem CAS: 338-69-2
D-Arg Innochem CAS: 157-06-2
D-Asn Innochem CAS: 2058-58-4
D-Asp Innochem CAS: 1783-96-6
D-Cys Innochem CAS: 921-01-7
D-GIn Innochem CAS: 5959-95-5
D-Glu Innochem CAS: 6893-26-1
D-His Innochem CAS: 351-50-8
D-lle Innochem CAS: 319-78-8
D-Leu Innochem CAS: 328-38-1
D-Lys Innochem CAS: 923-27-3
D-Met Innochem CAS: 348-67-4
D-Phe Innochem CAS: 673-06-3
D-Thr Innochem CAS: 632-20-2
D-Try Innochem CAS: 153-94-6
D-Tyr Innochem CAS: 556-02-5
D-Val Innochem CAS: 640-68-6
Sodium sulfate Macklin CAS: 7757-82-6
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REAGENT or RESOURCE SOURCE IDENTIFIER

Sodium chloride Macklin CAS: 7647-14-5

Sodium hydride Meryer CAS: 7646-69-7

Silica gel

Qingdao Gulf Fine
Chemical Co., Ltd.

CAS: 112926-00-8

Acryloyl chloride Innochem CAS: 814-68-6

Diisopropylethylamine Innochem CAS: 7087-68-5

Bromomethyl methyl ether ADAMAS CAS: 13057-17-5

n-BulLi damas-beta CAS: 109-72-8

HCI Xilong Chemical Co., Ltd. CAS: 7647-01-0

Dichloromethane GENERAL-REAGENT CAS: 75-09-2

Petroleum ether GENERAL-REAGENT CAS: 8032-32-4

Ethyl acetate GENERAL-REAGENT CAS: 141-78-6

N,N-Dimethylformamide Innochem CAS: 68-12-2

Tetrahydrofuran Aladdin CAS: 109-99-9

Methanol GENERAL-REAGENT CAS: 67-56-1

Ethanol GENERAL-REAGENT CAS: 64-17-5

Acetonitrile Innochem CAS: 75-05-8

Dimethyl sulfoxide Innochem CAS: 67-68-5

Software and algorithms

Origin 2018 OriginLab https://www.originlab.com/

ChenBioDraw 14 PerkinElmer https://perkinelmerinformatics.
com/products/research/chemdraw/

MestReNova Mestrelab https://mestrelab.com/

Spectra Manager Il JASCO http://www.jasco.co.jp/

RESOURCE AVAILABILITY
Lead contact

All requests for reagents and resources should be directed to the lead contact, Chaoyuan Zeng

(zengchaoyuan@hainanu.edu.cn).

Materials availability

Synthetic routes to all chemical compounds are described in supplemental information. Where available,
these may be shared by the lead contact. Solvent, reagents, and amino acids used for the fluorescence
detection studies were obtained from the commercial or internal sources described in the key resources

table.

Data and code availability

o All data reported in this paper will be shared by the lead contact upon request.

® This paper does not report original code.

® Any additional information required to reanalyze the data reported in this paper is available from the

lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

(9)-3 achieves specific fluorescence recognition of D-Arg in 39 amino acids.
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METHOD DETAILS

Materials and instrumentation

All reactions were carried out under N unless otherwise noted. Chemicals were purchased from Meryer
(Shanghai) Chemical Technology Co. or Beijing Innochem Science & Technology co. THF were distilled
with sodium wire to dry it. NMR spectra were recorded on AVANCE NEO 400 MHz spectrometer.
Steady-state fluorescence emission spectra were recorded on JASCO spectrofluorometer FP-8650 .

Synthesis and characterization of compounds

Synthesis of (5)-2,2'-bis(methoxymethoxy)-1,1’-binaphthalene (S)-4

NaH (50 mmol, 2 g) was dispersed in dry THF (30 mL). The solution was cooled to 0°C, and (5)-BINOL
(18 mmol, 5 g) in dry THF (10 mL) was added to the mixture dropwise. The mixture was warmed up to
room temperature to react for additional 2 h. Then the solution was cooled to 0°C again, at which
MOMOBr (75.8 mmol, 6.2 mL) was added to the solution dropwise, then it was warmed up to room tem-
perature to react overnight. 20 mL H,O was added to quench the reaction at 0°C. The organic layer was
separated, and the aqueous layer was extracted with ethyl acetate (3 X 20 mL). The combined organic
layers were dried over anhydrous Na,SO,. After evaporation of the solvents, recrystallize the crude product
from methanol to yield 4.9 g (73%) (5)-4 as white solid (Huang et al., 2014).

Synthesis of (5)-2,2'-bis(methoxymethoxy)-[1,1"-binaphthalene]-3,3'-dicarbaldehyde (S)-5

(5)-4 (5.34 mmol, 2 g) was dissolved in dry THF (30 mL). The solution was cooled to —78°C, and n-BulLi
(13.35 mmol, 8.3 mL, 1.6 M in hexane) was added dropwise. The reaction mixture was stirred at room tem-
perature for 2 h. Then it was cooled to 0°C, DMF (12.82 mmol, 1 mL) was added dropwise. The reaction
mixture was warmed up to room temperature to react for additional 1 h. Saturated NH4Cl (2 mL) was added
to quench the reaction at 0°C. The organic layer was separated, and the aqueous layer was extracted with
ethyl acetate (3 x 20 mL). The combined organic extracts were washed with brine, and dried over anhy-
drous NaySO,. After evaporation of the solvents, the residue was purified by column chromatography
on silica gel eluted with petroleum ether/ethyl acetate (10/1) to afford crude compound (S)-5 as a yellow
oil, and the crude was used for next step (Huang et al., 2014).

Synthesis of (5)-2,2'-dihydroxy-[1,1'-binaphthalene]-3,3'-dicarbaldehyde (5)-1

Concentrated HCI (15 mL) was added dropwise to a solution of (5)-5 in DCM/ethanol (60mL, 1:1). After stir-
ring overnight, NaHCO3 solid was added to quench the reaction until no bubbles appear. The organic layer
was separated, and the aqueous layer was extracted with DCM (3 x 20 mL). The combined organic extracts
were washed with brine, and dried over anhydrous Na,SO,. After evaporation of the solvents, 800 mg yel-
low solid (S)-1 was obtained in 40% yield for two steps. "H NMR (400 MHz, CDCl3) 6 10.58 (s, 2H), 10.20
(s, 2H), 8.35 (s, 2H), 8.00 (dd, J = 6.4, 3.0 Hz, 2H), 7.45-7.39 (m, 4H), 7.20 (dd, J = 6.9, 2.8 Hz, 2H) (Huang
et al., 2014).

Synthesis of (S)-3,3'-diformyl-2'-hydroxy-[1,1-binaphthalen]-2-yl acrylate (S)-3

(9)-1 (0.35 mmol, 120 mg) was dissolved in dry acetonitrile (30 mL). The solution was cooled to 0°C, and
DIEPA (0.88 mmol, 144.8 ul) was added dropwise. The reaction mixture was stirred at room temperature
for 3 h. Then it was cooled to 0°C, at which acryloyl chloride (0.42 mmol, 34.2 ul) was added dropwise.
The reaction mixture was warmed up to room temperature overnight. Saturate NH,CI (30 mL) was added
to quench the reaction, then the organic layer was separated, and the aqueous layer was extracted with
DCM (3 x 10 mL). The combined organic extracts were dried over anhydrous Na,SO,. After evaporation
of the solvents, the residue was purified by column chromatography on silica gel eluted with DCM to afford
compound (5)-3 as a yellow solid in 39% yield.

"H NMR (400 MHz, CDCl3) 6 10.45 (s, TH), 10.12 (s, TH), 10.10 (s, 1H), 8.52 (s, 1H), 8.25 (s, TH), 8.05 (d, J =
8.2 Hz, 1H), 7.91-7.86 (m, TH), 7.50 (t, J = 7.0 Hz, 1H), 7.39 (t, J = 7.0 Hz, 1H), 7.35-7.30 (m, 2H), 7.22 (d,
J =84 Hz, 1H), 7.11 (dd, J = 6.0, 2.9 Hz, 1H), 6.04 (d, J = 16.1 Hz, 1H), 5.84 (dd, J = 17.3, 10.4 Hz, 1H),
5.60 (d, J = 11.7 Hz, 1H). 3C NMR (101 MHz, CDCl3) 6 195.53, 187.91, 162.98, 152.57, 144.56, 137.67,
136.12, 134.98, 134.21, 13157, 130.12, 129.77, 129.16, 128.87, 128.69, 126.54, 126.26, 125.90, 125.82,
124.92,124.85, 124.15, 123.63,120.71, 114.60.HRMS (TOF ES+): calcd for CsH1Os (MH™), 397.1071; found,
397.1067. Mp: 178-180°C [a]2= —53.9 (c = 0.56 mg/mL, CH,Cl,).
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Synthesis of (R)-3,3'-diformyl-2'-hydroxy-[1,1"-binaphthalen]-2-yl acrylate (R)-3

(R)-3 was synthesized following the same method mentioned above except that (R)-BINOL was used
instead of (5)-BINOL. "H NMR (400 MHz, CDCls) 6 10.52 (s, 1H), 10.20 (s, TH), 10.18 (s, 1H), 8.60 (s, TH),
8.33 (s, 1H), 8.13 (d, J = 8.2 Hz, 1H), 7.96 (d, J = 9.3 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 7.49 - 7.44 (m, 1H),
7.42-7.39 (m, 2H), 7.29 (d, J = 8.5 Hz, 1H), 7.18 (d, J = 9.4 Hz, 1H), 6.11 (d, J = 17.2 Hz, 1H), 5.91 (dd, J =
17.3, 10.4 Hz, 1H), 5.67 (d, J = 10.5 Hz, TH). "3C NMR (101 MHz, CDCl3) 3195.54, 187.97, 163.01, 152.57,
144.54, 137.68, 136.12, 134.98, 134.27, 131.61, 130.12, 129.79, 129.17, 128.89, 128.70, 126.52, 126.25,
125.92, 125.81, 124.92, 124.84, 124.16, 123.64, 120.70, 114.59.HRMS (TOF ES+): calcd for Cy5H14Os5
(MH™), 397.1071; found, 397.1075. Mp: 180-182°C [a]%5= 54.9 (c = 0.56 mg/mL, CH,Cly).

Preparation of samples for fluorescence measurements

Prepare fresh stock solutions of 1.6mM (5)-3 and 9.6 mM amino acids in DCM and ultrapure water for each
measurement. In the fluorescence enhancement study, the (5)-3 stock solution was added to a 5 mL test
tube, followed by the addition of the amino acid solution with designated equivalences. Extra DMSO
was added to keep the total volume of the solution at 0.4 mL. The solution was allowed to react at room
temperature for 300 s before being diluted to 4 mL with DMSO, unless otherwise noted.

Preparation of samples for UV-Vis absorption measurements

In the UV-Vis absorption study, the (S5)-3 stock solution was added to a 5 mL test tube, followed by the addi-
tion of the Arginine solution with designated equivalences. Extra DMSO was added to keep the total vol-
ume of the solution at 0.4 mL. The solution was allowed to react at room temperature for 300 s before being
diluted to 4 mL with DMSQ, unless otherwise noted.

Preparation of samples for mass spectra measurements

In the Mass spectra study, weigh (5)-3 (3 mg) and dissolve in 0.5 mL DMSO, then weigh D-Arg (41.6 mg) and
dissolve in 0.5 mL ultrapure water. Add 62.5 pL D-Arg to (S)-3 of DSMO solution. After mixing uniformly,
react for 7h. Dilute the sample before proceeding with mass spectrometry. L-Arg operation is the same
as D-Arg.

Preparation of samples for NMR spectra measurements

In the NMR spectra study, weigh (5)-3 (3 mg) and dissolve in 0.5mL DMSO, then weigh D-Arg (41.6 mg) and
dissolve in 0.5 mL ultrapure water. Add 62.5 pL D-Arg to (S)-3 of DSMO solution. After mixing uniformly,
react for 60s, 300s, 10min, 30min, 1h, 3h, 5h and 7hfor NMR spectra study. L-Arg operation is the same
as D-Arg.

The method of molecular modeling studies on the (S)-3/D- and L-Arg
Conducted further molecular modeling studies on the (5)-3/D- and L-Arg by using the Gaussian with the
density functional theory (DFT) method at the B3LYP level.
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