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Pd(0)-Catalyzed amination of N,N’-di(bromobenzyl) substituted tetraazamacrocycles (cyclen, cyclam) with (S)-2,2 -
diamino-1,1 -binaphthalene (BINAM) was employed for the synthesis of a novel type of chiral cryptands. Better yields
were obtained for cyclen derivatives. The compounds were modified with dansyl groups to enhance their fluorescent
properties. Cryptands theirselves and their dansyl derivatives were evaluated for sensing enantiomers of 7 amino
alcohols and 21 metal cations.
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Introduction

Fluorescent analytical methods are highly demanded
due to their sensitivity, selectivity and wide opportunities
of adjusting receptor and signaling units to certain analytes.
Beginning from 1992, 1,1’-binaphthol (BINOL) has been
employed as a basic moiety for creating chemosensors for
fluorescence detection of chiral organic compounds. This
is due to unique properties of BINOL: it combines C2
chirality, fluorescent properties and possesses two oxygen
atoms which can be employed in various structural modifi-
cations.l! BINOL derivatives were used mainly for sensing
amino acids and their derivatives. For instance, 3,3’-disub-
stituted BINOLs were found to be useful for detecting
N-Boc-alanine and N-Boc-phenylalanine by fluorescence
quenching, emission enhancement was used for mandelic
enantiomers sensing with a BINOL-diamine derivative.
The same analyte can be detected by a macrocyclic sensor
combining two BINOL and two chiral 1,2-diaminocyclohex-
ane fragments.®”] Macrocyclic derivatives of BINOL were
also obtained employing imidazoline linkers,® but in many
cases BINOL was rather attached as an exocyclic structural
fragment to other macrocycles such as triazacyclononane
(sensor of tartrate anion),” calix[4]crown ether,l!') crown
ethers containing additional exocyclic chiral groups.!™
Additional chromophore!? and fluorophore!™™ groups were
introduced in BINOL-crown ether conjugates to ensure
better optical response. Even a cryptand possessing two
BINOL and two coplanar porphyrins was contrived for bet-
ter coordination.!'*!%!

The analogue of BINOL, 2,2’-diamino-1,1’-binaphtha-
lene (BINAM) was shown to be efficient for a.-phenylethyl-
amine enantiomers sensing,[') however, unlike for BINOL,
only scarce data can be found in literature considering its
derivatives used as fluorescent detectors."! We began
our own investigations aimed at the synthesis of BINAM-
containing macrocycles and their use in fluorescent enan-
tioselective detection of amino alcohols.?*??1 The present
work deals with the synthesis of cryptands on the basis
of tetraazamacrocycles comprising endocyclic BINAM
moiety.

Experimental

NMR spectra were registered using Bruker Avance 400
spectrometer, MALDI-TOF spectra were obtained with Bruker
Autoflex II spectrometer using 1,8,9-trihydroxyanthracene as
matrix and PEGs as internal standards. UV-Vis spectra were
recorded with Agilent Cary 60 spectrophotometer in MeCN,
spectra of fluorescence were obtained with Hitachi 2700
spectrofluorometer in acetonitrile (UHPLC grade). (S)-2,2’-
diamino-1,1’-binaphthalene ((S)-BINAM) (5), 5-(dimethylamino)
naphthalene-1-sulfonyl chloride (dansyl chloride) (11), BINAP
ligand, optically active amino alcohols, sodium zert-butoxide, Li',
Nal!, K!, Mg", Ca', Ba", Al"!, Cr'!l, Mn'", Fe!, Co'!, Ni", Cu"!, Zn",
Cd", Pb", Ag', Hg" (perchlorates), Ga'', In", Y'! (nitrates) were
purchased from ABCR, Fluka and Sigma-Aldrich Co and used
without further purification, Pd(dba), was synthesized according
to the method described.”! Cyclen and cyclam derivatives 1-4
were obtained according to a method described in ref.,**>) using
free cyclen and cyclam provided by CheMatech Co. Column
chromatography was carried out using silica gel 40—63 nm
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(Fluka). Acetonitrile of UHPLC grade was used without additional
purification, dioxane was successively distilled over NaOH
and sodium. Dichloromethane was distilled over CaH,, methanol
was used freshly distilled.

Method for the synthesis of macrobicycles 6-9. A two-neck
flask equipped with a magnetic stirrer and reflux condenser, flushed
with dry argon, was charged with Pd(dba), (9 mg, 0.016 mmol),
BINAP (11 mg, 0.018 mmol), (S)-BINAM 5 (0.2 mmol, 57 mg),
corresponding N, N’-di(bromobenzyl) substituted cyclen or cyclam
(0.2 mmol, 102 mg or 107 mg), absolute dioxane (8 ml) and sodium
tert-butoxide (0.6 mmol, 58 mg). The reaction mixture was stirred
under reflux for 24 h, cooled to ambient temperature, solution
was filtered, residue was washed with 10 ml of dichloromethane,
combined organic phases were evaporated in vacuo, and the residue
was chromatographed on silica gel using a sequence of eluents:
CH,CI,, CH,Cl,-MeOH 200:1-3:1, CH,Cl,-MeOH-NH,(aq)
100:20:1-100:20:3.

Cryptand 6. Eluent: CH,C1,-MeOH 10:1 — 3:1. Yield 29 mg
(23 %), yellowish solid. (MALDI-TOF) found: 633.3671. CH, N,
requires 633.3706 [M+H]". '"H NMR (CDCI,, 298 K) 5, ppm:
2.41-2.47 m (2H), 2.58-2.75 m (6H), 2.83-2.93 m (6H), 2.94-3.02
m (2H), 3.57 d (2H, 2J = 12.8 Hz), 3.69 d (2H, 2J = 12.8 Hz), 5.76
s (2H), 6.74 d (2H, *J = 7.6 Hz), 6.99 d (2H, *J = 8.1 Hz), 7.07-7.10
m (4H), 7.14 t (2H, *J = 7.8 Hz), 7.20-7.24 m (2H), 7.28-7.32 m
(2H), 7.73 d (2H, 3J=9.0 Hz), 7.84 d 2H, 3J = 7.8 Hz), 791 d (2H,
3J=9.0 Hz), two NH protons were not assigned. "C NMR (CDCI,,
298 K) 8, ppm: 48.2 (2C), 48.5 (2C), 51.8 (2C), 52.6 (2C), 62.9
(20), 116.3 (2C), 117.0 (2C), 118.8 (2C), 119.6 (2C), 123.2 (2C),
123.5 (2C), 124.5 (2C), 127.1 (2C), 128.1 (2C), 129.2 (2C), 129.3
(20), 129.5 (2C), 134.0 (2C), 139.6 (2C), 140.0 (2C), 142.5 (2C).

Macrotricycle 10. Obtained as the second product
in the synthesis of the cryptand 6. Eluent: CH,Cl-MeOH—
NH,(aq) 100:20:1. Yield 17 mg (13 %), yellowish solid. (MALDI-
TOF) found: 1265.7268. C,H,N,, requires 1265.7333 [M+H]"
'H NMR (CDCl,, 298 K) 3, ppm: 2.40-2.70 m (32H), 3.36 d (4H,
2J=13.0 Hz), 3.46 d (4H, 2J = 13.0 Hz), 5.50 s (4H), 6.64 br.d (4H,
3J =70 Hz), 6.74-6.80 m (8H), 6.99 t (4H, *J = 7.7 Hz), 7.12 d
(4H, 3J = 8.2 Hz), 7.15-7.20 m (4H), 7.22-7.26 m (4H), 7.56 d (4H,
3J=9.0 Hz), 7.80 d (4H, 3J = 8.5 Hz), 7.83 d (4H, 3J = 9.0 Hz), four
NH protons were not assigned. *C NMR (CDCI,, 298 K) 3, ppm:
45.8 (8C), 51.8 (8C), 60.0 (4C), 116.0 (4C), 117.8 (4C), 119.2 (4C),
121.2 (4C), 123.1 (4C), 123.4 (4C), 124.3 (4C), 127.0 (4C), 128.2
(4C), 129.1 (4C), 129.3 (4C), 129.4 (4C), 133.8 (4C), 140.1 (40),
140.8 (4C), 142.5 (4C).

Cryptand 7. Eluent: CH,Cl,-MeOH-NH,(aq) 100:20:1.
Yield 44 mg (34 %), yellowish solid. (MALDI-TOF) found:
633.38. C_H, N _ requires 633.37 [M+H]"; found: 631.3593.

4277457 6

C,H,,N, requires 631.3549 [M-H,+H]"; found: 629.3435. C ,H, N,
requires 629.3393 [M-2H_+H]". 'H NMR (CDCI,, 298 K) 5, ppm:
2.35-2.50 m (2H), 2.51-2.65 m (6H), 2.65-2.80 m (8H), 3.40 d
(2H, 2J = 14.0 Hz), 3.54 d (2H, %J = 14.0 Hz), 4.66 br.s (2H), 5.58
s (2H), 6.73 d (4H, 3J = 8.3 Hz), 6.96 d (4H, 3J = 8.3 Hz), 7.24 d
(2H, 3J = 7.8 Hz), 7.29-7.33 m (2H), 7.35-7.39 m (2H), 7.48 d (2H,
3J = 8.9 Hz), 7.85-7.88 m (4H). "C NMR (CDCl,, 298 K) §_ ppm:
46.8 (2C), 51.3 (2C), 52.4 (2C), 52.6 (20), 61.1 (2C), 120.2 (2C),
120.9 (4C), 123.8 (2C), 124.6 (2C), 127.1 (2C), 128.3 (2C), 129.3
(8C), 129.7 (2C), 133.9 (2C), 134.0 (2C), 140.6 (2C), 142.4 (2C).
Cryptand 8. Eluent: CH,Cl,-MeOH-NH,(aq) 100:20:3.
Yield 22 mg (16 %), yellowish solid. (MALDI-TOF) found:
661.3967. C, H, N, requires 661.4019 [M+H]". 'H NMR (CDCI,,
298 K) 8, ppm: 1.58-1.66 m (1H), 1.66-1.78 m (2H), 1.78-1.86
m (1H), 2.23-2.74 m (12H), 2.81-2.96 m (3H), 3.02 d (I1H,
%J = 14.0 Hz), 3.05-3.09 m (1H), 3.13 d (1H, 2J = 14.0 Hz), 3.57
d (1H, 2J=14.0 Hz), 3.83 d (1H, 2J = 14.0 Hz), 5.75 s (1H), 5.81 s
(1H), 6.75 d (1H, 3J = 7.6 Hz), 6.79 d (I1H, 3J = 7.5 Hz), 6.92 d (1H,
3J=17.8 Hz),7.00d (1H, 3J=8.2 Hz), 7.06-7.14 m (4H), 7.19-7.31 m
(6H), 7.51 d (1H, 3*J=9.0 Hz), 7.62 d (1H, *J=9.0 Hz), 7.79-7.84 m
(3H), 7.85 d (1H, *J= 9.0 Hz), two NH protons were not assigned.
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BC NMR (CDCl,, 298 K) 8, ppm: 25.6, 25.9, 46.8, 49.0, 49.8, 50.1,
51.0, 52.5, 54.6 (2C), 57.3, 577, 116.4, 117.5, 118.0 (2C), 119.1,
119.4, 121.5, 122.9, 123.0, 123.1, 123.2, 123.6, 124.4, 124.6, 126.8
(20), 128.0, 128.1, 128.4, 128.8, 129.2 (3C), 129.3, 133.8, 134.1,
140.6, 140.8, 141.0, 141.7, 142.3, 142.7.

Cryptand 9. Eluent: CH,Cl,-MeOH 3:1. Yield 18 mg
(13 %), yellowish solid. (MALDI-TOF) found: 661.4068. C, H, /N,
requires 661.4019 [M+H]". 'H NMR (CDCI,, 298 K) 5, ppm:
1.79-1.90 m (2H), 2.10-2.21 m (2H), 2.42-2.52 m (4H), 2.70-2.82
m (6H), 2.81-2.93 m (6H), 3.09 d (2H, 2J = 13.0 Hz), 3.66 d (2H,
2J =13.0 Hz), 5.32 s (2H), 6.89 d (4H, *J = 8.1 Hz), 6.93 d (4H,
3J=8.1 Hz), 7.20 d (2H, *J = 8.1 Hz), 7.29-7.33 m (2H), 7.36-7.40
m (2H), 7.42 d 2H, 3J=9.0 Hz), 7.84-7.89 m (4H), two NH protons
were not assigned.

Dansyl-substituted cryptands:

Cryptand 12. A flask equipped with a magnetic stirrer
was charged with the cryptand 6 (0.03 mmol, 19 mg), dansyl
chloride 11 (0.066 mmol, 19 mg), K,CO, (0.12 mmol, 18 mg)
and 1 ml MeCN. The reaction mixture was stirred at ambient
temperature for 24 h, the residue was filtered, washed with 5 ml
dichloromethane, combined organic fractions were evaporated
in vacuo, the residue was dissolved in dichloromethane (3 ml),
washed with water (3x5 ml), dried over molecular sieves 4 A,
evaporated in vacuo, and the target compound 12 was obtained as
a yellow glassy compound. Yield 30 mg (90 %). (MALDI-TOF)
found: 1099.4802. C_, ,H,_N,O,S, requires 1099.4727 [M+H]". 'H
NMR (CDCl,, 298 K) &, ppm: 2.60-2.71 m (6H), 2.80-2.91 m
(4H), 2.81 s (12H), 3.22 d (2H, 2J = 13.4 Hz), 3.25-3.31 m (2H),
3.34brt (4H,°J, =54 Hz),3.45d (2H,*/=13.4 Hz), 5.66 s (2H),
6.63 d (2H, *J = 7.6 Hz), 6.90 d (2H, *J = 8.1 Hz), 6.96 d (2H,
3J =715 Hz), 7.03 t 2H, 3J = 7.8 Hz), 7.08 br.s (2H), 7.15 d (2H,
3J =18 Hz), 7.22-7.35 m (8H), 7.61 d (2H, 9.0 Hz), 7.79 dd (2H,
3J=17.3Hz,*J=1.5Hz), 7.85-7.89 m (4H), 8.17 d (2H, 3J= 8.6 Hz),
8.41 d (2H, *J = 8.5 Hz). "C NMR (CDCI,, 298 K) §_ppm: 45.3
(4C), 46.9 (2C), 474 (2C), 53.1 (2C), 54.6 (2C), 60.4 (2C), 115.0
(20), 116.1 (2C), 117.7 (2C), 119.5 (2C), 120.0 (2C), 121.4 (2C),
122.9 (2C), 123.2 (2C), 123.4 (2C), 124.5 (2C), 126.9 (2C), 127.8
(20), 128.2 (2C), 128.8 (2C), 129.1 (2C), 129.3 (2C), 129.4 (2C),
129.9 (2C), 130.1 (2C), 134.2 (2C), 134.5 (2C), 139.9 (2C), 140.7
(2C), 142.7 (2C), 151.5 (2C), two quaternary carbon atoms were
not assigned.

Cryptand 13. A flask equipped with a magnetic stirrer
was charged with the cryptand 7 (0.06 mmol, 38 mg), dansyl
chloride 11 (0.132 mmol, 36 mg), K,CO, (0.26 mmol, 37 mg)
and 1 ml MeCN. The reaction mixture was stirred at ambient
temperature for 24 h, the residue was filtered, washed with 5 ml
dichloromethane, combined organic fractions were evaporated
in vacuo, the residue was dissolved in dichloromethane (3 ml),
washed with water (3x5 ml), dried over molecular sieves 4 A,
evaporated in vacuo, and chromatographed on silica gel using
a sequence of eluents: CH,Cl, CH,Cl,-MeOH 200:1-10:1.
Eluent: CH,C1,-MeOH 100:1. Yield 20 mg (30 %), yellow glassy
compound. (MALDI-TOF) found: 1099.48. C, H_N.O S, requires
1099.47 [M+H]". '"H NMR (CDCl,, 298 K) 3, ppm: 2.55-2.63 m
(2H), 2.66-2.75 m (4H), 2.77 s (12H), 2.82-2.90 m (2H), 2.99-3.06
m (2H), 3.09 d (2H, *J = 13.6 Hz), 3.18-3.26 m (2H), 3.36-3.45 m
(4H), 3.58 d (2H, 2J=13.6 Hz), 5.24 s (2H), 6.46 d (4H, *J= 8.1 Hz),
6.75 d (4H, °J = 8.1 Hz), 6.87 d (2H, 3J = 7.3 Hz), 7.17 d (2H,
3J = 8.3 Hz), 7.28-7.36 m (6H), 7.42 t 2H, *J = 7.4 Hz), 7.53 d (2H,
3J=8.8 Hz),7.95d (2H,3/=8.1 Hz), 797 d 2H, 3J=9.0 Hz), 8.08 d
(2H,3J=17.2 Hz), 8.23 d (2H, *J=8.7 Hz), 8.32 d (2H, *J = 8.6 Hz).
“C NMR (CDCl,, 298 K) &, ppm: 43.8 (2C), 45.3 (4C), 45.4 (20),
51.9 (2C), 52.5 (2C), 60.1 (2C), 114.9 (2C), 118.1 (2C), 118.5 (40),
119.5 (20), 120.3 (2C), 123.0 (2C), 123.9 (2C), 124.7 (20), 127.1
(20), 1279 (2C), 128.4 (2C), 129.3 (2C), 129.7 (2C), 129.8 (20),
130.0 (2C), 130.1 (2C), 130.2 (4C), 131.8 (2C), 134.2 (2C), 134.3
(20), 140.5 (2C), 142.2 (2C), 151.7 (2C), two quaternary carbon
atoms were not assigned.
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Cryptand 14. A flask equipped with a magnetic stirrer
was charged with the cryptand 8 (0.026 mmol, 17 mg), dansyl
chloride 11 (0.130 mmol, 33 mg), K,CO, (0.2 mmol, 28 mg) and 1 ml
MeCN. The reaction mixture was stirred at ambient temperature for
24 h, the residue was filtered, washed with 5 ml dichloromethane,
combined organic fractions were evaporated in vacuo, the residue
was dissolved in dichloromethane (3 ml), washed with water
(3%5 ml), dried over molecular sieves 4 A, evaporated in vacuo,
and chromatographed on silica gel using a sequence of eluents:
CH,Cl,,CH,CL,-MeOH 500:1-50:1. Eluent: CH,Cl,-MeOH 500:1.
Yield 20 mg (69 %), yellow glassy compound. (MALDI-TOF)
found: 1127.5098. C, H. N,O,S, requires 1127.5040 [M+H]". 'H
NMR (CDCI,, 298 K) &, ppm: 1.60-1.68 m (2H), 2.00-2.05 m
(2H), 2.14 dt (2H, 2J = 13.4 Hz, J = 4.4 Hz), 2.29-2.36 m (2H),
2.40 s (12H), 2.52 d (2H, 2J = 12.9 Hz), 2.56 d (2H, 2J = 12.9 Hz),
2.83-2.90 m (4H), 3.32-3.37 m (4H), 3.40-3.49 m (2H), 3.64-3.73
m (2H), 5.67 s (2H), 5.89 d (2H, *J = 7.6 Hz), 6.25-6.29 m (4H),
6.43 d (2H, 3J=17.6 Hz), 7.01 t 2H, 3J = 7.6 Hz), 7.11-7.17 m (4H),
7.27-7.33 m (6H), 7.77 d (2H, 3J=9.0 Hz), 7.82 d (2H, *J = 7.6 Hz),
7.91-7.96 m (4H), 8.02 d (2H, *J=8.9 Hz), 8.06 d (2H, *J = 8.3 Hz).

The investigations of the spectral properties of the cryptands
6-9 and 13 in the presence of different chiral molecules were car-
ried out in a following manner: 3 ml of the solution of 6 (C = 31.0
uM), or 7 (C = 16.0 uM), or 8 (C = 15.0 uM), or 9 (C = 12.1 uM),
or 13 (C=12.5 uM), in MeCN was placed in a spectrofluorimetric
cuvette, solutions of appropriate chiral compounds (S)- and (R)-
leucinol, (S)- and (R)-tert-leucinol, (S)- and (R)-phenylglycinol,
(8)- and (R)-2-aminopropan-1-ol, (S)- and (R)-2-aminobutan-1-ol,
(IS,2R)- and (IR,2S)-2-amino-1,2-diphenylethanol, in MeCN
(C=0.2 M) were added sequentially (100, 200, 500, 1000 equiv.)
and after each addition UV-Vis and fluorescence spectra were
recorded. Also the solutions of Li!, Na!, K!, Ag!, Mg!, Ca', Ba!,
Al Fel', Mn', Co'', Ni, Cr'"', Cu'", Zn", Cd", Pb'", Hg" perchlo-
rates and Ga''!, In""!, Y'"! nitrates in MeCN (C = 0.01 M) were added
sequentially to the solutions of the cryptands 6-9 and 12 in MeCN
(1,2, and 5 equiv.) and after each addition UV-Vis and fluorescence
spectra were recorded.

Results and Discussion

The synthesis of the target cryptands was accomplished
using Buchwald-Hartwig amination applied to the macro-
cyclization reactions. They were successfully employed
by us earlier to obtain various macrobicyclic and macrotri-
cyclic derivatives of cyclen (1,4,7,10-tetraazacyclododecane)
and cyclam (1,4,8,11-tetraazacyclotetradecane).***! The
starting compounds, N,N’-di(bromobenzyl) substituted
cyclens 1, 2 and cyclams 3, 4 were synthesized in high yields
from free tetraazamacrocycles by three-step procedures
described previously.[**?3! The reactions of these compounds
with (S§)-BINAM (5) were carried out in the presence
of the catalytic system Pd(dba),/BINAP (8/9 mol%) in boil-
ing dioxane at the concentration of the starting compounds
0.02 M using sodium fert-butoxide as a base (Scheme 1).
After the reactions were over, target cryptands were isolated
from the reaction mixtures using column chromatography.
This approach proved to be quite efficient in the present case
as it provided the desired cryptands 6-9 in yields up to 34 %.
It is to be noted, however, that the steric constraint in this
cyclization reaction is quite strict due to the rigid structure
of BINAM with a short distance between the two amino
groups. It is not surprising that for different bromobenzyl
derivatives of tetraazamacrocycles the outcome of the reac-
tion was different. As usual, macrocyclization reaction
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Scheme 1.

proceeds in poorer yields in the cyclam series. In one case,
namely with N, N’-di(3-bromobenzyl)cyclen, we managed
to isolate the cyclic dimer 10, actually a macrotricycle, as
a by-product in 13 % yield. In the same reaction a mixture
of cyclic trimers and tetramer was also obtained as a separate
fraction (yield 20 %). This compound is of interest as it pos-
sesses a larger macrocyclic cavity compared to the cryptands
6-9. In other cases, only fractioned mixture of cyclic and lin-
ear oligomers was obtained by chromatography.

Next, we modified the synthesized macrobicycles with
dansyl fluorophore groups. For this purpose the cryptands
6-9 were reacted with 2.2 equiv. of 5-(dimethylamino)
naphthalene-1-sulfonyl chloride (dansyl chloride 11)
in MeCN in the presence of K,CO, at ambient temperature
(Scheme 2). Macrobicycles 6-8 produced corresponding
didansyl derivatives 12-14 in yields from 30 to 90 %,
while compound 9 was unable to afford the target product.
Such difference in the reactivity of the cryptands
is supposedly due to the difference in the steric hindrances
at the secondary amino groups of the tetraazamacrocycles.

SO,CI
4
NH NA@ OO
=
[ ] / NMe,
N HN 11, 2.2-5 equiv.

Me,N O 0,

}i
T
z

/ \

O K2003/MeCN
20°C

Scheme 2.

Maxkpozemepoyurnvt / Macroheterocycles 2019 12(3) 312-318

Indeed, quite close position of the binaphthalene moiety
to the tetraazamacrocycle may hinder the alkylation
of these amino groups with naphthalene-1-sulfonyl chloride.
Didansyl derivatives 13 and 14 were isolated using column
chromatography on silica gel.

NMR spectra of the obtained cryptands possess
the following peculiarities. In all macrobicycles protons
in NCH,Ph methylene group are diastereotopic. Cyclen
fragment in compounds 6, 7, 12 and 13 is characterized
by four different carbon atoms and not two as was usual
for many other achiral macrobicycles synthesized by us
earlier. However, macrotricyclic dimer 10 displays only two
different carbon atoms assigned for cyclen moiety which
can be explained by a different reciprocal position of cyclen
and BINAM fragments. In the case of cyclam derivative
8 the asymmetrical effect is even more pronounced as all
protons and carbons in this molecule are inequivalent thus
leading to a complicated spectral pattern. On the other
hand, in other cyclam derivatives (9 and 14) symmetry
is not disturbed, benzyl spacers and naphthalene moieties

S\

2
WHN

NM92

Qo

12: n =0, m-NH, 90%
13:n =0, p-NH, 30%
14:n =1, m-NH, 69%
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NH; NH,

. _ ~_OH
tBu\‘/\OH tBu\:/\OH Y\‘/\OH WOH ©/\/ OH

NH, NH, NH, NH,

s R s _ R s R

tert-leucinol leucinol phenylglycinol
OH \:/\OH /Y\OH /\;/\OH
NH; NH, NH, NH,
S-(+) R-() S-(+) R-(-)

2-aminopropan-1-ol

2-aminobutan-1-ol

1R,2S

1S,2R

/l\r/\OH /l\“/\OH

NH, NH,
S (L) R (D)
Valinol

2-amino-1,2-diphenylethanol

Figure 1. Optically active amino alcohols used in fluorescent detection experiments.

of BINAM are identical, as are the two dansyl groups
in compound 14.

Obtained cryptands were tested for their ability
to perform as fluorescent enantioselective detectors using
optically pure amino alcohols (7 pairs of enantiomers). The
analytes structures are given on Figure 1. Experiments
were carried out with the cryptands 6-9, and 13 in MeCN,
corresponding analytes were added stepwise (100, 200,
500, 1000 equiv.) and fluorescent spectra were measured
in each case. Compounds 6-9 possess an absorption band
near A_ = 350 nm, and being excited at this wavelength
they emit at 414 nm (6), 432 nm (7), 422 nm (8), 435 nm
(9). The cryptand 6 did not change notably its fluorescence
in the presence of both isomers of such amino alcohols like
lecinol, fert-leucinol, 2-aminopropan-1-ol and 2-amino-
1,2-diphenyl ethanol. In the case of 2-aminobutan-1-ol,
the addition of its (S)-isomer (here and after 1000 equiv.
of each enantiomer are considered) quenched emission
by 20 % while (R)-isomer quenched it 1.5 times. Similarly,
both isomers of phenylglycinol led to fluorescence
quenching, (S)-isomer was more efficient (1.5 times) than
(R)-isomer (by 40 %), moreover, in both cases bathochromic
shift of the emission maxima by 20-25 nm was observed.
Thus, compound 6 cannot be used for distinguishing
between selected amino alcohols.

As for 7, the addition of enantiomers of the majority
of amino alcohols also did not change notably the fluores-
cence intensity. In one case, with both (5)- and (R)-isomers
of 2-amino-1,2-diphenylethanol tiny quenching of emis-
sion was noted, and only the addition of the enantiomers
of 2-phenylglycinol led to different results: with (S)-isomer
the emission enhanced by ca 20 % while with (R)-isomer
its intensity did not change (Figure 2). It makes possible
to claim that the cryptand 7 is an efficient chemosensor for
this amino alcohol.

The investigation of the compound 8 showed that
the addition of both isomers of valinol resulted in the emis-
sion quenching: with L-isomer by 15 %, with D-isomer
by 40 %. On the other hand, in the presence of both enan-
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Figure 2. The spectra of fluorescence of the cryptand 7
in the presence of (R)- and (S)-2-phenylglycinol (1000 equiv.).

tiomers of phenylglycinol or 2-amino-1,2-diphenyl ethanol
emission enhancement was observed, more pronounced
in the second case. The cryptand 8 turned to be unable
to discriminate any of amino alcohols enantiomers.

The fluorescence of the cryptand 9 was susceptive
to the presence of phenylglycinol enantiomers: the addi-
tion of its (R)-isomer led to an increase in the fluorescence
intensity by 15 % while (S)-isomer increased it by 40 %;
simultaneously weak bathochromic shifts of the maxima (ca
5-10 nm) were noted. The addition of L-valinol caused a tiny
emission quenching, and with D-valinol it was somewhat
more pronounced. In fact, the compound 9 was found to be
able to distinguish between 2-aminobutan-1-ol enantiomers:
the presence of its (S)-isomer does not change the spectrum
at all and its (R)-isomer causes 15 % emission quenching
(Figure 3). Thus, both cryptands 7 and 9 which were found
to be more selective towards certain amino alcohols, com-
prise para-phenylene spacer.

Unfortunately, the modification of the macrobicycles
with two dansyl fluorophores was not helpful and all amino
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Figure 3. The spectra of fluorescence of the cryptand 9 in the
presence of (R)- and (S)-2-aminobutan-1-ol (1000 equiv.).

alcohols under investigation did not cause significant
changes in the fluorescence intensity of compound 13.
Probably, this is due to a strong shielding of the coordination
sites with dimethylaminonaphthalene groups preventing
the formation of the molecular complexes with even small
organic compounds.

The fluorimetric investigations were continued with
metal salts (also in MeCN). Totally 21 metal cations were
used for this purpose: Li', Na', K!, Mg", Ca", Ba", A", Cr'l,
Mn'", Fe'', Co', Ni'l, Cu", Zn", Cd", Pb", Ag', Hg" (perchlo-
rates), Ga'l, In"™, Y (nitrates). The addition of the metal
salts led to much more pronounced changes in fluorescence
with all cryptands tested. Some metals led to emission
quenching, the most important effect was noted for Hg" (by
70 %) and especially by Cu" which produced full quenching
(Figure Sl1, see Supporting Information at https:/macro-
heterocycles.isuct.ru/en/mhci190337a). It was shown that
the addition even of the first equivalent of this cation led
to a dramatic decrease in the intensity of the emission (Fig-
ure S2). Some metals caused tiny emission enhancement,
only in the presence of In'" it increased substantially accom-
panied by a hypsochromic shift of the maximum by 10 nm.
It was shown that this shift was observed with the addition
of the first equivalent of indium, and the enhancement
was notable after the second equivalent was added (Fig-
ure S3). The maximal effect was achieved with 15 equiv.
and further input of the salt did not change the spectrum. As
for Ga'', the maximal enhancement was noted for 5 equiv.
of this metal while with 10 equiv. the intensity of fluores-
cence decreased to some extent (Figure S4). This effect may
be explained by the formation of a new complex with differ-
ent structure and spectroscopic features. Thus, the cryptand
6 can be considered as a molecular sensor for Cu' and In"".

The fluorescence of the cryptand 7 also changes
in the presence of most of the cations investigated
(Figure S5): the addition of Co" and Ni" led to ca twofold
decrease in the emission intensity while In'™, Pb", Cr'l,
Al Ga'" and Zn" induced about twofold enhancement
of the fluorescence intensity. These changes in emission
were accompanied with small hypsochromic shifts (by less
than 10 nm) in the majority of cases. However, the addition
of only 2 equiv. of Cu" quenched totally the fluorescence
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(Figure S6), this can be helpful in the selective detection
of this metal.

The addition of the metal salts to the macrobicycle
8 generally results in more or less pronounced emission
quenching (Figure S7). The most efficient quenching
was noted for Hg" (by 45 %), Co" (by 60 %) and Cu" (by
80 %). It is clearly seen from Figure S8 that unlike in the
case of the two previous ligands 6 and 7, here the addition
of even 10 equiv. of copper was not enough to achieve
full emission quenching. However, with this metal cation
the hypsochromic shift of the emission maximum from
422 to 406 nm was observed. This effect can distinguish
copper among other metal cations. No enhancement
of the fluorescence intensity was noted in any case, unlike it
was common for cyclen-based cryptands 6 and 7.

As for the cryptand 9, most of metal cations more
or less diminished the intensity of fluorescence. Three
of them, Hg", Cd" and Cu" led to hypsochroomic shifts
of the emission maxima (by 5, 10 and 25 nm, respectively)
(Figure S9). In the presence of these metals fluorescence
quenched by 70, 65 and 85 %, respectively. Almost full
emission quenching with Cu" was achieved with 10
equiv. (Figure S10). The macrobicycle 9 can be judged as
a molecular probe for the above-mentioned metals. To
note, cyclen-containing cryptands 6 and 7 undergo almost
full emission quenching in the presence of 2-5 equiv.
of Cu cations, while the fluorescence of cyclam-containing
macrobicycles 8 and 9 is quenched only partially by this
metal added in comparable amounts. This fact is in a good
correspondence with the known better stability of the cyclen-
copper complex compared to cyclam analogue.

Quite different behavior of fluorescence in the presence
of the studied metals was observed in the case of the dansyl-
decorated cryptand 13 (Figure S11). Excitation of the ligand
at 340 nm led to intensive emission at 512 nm. No enhance-
ment of the emission was noted in the presence of any ligand,
and many metals caused partial quenching of fluorescence.
Its intensity diminished by 20—40 % in the presence of Al
In'™, Y™ Fe'', Ni", Zn", Pb", and Cu" led to 5-times decrease
in the emission intensity. Moreover, generally bathochromic
shifts of the emission maxima were observed (525-535 nm)
after the addition of metal salts which caused quenching.
To note, full emission quenching by the copper cations
was achieved after adding 10 equiv. of the corresponding
salt (Figure S12).

Conclusions

Toconclude, inthe course ofthe present work weused our
previously elaborated method for the synthesis of BINAM-
containing macrobicycles based on disubstituted cyclen
and cyclam. The compounds were decorated with dansyl
fluorophore groups. Spectrofluorimetric investigations
of synthesized cryptands demonstrated the possibility
of the cyclen-based compound 7 to distinguish between
two enantiomers of 2-phenylglycinol and of cyclam-based
macrobicycle 9 to detect enantiomers of 2-aminobutan-1-ol
by different changes in the emission caused by the presence
of enantiomers of said compounds. Spectrofluorimetric
titrations of the ligands revealed the ability of the cryptand 7
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to act as a selective fluorescent detector of Cu'' cations, while
macrobicycles 6, 8, 9, and 13 were shown to be molecular
sensors for Cu', Hg", Cd" and In.
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