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Abstract

A series of tautomeric chromoionophores were pegparphotochemically from 1-
aryloxyanthraquinones and 4’-aminobenzo-15-crowetter. All the synthesized dyes can bind
strontium and barium cations as sandwich-type Rjand—metal complexes that show higher
stability constantsK.;) than the corresponding 1:1 complexKs., the K,.1/K.; ratio reaching a
value of 10 (in MeCN). The inverse relatiore. K1 < Ky.1, is observed for the related complexes
of unsubstituted benzo-15-crown-5 ether. The sachlwicomplexes were studied by
spectrophotometry’H NMR spectroscopy, mass spectrometry, and derfsitgtional theory
calculations. A correlation was found between Khe/K;.; ratio and the number of short stacking

contacts in the sandwich complex.
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1. Introduction

The optical properties of tautomeric dyes, dependenthe ratio of tautomeric forms, can be
affected by various factors, such as solvent fglapH, aggregative state, and photoexcitation.
Rational integration of an ionophore into a tautamelye can lead to a compound with ion-
controllable optical characteristics. Crown ethanes well known as selective ligands for alkali and
alkaline-earth metal catiodsThey are widely used as building blocks in theégfeand synthesis of
various functionalized compounds, such as photoobed molecular receptofs and optical
molecular sensors (chromo- and fluoroionophoté$)Among the variety of chromogenic crown
compounds reported in the literature, there arg ¥ew examples of tautomeric dyes that can
operate as optical sensors for metal ibtfs.

Imine derivatives of 1-hydroxyanthraquinone areown to undergo prototropic
tautomerization to exist as an equilibrated mixtofethe imine and enamine isomers both in
solution and in the solid state (Scheme't}. Recently, we reported the synthesis of a 1-
hydroxyanthraquinone-9-imine derivative containiagbenzo-18-crown-6 ether moiéty.The
tautomeric equilibrium of this dye was found tofshoward the imine form in the presence of

alkaline-earth metal cations.
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Scheme 1Tautomerism of 1-hydroxyanthraquinone-9-imines.

It is well known that 15-crown-5 ethers are aldddrm sandwich-type 2:1 complexes with
relatively large metal ions, such a$,kSF*, and B&".!°" This feature has been utilized in the
design of various ion-selective molecular deviteShe sandwich complexes of aromatic crown
ethers can have an enhanced stability owing to wesdking interactions:*° For crown ether dyes
possessing extendendsystems, the effect of stacking interactions oa #andwich complex
formation has been little-studied quantitatively.

Here we report on the synthesis of a series @& fivhydroxyanthraquinone-9-imine dyes
containing a benzo-15-crown-5 ether moiety. The mleration of these chromoionophores with
alkali and alkaline-earth metal cations was comgmelvely studied by spectrophotometfiA
NMR spectroscopy, mass spectrometry, and quantuemiclal calculations. Particular attention
was paid to the effect of interchromophoric intéiats on the thermodynamic stability of the 2:1
complexes of the dyes withSand B



2. Results and Discussion

2.1 Synthesis

Crown-containing 1-hydroxyanthraquinone-9-imine slyé (Scheme 2) were synthesized
photochemically according to the general proceguralished previousl§* A benzene solution of
photochromic 1-aryloxyanthraquinor# with aminobenzo-15-crown-5 eth& was exposed to
sunlight for 6-8 hours. The photoinduced migratainthe aryl group in2 resulted in theana-
quinoid isomer4 possessing a high reactivity toward nucleophilger#s™ The subsequent
nucleophilic substitution of the aryloxy group 4nby the arylamino group & gave the desired
products in 58—75% vyields. The synthesis of dyesld, andleis reported for the first time. Dyes

1b andlc, as obtained by solid-state synthesis, have bestrithed previousl$?
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Scheme 2Synthesis of dyesa—e

2.2 Spectrophotometric study
The complexation of dyeka—ewith alkali and alkaline-earth metal cations in G was studied
by spectrophotometric titration (SPT, see the BExpental). Figure 1 shows the SPT data far
andlcwith Ca(CIlQ), (similar data for dye&b, 1d, andleare presented in Fig. S1).

Dye 1a exhibits two broad absorption bands between 380680 nm, assignable to the imine
(416 nm) and enamine (464 nm) tautomeric forms ¢8&h1)* The absorption spectral changes
observed on the addition of Ca(G)@suggest that the tautomeric equilibriumlef shifts toward
the imine isomer. This shift is attributable to #lectron-withdrawal effect of the crowned metal
ion on the amine nitrogen atormThe same conclusions about the coexistence ofptettropic

tautomers and the nature of cation-induced spedii@iges hold also for dyé&b, 1d, andle
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Fig. 1. Spectrophotometric titration data for the systea)sl@-Ca(ClQy), and p) 1c-Ca(ClQ), in MeCN

(4.75 cm cell); the total ligand concentration & 8.0x10™ and p) 1.25x10° M, and the total metal
concentration variecrementally(a) from 0 to 4.%10° M and ) from 0 to 3.6¢<10° M.

A, nm

Dye 1c unlike the others shows a single absorption baadgd at 497 nm, which implies that
in MeCN this dye exists almost completely as alsitgutomer, presumably, as the imine one. The
binding of C&" to the crown ether moiety dfc induces a hypsochromic shift of the absorption
band, indicating a charge-transfer character ofdiwest-energy excited state.

The complexation stoichiometry, the complex stgbdonstants, and the absorption spectra
of pure complexes for dyek with metal cations were derived from SPT data gidime global
analysis methods described previouSlyn most cases, the SPT data were well fitted te on
equilibrium:

Kl:l

L+M™ L-M"™ (1)
where L is the dye, M is the metal ion, anBy.; = [L-M"™]/([L][M ") is the stability constant of

the 1:1 complex.
More rigorously, the 1:1 complexation of the tan&wic dyes should be described by a model
involving four light absorbing components, the oemications of which are determined by the

following thermodynamic cycle:

K
Im En
+Mmn ’Kl +M™ || K,
K,
Im -M™* En-M""

where Im and En are the imine and enamine isonfetiseodye, respectively, ard,—K, are the
equilibrium constants. It is obvious that the comncation ratios [Im])/[En] and [ImMM™]/[En - M™]

do not depend on the metal cation concentratiarefbre, the system can be formally described by
the equilibrium of Equation (1) involving the twight absorbing components L andM"" with



the concentrations [L]=(1Ks3)[Im] and [L-M™]=(1+Ky)[Im-M™]. The observed stability
constanKj.; is related td;, K3, andK, by the following expression:
K11=Ki{(Ks+ 1)/(Ks+ 1)} (2)

From the experimental data presented in Figaewke know thatk; > K4. Then it follows from
Equation (2) that;.; is somewhat lower than the stability const&atof the imine tautomer
complex.

For the system$-Sr(ClQ)), and1-Ba(CIQy),, the SPT data were well fitted to two equilibria,
viz. the equilibrium of Equation (1) and the other itwtag a 2:1 dye—metal complex:

K2'l

L-M™+L L,-M™ (3)
whereKy.1 = [L2- M™J/([L][L -M™]) is the stability constant of the 2:1 complex.
Global analysis of the SPT data obtained for {fstesn1b—Mg(CIlO,), revealed the formation
of a 1:2 dye—metal complex. In this case, the dagee fitted to the equilibria of Equations (1) and

(4):

KI:Z

L. Mn+ + Mn+ L- (Mn+)2 (4)
whereKy, = [L-(M™),)/(IM™][L -M™]) is the stability constant of the 1:2 complex.

The stability constants of the complexes of dy&gth alkali and alkaline-earth metal cations

in MeCN, as derived from spectrophotometric tibai, are presented in Table 1. The absorption
characteristics of these dyes and their compleseesteown in the same table.

To characterize quantitatively the absorption gesnarising from the shift of the tautomeric
equilibrium, we used the dimensionless paramdtrr = 1 —&(complex)&.(dye), wheres, is the
molar absorptivity (per chromophore) at the absompmaximumAe,, of the free enamine tautomer.
The Aen values for dyeda, 1b, 1d, andle were estimated by fitting the absorption specttona
sum of lognormal functions (Fig. S2).

Figure 2 shows the plots A vs. the radius of the metal iomy) for the 1:1 complexes of
dye 1b with alkali and alkaline-earth metal cations ($&niplots for dyela are presented in Fig.
S3). The maxima in these plots correspond to tieptexes with Naand C&'. This fact suggests
that these ions better fit into the cavity of beriBacrown-5 ether (B15C5). At the same time, the
stability constanK;.; decreases monotonically with an increase irrthealue both for mono- and
divalent cations (Table 1, Fig. 3). The lower valwé Ag for Li* relative to N& and for Mg*
relative to C&" can be explained by the fact that thE"MDAr bonds with Li and Md* are weaker
because the ionic radii of Land Md" are smaller than the cavity radius of 15-crowntfee’
However, these ions, due to relatively high chatgesity, can form stronger bonds with the alkoxy

oxygen atoms of B15C5, which results in the largdues ofK;.1.



Table 1. Stability constants and absorption properties ahglexes of dyeda—e with metal cations in
MeCN?

logK Amas Emex X107 AA Y. l0gK  Amay  EmexX10°  Ad Age
la 416,464 5.1,5.2 1c 497 11
la-Li* 4.56 416 5.77 0 0.144 1lc-Li* 4.46 489 11.24 -8
la-Na' 3.93 416 5.90 0 0.202 1c-Na' 3.54 491 11.27 -6
la-K* 3.13 418 5.78 +2 0.117 1c-K* 3.07 493 11.19 -4
la-Mg?* 6.22 412 6.63 -4  0.489 1c-Mg® @ 6.02 485 11.05 -12
la-Cd* 5.71 410 6.66 -5 0490 1c-C&#* 555 482 11.01 -15
la-SP* 5.40 412 6.50 -4 0.429 1c-S** 5.20 485 11.13 -12
(1a),- SP* 5.47 417 6.23 +1 0.363 1d),-S** 5.98 491 9.96 -6
la-Ba® 5.06 413 6.32 -3 0.366 1c-Ba®* 493 485 11.44  -12
(la),-Ba®*  5.42 417 6.24 +1 0.373 1¢),-Ba®* 5.95 493 9.99 -4
1b 435 8.4 1d 416 9.4
1b-Li* 4.33 430 9.21 -5 0.328 1d.c&” 5.75 419 10.96 +3  0.427
1b-Na"* 4.12 429 9.33 -6 0.376 1d-SP* 5.50 419 10.70 +3  0.368
1b-K* 3.09 430 8.90 -5 0.279 1d),-SP* 5.80 423 9.82 +7 0.29
1b-Mg? 6.13 424 9.68 -11 0581 1d-Ba&®*  4.97 419 10.67 +3  0.298
1b-(Mg?), 1.04 412 7.66 -23 1d),-Ba&®*  5.57 423 9.73 +7  0.32%
1b-ca* 5.55 424 9.73 -11  0.616 le 474 6.5
1b-S* 5.01 424 9.64 -11 0557 le-C&' 5.42 415 7.93 -59 0.63p
(1b),-SP*  5.96 430 8.40 -5 0508 1le-S¢* 510 415 7.69 -59  0.566
1b-Ba" 4.82 426 9.54 -9 0.499 1d),-SP* 5.55 422 7.13 -52  0.528
(1b),-Ba®*  5.70 429 8.46 —6 0.526 1le-Ba* 4.84 416 7.50 -58 0.50%
(e),-Ba&®" 5.34 420 7.10 -54  0.53p
2K (MY =Ky for L-M™ complexesK = K., for (L),- M™ complexes, an# = K., for L- (M"™), complexes; the
K values are determined to within abai20%; A« is the position of the absorption maximum, ngg;, is the
molar absorptivity (per chromophore) a., M7cm™® A1 = An(complex) — Anaddye); Age = 1 —
&r(complex)&.(dye), wheres,, is the molar absorptivity (per chromophore) atabsorption maximume, of the
free enamine tautomer (thig, values forla, 1b, 1d, andle were estimated by spectral deconvolution to bauapo
484, 545, 499, and 515 nm, respectively).
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Fig. 2. Plots ofAge vs. ry for the 1:1 complexes of dykb with alkali and alkaline-earth metal cations in
MeCN: ther,, values are taken from rét.



In order to analyze the complexing properties yésdl, we used B15C5 as the reference
ligand. Table 2 presents the stability constanthefcomplexes of B15C5 with alkali and alkaline-
earth metal cations in MeCN, as determined by tethad described for dyds(the data for Mg
and C4&" are taken from reff).

Table 2. Stability constants and absorption propertiesoofiglexes of B15C5 with metal cations in Me€N.

logK A Enexx107°  AX
B15C5 277 2.6
B15C5-Li* 5.07 273 2.47 -4
278 2.10
B15C5 Na' 4.24 273 2.25 -4
B15C5-K* 3.48 275 2.45 -2
B15C5 Mg?* 7.% — — —
B15C5 Ca* 6.6° — — —
B15C5 Sr** 6.30 269 181 -8
(B15C5)- SP* 5.84 271 1.76 -6
B15C5 Ba* 5.81 271 195 -6
(B15C5)-Ba* 5.58 271 181 -6
AK (M) =Ky for L-M™ complexes, an = K., for
(L)2-M™ complexes; th& values are determined fo
within about +20%; An.x iS the position of the
absorption maximum, nm; & IS the molar
absorptivity (per chromophore) &a, M cm™; Ad =
Amas(complex) —Ana(ligand).” Ref2®

The dependencies &f.; onry for BL5C5 and dye$ show a similar trend (Fig. 3, Tables 1
and 2). The&Ky.; values for the complexes tfwith divalent cations are lower by about an oraller
magnitude than those for the corresponding compleXeB15C5. This fact is attributable to the
electron-withdrawal effect of the anthraquinoneecon the benzocrown ether moiety of the dye.
On the contrary, th&,.; values for the complexes &b and1c with SF* and B&" are higher than

those for the corresponding complexes of B15C5.

8 r

logk —0— BI5C5-M?"
| —e— (BI5C5),-M?
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Fig. 3. Plots of lodK vs. ry for the 1:1 and 2:1 complexes of dyle and B15C5 with alkaline-earth metal
cations in MeCN; they, values are taken from rét.
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Table 3 presents the ratios of the stability camist and the differences between the Gibbs
free energies of formation for the 2:1 and 1:1 clexgs of B15C5 and dyeswith SF* and B&".
For B15CS5, the relatiokz1 < K1.1 holds both for St and B&". The inverse relation is observed for
all dyes1. The dyes containing a benzoylamino group at thand 4 positions of the 1-
hydroxyanthraquinone core (dy&b and 1c, respectively) demonstrate the largest valueshef t
K,./K1.1 ratio. In the case dfc with B&*, this ratio reaches a value of 10. It is mostliikbat the
enhanced stabilities of the sandwich complexesyesl with SF* and B&", as compared with the

corresponding 1:1 complexes, result from stackirigractions between the chromophoric moieties.

Table 3. Ratios of the stability constants and differencesvieen the Gibbs free energies of formation for
the 2:1 and 1:1 complexes of B15C5 and dyesth S and B&" in MeCN.

Ligand B15C5 la 1b 1c 1d le
Substituent H 2-NHCOPh 4-NHCOPh 5-NHCOPh  2-NHCQQF
KoalK1a s 0.35 1.01 8.75 5.97 2.00 2.77
Ba* 0.67 2.26 7.60 105 3.93 3.17
ANG,? kJ mol* st 2.59 -0.029 -5.37 -4.43 -1.72 -2.53
B&* 1.01 —-2.02 -5.02 -5.81 -3.39 -2.86
2A\G = —RT(INK,. — InKy.1), T = 298 K.

Figure 4 shows the absorption spectra of digeand complexedb-SF* and (Lb),-SP*
(similar data for dyeda and1lc—eare presented in Fig. S4). The sandwich compléy (S is
characterized by a higher molar absorptivitylat 640 nm in comparison with the free dye and the
1:1 complex (a similar pattern is observed forwith B&*, Fig. S5). Presumably, this feature is
due to stacking interactions between the benzoyih@ngroup of one dye molecule and the
anthraquinone core of the other in the sandwichptexes involving the enamine tautomerldi

The results of molecular structure calculation® (selow) support this supposition.

—1b
—— 1b-S*
—— (1b),-Sr*"

e x 107, M 'em™ (per chromophore)
(=)}

T T v ] v
400 500 600 700
A, nm

Fig. 4. Absorption spectra of dykb and complexe$b-Sr* and (Lb),- S in MeCN.



An interesting feature of dy&b is the ability to form a weak binuclear complextwiMg®
(Table 1). Figure 5 represents the absorption spextlb, 1b-Mg**, and1b-(Mg*"), in MeCN.
The spectrum olb-Mg?* is similar in shape to the spectra of the 1:1 dewgs oflb with C&*
(Fig. ST), SF* (Fig. 4), and B (Fig. S®), which indicates that the Mgion in 1b-Mg®" is
bound to the crown ether moiety of the dye. Thespm of 1b-(Mg**), differs significantly from
that of 1b-Mg?". It is most likely that the binuclear complex farmwing to the binding of Mg to
the three heteroatoms of the chromophoric moietitothe carbonyl oxygen of the benzoylamino
group, the hydroxyl oxygen, and the imine nitrogege Scheme 3).
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Fig. 5. Absorption spectra of dyib and complexesb-Mg* and1b-(Mg?*), in MeCN.
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2.3 NMR spectroscopy
Figure 6 presents thtH NMR spectra of the systems B15C5-Ba(giCand 1b-Ba(CIQ,), in
MeCN-d; at different metal-to-ligand molar ratioSy/C_. = 0 (curvesl), 0.5 (curve<2), and 15
(curvesl), whereCy is the total metal concentration a@g is the total ligand concentration (in
both system€, = 2 mM). The presence of Ba(C)Rinduces significant shifts and broadening of
the proton signals of B15C5 ad8). The H-1 signal of B15C5 and the H-2' signallbfare shifted
upfield atCy/C_ = 0.5 and downfield afy/C_ = 15. The increase in ti&,/C, ratio to 100 caused
narrowing of all signals in th&H NMR spectra of the ligands (Fig. S6). These fatiggest the
formation of two different complexes in these symeviz. L-Ba® and L,-Ba®™, the latter
predominating aCy/C_ = 0.5.

The spectrum of the aromatic protons of free B1&CGbsingle multiplet which splits into two
multiplets atCy/C. = 0.5. When th€y/C, ratio is increased to 15, the H-1 signal (whickhgted
upfield) broadens and moves downfield, so that gbsitions of the H-1 and H-2 signals are
inverted with respect to each othef. the NMR titration spectra in Fig. S7). It is mdgely that
the H-1 proton of one ligand molecule in (B158Bg’" is shielded by the benzene ring of the
other, which results in a decrease in the chensiudll (J) of the H-1 signal.

a) ) o/Bﬁa 1
(\ o} 2
s

N

~
jan
N
IS
=]
e
=i
N
R
o
i =
i =
=
4
3~

T T & T
7.2 7.0 6.8 4.5 4.0 3.5

Fig. 6."H NMR spectra of the systena) (B15C5-Ba(CIQ), and p) 1b-Ba(CIQ), in MeCN; at different
metal-to-ligand molar ratio€,/C, = 0 (curvesdl), 0.5 (curveg), and 15 (curve8); C. =2 mM.

The positions of the H-2' and H-6' signals in tHENMR spectra of théb—Ba(CIQ,), system
are also inverted on changing tGg/C, ratio from 0.5 to 15. This indicates that the Hton in
(1b),-Ba* is shielded in the same way as the H-1 protoBIr5C5)- Ba’".

To confirm the reliability of theK,.1/K;.; ratios determined by SPT, we carried out NMR
titrations for the systems B15C5-Ba(G)9and 1b—Ba(CIQy), in MeCN-ds. Figure 7 shows the

10



plots of 0 on Cy for some protons in these systems. From these dateas not possible to
determine the stability constarifs.; andKj.; because of their high values, but it was posdible
evaluate th&,.1/K.1 ratio. This ratio was estimated by globally figithe NMR titration curves to
the 2:1 complexation model represented by Equatidlsand (3) (details are given in the
Experimental). In both cases, the experimental nlegecies o on Cy are well reproduced by this
model, and the best fitted valueskaf,/K.1 are 0.66 for (B15C5)Ba?* and 7.73 for 1b),-Ba’", in
perfect agreement with those determined by SPTI€T&)b

The plots ofd on Cy, for the systemdb—Ba(ClQ,), and B15C5-Ba(Clg), are similar to each
other. In the conversion of the 2:1 complex (IBw values) into the 1:1 complex (high, values),
all signals of the aliphatic protons, except thgnal of Hf3, demonstrate downfield shifts, which is
attributable to longer O—Bacoordination bonds in the sandwich complex. Tisimtitive behavior
of the Hf signal is presumably due to the fact that the giblgr cycle adopts different

conformations in the 2:1 and 1:1 complexes.

721 & ppm a) 461 & ppm b)
L O < 7 | O o
7.0 |
i 44 F e o —
=_= —0—
e Qe
sk o H-2 4zr ¢ H-a
I g H-a o H-o
o H-p o H-p
4.0 F v H-y,8 4.0 F v H-p
L o vV v
v \'4 [
3.8
L 38F
CypM CwM
3.6 - v T v T v T T v T v T g T
0.00 0.01 0.02 0.03 0.00 0.01 0.02 0.03

Fig. 7. Plots of dvs. Cy for some protons in the systena B815C5-Ba(ClQ), and ) 1b-Ba(ClQy), in
MeCN-d; (C. = 2 mM); the solid curves are from global fitsth@ 2:1 complexation model represented by
Equations (1) and (3).

Figures S8-S10 show the NOESY spectra oflifreBa(CIQ,), system in MeCNd;—CDChk
(4:1, viv) atC. =2 mM andCy/C_ =0, 1, and 100. The NOE interactions observedyerlb and
complexes1b),-Ba* (Cu/C. = 1) andlb-Ba** (Cy/C. = 100) are depicted schematically in Figure
8. In all three cases, there are the intramolear@ss-peaks of H-8 with H-2' and H-6" (the atom
numbering is shown in Fig. 6), indicating rapideirtonversion between the two dye conformations
associated with the rotation of the benzocrownratin@ety around the Ar—N single borsldis and
strans, Fig. 8).

The NOESY spectrum dfb shows weak cross-peaks of H(hydroxyl) with H-21 &h6'. In

the spectrum olb-Ba", these cross-peaks are absent, which can be eaglaiy the shift of the

11



dye tautomeric equilibrium toward the imine isonfiwe distances from the hydroxyl hydrogen to
H-2' and H-6' are supposed to be larger in the emgomer than in the enamine one). In the
spectrum of 1b),- Ba?*, the cross-peak between H(hydroxyl) and H-2' $® @bsent, but the main
reason for this appears to be a considerable bnoaglef the H-2' signal (the broadening is due to a
great difference in the H-2' chemical shifts betweemplexesi(b),-Ba* and1b-Ba’"). Compared
with the free dye, complexik),-Ba®* is characterized by a more intense cross-peak eaetw
H(hydroxyl) and H-6' (its intensity is doubled witbspect to the cross-peak between ldnd H-

5). Most likely, it arises from the intermolecul®&NOE. The results of molecular structure

calculations presented below support this hyposhesi
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Fig. 8. NOE interactions in different conformersidj, 1b-Ba’*, and (Lb),- Ba®".

2.4 Mass spectrometry

The complexation of (BaClK) with B15C5 and dye&b and1c was investigated by electrosonic

spray ionization mass spectrometry (ESSI-MS, seeEtkperimental). Figures 9 shows the ESSI-
MS spectra of the systems B15C5—(Bag}iCand 1b—(BaClQ,), in MeCN, obtained at a spray

voltage of 2.7 kV.
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Fig. 9. ESSI mass spectra of the system)sB15C5-(BaClQ@), and p) 1b—(BaClQ,), in MeCN C_. =Cy =
1x10™ M), obtained at a spray voltage of 2.7 kV.

In the case of B15C5, the spectrum contains signédom (B15C5)-B&",
(B15C5)-BaClQ,", B15C5BaClQ,’, and complexes with impurity ions (not denotedheT
absence of the signal from the non-associated B1IB&5 complex, probably, results from a lower
surface activity of this species in comparison witie ion pairs and the non-associated
(B15C5)-Ba* complex. Due to the lower surface activity, thesB% Ba®" complex is located in
the droplet bulk, not on the surface, which supgeests release into the gas phase through the
droplet fission cascad® The decrease in the spray voltage to 150 V leddignificant reduction in
the signal intensity of (B15C5)Ba’* relative to both B15C8BaClO," and (B15C5)-BaClO,"
(Fig. S13) owing to the formation of less chargeaptets.

The ESSI-MS spectrum of théb—(BaClQ,), system exhibits the signals from both
(1b),-Ba?* and 1b-Ba’*, which suggests that the difference in the surfaatévity between these
complexes is much less than that between (B15B8&j" and B15C5B&”". The reason for the
smaller difference is that dyb contains a bulky hydrophobic moiety. The spectshows the
signal from a protonated form of dyé (1bH"). Presumably, this signal appears mainly due ¢o th
protonation of {b),-Ba?* followed by the dissociation intbbH* and1b-Ba?*. This presumption is
supported by the fact that the decrease in theyspodtage to 150 V caused a significant
enhancement of the signal intensity ab),-Ba’" relative to bothlbH* and1b-Ba?* (Fig. S14).
The ESSI-MS spectrum of the systéoHBaClOy), essentially shows similar features (Fig. S15).

It has been reported that electrospray ionizati@ss spectrometry can be used to determine
stability constants of crown ether—metal cation ptaxes?®° In the case of dyesb and1c, this

method is not suitable for this purpose due tootheerved protonation processes.

2.5 Quantum-chemical calculations
The molecular structures of complexé3, (SP* and (B15C5)-Sr** in MeCN were studied using

density functional theory (DFT, see the Experimgntdhe most stable conformations of the
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complexes, as calculated by DFT, are shown in Eidif. The dye molecules in){-SP* are
present as the-trans-conformers with respect to rotation of the benzaer@ther moiety around
the Ar—N single bond. The two 1-hydroxyanthraquexamine moieties adopt amti-conformation

relative to each other, which was found to be nmohe stable thagyn-conformations.

(B15C5),- Sr* (1a),- St (1d),- Sr**

increase in K».1/K.1 )

(1b),- Sr** (1¢),- Sr2*

Fig. 10.Most stable conformations of complexes (B15CSy* and (la—d),- SP* in MeCN, as calculated by
DFT; hydrogen atoms are not shown, except the hytlfrtydrogen.

The calculated sandwich structures are charaetkhy a different number of short stacking
contacts (SC). The SC number varies in the follgwonder: B15C5 (1 SC) ¢a=1d (2 SC) <1c
(3 SC) <1b (4 SC). According to experimental data (seeKbgKj.1 ratios or thedAG values in
Table 3), the relative stability of the 2:1 compsyof B15C5 and dyeka—d with SF* with respect
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to the corresponding 1:1 complexes increases msv&l B15C5 <la<1d <1c<1b. Thatis, there
is a correlation between the number of stackingamis in the sandwich complex and its relative
stability.

In the calculated structureanfi-(s-trans-1),] - SP*, the H-2' of one benzocrown unit is in the
shielding region of the benzene ring of the othdrich agrees with the observed upfield shift of the
H-2' signal in the NMR spectrum of the related cteriflb),-Ba&" (Fig. 6).

The intramolecular distances between H-6' and &8 between H(hydroxyl) and H-2' in
structure fnti-(s-trans-1b),]-SF* are 2.79 and 2.72 A, respectively. The fact that NOESY
spectrum of the related complegbj,-Ba’* does not show the expected cross-peak between
H(hydroxyl) and H-2' is due to significant broadsmbf the H-2' signal.

The intramolecular distance between H(hydroxylyl af6' in fanti-(s-trans-1b),] - SP* is
equal to 4.00 A, whereas the intermolecular distdagust 3.02 A. Figure S17 representsahi-
(s-cis), and anti-(s-cis,strans) conformations of {b),- SP* calculated by the same method. The
relative DFT energies of these conformers with eespo fnti-(s-trans-1b),] - SP* are about +0.3
and +1.8 kcal/mol, respectively. The intra- anckintolecular distances between H(hydroxyl) and
H-6' in theanti-(s-cis), conformer (3.56 and 5.78 A, respectively) are i§iggantly larger than the
intermolecular distance between these atoms in ahie(s-trans), conformer. In the non-
symmetrical conformeanti-(s-cis,s-trans), the intramolecular distances between H(hydroayil
H-6' (3.32 and 3.62 A) are also larger than 3.02vAereas the shortest intermolecular distance is
just 2.35 A. These facts support the conclusionttracross-peak between H(hydroxyl) and H-6' in

the NOESY spectrum oflb),-Ba* arises from the intermolecular NOE.

3. Conclusions

Thus, the 15-crown-5-containing 1-hydroxyanthraguerimine dyesl, all exceptlc, undergo
prototropic tautomerization in MeCN to exist aseaquilibrated mixture of the imine and enamine
isomers. The binding of an alkaline metal catiortht® crown ether moiety of the tautomeric dye
causes a shift of the equilibrium toward the imis@mer due to electron-withdrawal effect of the
crowned metal cation on the amine nitrogen atoms Thsults in significant changes in the
absorption spectrum of the dye. The sandwich-typec@mplexes formed by dyé&swith strontium
and barium cations show higher stability constaimés the corresponding 1:1 complexes, with the
K2.4/Kq.1 ratio reaching a value of 10. This phenomenorelated to interchromophoric stacking
interactions in the sandwich structures; the grethe number of short stacking contacts in the 2:1

complex, the higher thi€,../K1; ratio.

15



4. Experimental

4.1 General methods

'H and™*C NMR spectra were measured on a Bruker AVANCEQ0 spectrometer. The solvent
(MeCN-d; or CDCE) was used as the internal refereficAbsorption spectra were recorded on a
Specord M40 spectrophotometer. Chromatography waducted on glass columns packed with
silica gel (63—-100um). Thin layer chromatography (TLC) was carried out Silufol UV-254
plates. Elemental analysis was performed on a VBHGRO Cube analyzer. IR spectra were

recorded on a Bruker Vector 22 spectrophotomet&Bnpellets.

4.2 Materials

Acetonitrile (special purity grade, water content0s03%, v/v) was used without additional
purification. Benzene and ethanol were dried ovwelnydrous CaGl and CuS@ respectively,
followed by distillationin vacuo. Mg(ClOy),, Ca(CIQ),, Sr(ClQy),, and Ba(ClQ), were driedin
vacuo at 230°C, and LiCIQ, NaClQ,, and KCIQ were driedn vacuo at 170°C.

4.3 Spectrophotometric titration (SPT)

Experiments were conducted in MeCN in 1 and 4.75qciartz cells with ground-in stoppers. In
each SPT experiment, the total ligand concentraii@n was maintained constant, and the total
metal concentrationQy) varied incrementally from 0 up to 2 mM (for thgseem1b—Mg(CIlOy)-,

the Cy value varied up to 0.5 M). Théy-dependent absorption spectra obtained for ea¢heof
ligand—metal perchlorate systems were subjectegldbal analysis using the methods described
previously*® The complexation stoichiometry, the complex stgbitonstants, and the absorption
spectra of pure complexes were determined by dipliidling the SPT data to the appropriate
complexation model (see the Results and Discussotion). For those systems, where 2:1 ligand—
metal complexes were detected, the desired chasdici® were obtained by globally fitting the SPT
data from the two experiments conducted at diffe@nvalues in 1 and 4.75 cm cells. When
needed, a possible systematic error in@yeéC, ratio was taking into account by introducing one
more variable parameter into the fitting procedimeaddition to the complex stability constarfts).

The standard deviations in the stability constastthe fitting parameters did not exceed 1%.

4.4™H NMR titration

Experiments were conducted in Me@Rlin 5 mm NMR tubes (Norell, 500 MHz). The systems
studied were B15C5-Ba(Cl and1b-Ba(ClQ,).. In the case oib, the initial solution contained
both the ligand and Ba(Cip (56 mL, C. = 2 mM, Cy = 1 mM). During the NMR titration, the

value ofC, was maintained at the same level, and the val@,ahcreased incrementally up to 32
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mM. Because of a low solubility of free dyld in MeCN-ds, its NMR spectrum was measured
separately at a smaller value @f. The NMR titration of B15C5 with Ba(Cl} was carried out
similarly, except that th€y value increased from zero. The proton signals deatonstrated the
most significant shifts and that could be assignadmbiguously were used in the subsequent
calculations. The chemical shiftd were estimated by fitting the proton signals tcswan of
Lorentzian functions (after the baseline corregtiorhe dependencies @f on Cy obtained for
different protons of the ligand were fitted glolyalb the 2:1 complexation model represented by
Equations (1) and (3), using the assumption that

0= (L1 A +[L-M™] 31 + 2[Lo-M™] &)/CL (5)
where d, d.1, and & are the proton chemical shifts of L;M"™, and L,-M™, respectively. In
these calculations, the stability constiat was used as a variable parameter, whereas thtanbns
Ki1.1 was fixed at the value derived from the SPT meaments (Tables 1 and 2). A variation of the

K11 value by+30% had insignificant effect on the calculated eabfiK,.1/K1.1.

4.5 Mass spectrometry

Mass spectra were acquired using a custom-buitd@FOF mass spectrometérequipped with a
custom-built electrosonic spray ionization (ES®iiree. Owing to the use of supersonic nebulizing
gas (N), the ESSI technique provides very efficient destwbn of ionic species and narrow charge-
state distributiond®> The spectrometer provides ~ 10000 FWHM resolutitthcontains two
transport radio frequency quadrupoles (REWGgcilitating efficient declusterization and traesbf
ions to the Ortho-TOF mass analyzer. The ionsraresterred from atmospheric pressure region via
a metal capillary (0.4 mm ID, 11 cm long) to théemace consisted of two RFQ ion guides. The
electrical potential applied to the sample solutioa a stainless steel union (connector) can be
tuned between 0 and 3 kV. The sample solution njested by a syringe pump with a flow rate of
1 pLmin™™

4.6 Quantum-chemical calculations

The molecular structures of complex&¥ (Sr** in MeCN were calculated as follows. First, various
conformations of model complexesl){-Na" in the gas phase were analyzed using the
parameterized electronic structure model develdpyedaikov*® and implemented in the Priroda 14
program®® The sodium atom was used in these preliminaryutations because the method has no
parameterization for strontium. For each complesyesal most probable conformations were
selected in which sodium atoms were replaced lmngstim atoms to perform the subsequent DFT
calculations using the ORCA 3.0 program packdg&eometry optimizations of complexes
(1),-SP#* were carried out using the BLYP functioifaf with the def2-TZVP basis sé&tthe D3
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dispersion correctioff; and the gCP counterpoise correctidithe COSMO methdd was used to

simulate effects of MeCN as the experimental sdlven

4.7 Synthesis of precursors

Compound2a was prepared from 1-chloro-9,10-anthraquinoig gccording to the procedure
described previoush. 4-(tert-Butyl)phenol (16 mmol) and KOH (8 mmol) were mixadth 4
mmol of 5 and a catalytic amount of metallic copper. The torx was heated at 13@ with
stirring under reflux for 2 hours, then cooled @2C and added to 50 mL of 10% aqueous KOH.
The resulting yellow precipitate was filtered ofidawashed, first with 100 mL of 5% aqueous
KOH and then with distilled water to neutral pH.eTtesidue was dried and subjected to column
chromatography on silica gel using toluene as then¢. The second yellow fraction was collected,
evaporated to dryness and then recrystallized &tivanol to give a flaky yellow solid (1.18 g, 81%
yield). A similar procedure was used to prepare42-and 5-amino derivatives @k (6a—g from
the corresponding amino derivatives ®f Benzoylation of6a—c resulted in compound2b—d,
respectively** Compound2e was obtained by acylation 6&a with trifluoroacetyl chloride. ThéH
NMR spectra of compoundsare presented in Figures S18-S23. 4’-Aminobenzor@®n-5 ether
(3) was prepared by Pd/C-catalyzed reduction of #bbenzo-15-crown-5 ether by hydrazine
hydrate in diethylene glycol dimethyl etH&r.

4.8 Synthesis of dyes 1a—e (general method)
1-Aryloxy-9,10-anthraquinong (0.20 mmol) was dissolved in dry benzene (100 rnthégn crown
ether3 (0.25 mmol) was added, and the solution was expasesunlight for 6—8 hours until
compound? was completely consumed (monitoring by TLC). Teaation mixture was evaporated
in vacuo at 40°C. The residue was washed with hexane, filteredanftl dissolved in benzene (15
mL). The solution was subjected to column chromiaplyy on silica gel. First, yellow by-product
(1-hydroxyanthraquinone) was separated by eluatith benzene. Then a deep colored fraction
containing compound was collected by eluation with a 3:1 benzene—eathamxture; the solvent
was evaporatech vacuo at 40°C and the residue was recrystallized from a 1:1zéee—ethanol
mixture.

4-Hydroxy-10-((2,3,5,6,8,9,11,12-
octahydrobenzop][1,4,7,10,13]pentaoxacyclopentadecin-15-yl)iminojghracen-9(1H)-one
(1a). Compoundla was obtained as an orange solid (0.069 g, 71%); h25-127°C. *H NMR
(500 MHz, CDC}, Fig. S24):0=14.88 (s, 1H; OH), 8.30 (dd= 7.8, 1.5 Hz, 1H; 5-H), 7.82 (dd,
= 7.6, 1.3 Hz, 1H; 8-H), 7.51-7.58 (m, 2H; 6,7-A}¥8 (dd,J = 8.2, 1.2 Hz, 1H; 4-H), 7.33-7.36
(m, 1H; 3-H), 7.31 (ddJ = 8.2, 1.2 Hz, 1H; 2-H), 6.88 (d,= 8.4 Hz, 1H; 5'-H), 6.57 (dl = 2.4
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Hz, 1H: 2-H), 6.53 (ddJ = 8.4, 2.4 Hz, 1H: 6"-H), 4.15-4.20 (m, 2¢t:H), 4.02-4.08 (m, 2Hor'-

H), 3.93-3.97 (m, 2H3-H), 3.86-3.91 (m, 2H3"-H), 3.71-3.83 (m, 8H,3,5y-H) ppm.**C NMR
(500 MHz, CDC}, Fig. S25):0= 183.74 (10-C), 161.45 (9-C), 159.53 (1-C), 1BQ&-C), 147.18
(4'-C), 141.76 (1'-C), 134.03 (12-C), 132.94 (11-€32.37 (7-C), 132.31 (6-C), 132.01 (14-C),
130.01 (13-C), 129.48 (8-C), 128.08 (5-C), 1243-C}, 118.47 (2-C), 118.22 (4-C), 115.03 (5'-C),
112.57 (6'-C), 106.47 (2'-C), 71.1&C), 71.10 &-C), 70.51 ¢-C), 70.41 ¢-C), 69.66 B-C), 69.40
(B-C), 69.32 ¢-C), 68.85 (-C) ppm. IR (KBr)v [cm™]: 3439 (OH), 3073 (Ck), 2924, 2856
(CH,), 1665 (C=0), 1591 (C=N), 1555, 1512 (G3CESI-MS: m/z calcd for GgHo/NO+H":
490.186 M+H"]; found: 490.194. Elemental analysis calcd (%)@sH,/NO;: C 68.70, H 5.56, N
2.86; found: C 68.61, H 5.62, N 2.90.

N-(1-Hydroxy-9-((2,3,5,6,8,9,11,12-
octahydrobenzop][1,4,7,10,13]pentaoxacyclopentadecin-15-yl)imind©-oxo0-9,10-
dihydroanthracen-2-yl)benzamide (1b).CompoundlLb was obtained as a brown powder (0.089 g,
73%); m.p. 157-159C. *H NMR (500 MHz, MeCNds—CDCk (4:1), Fig. S26):d= 16.57 (s, 1H;
OH), 9.18 (s, 1H; NH), 8.74 (d,= 8.4 Hz, 1H; 4-H), 8.28 (dd,= 7.8, 1.2 Hz, 1H; 5-H), 7.94-7.98
(m, 2H; 2",6"-H), 7.82 (d] = 8.4 Hz, 1H; 3-H), 7.60-7.69 (m, 2H; 6,7-H), Z=8%8 (m, 2H; 3",5"-
H), 7.51 (dJ = 8.2, 1.1 Hz, 1H; 8-H), 7.39 (td,= 7.3, 1.5 Hz, 1H; 4"-H), 7.11 (d,= 8.4 Hz, 1H:;
5-H), 6.91 (dJ = 2.3 Hz, 1H; 2"-H), 6.82 (dd,= 8.4, 2.3 Hz, 1H; 6'-H), 4.22-4.29 (m, 2tt:H),
4.07-4.15 (m, 2Hp'-H), 3.89-3.96 (M, 2HB-H), 3.81-3.87 (m, 2HP"-H), 3.68-3.81 (m, 8H;
v\Y,0,0-H) ppm.**C NMR (500 MHz, MeCNds—CDC} (4:1), Fig. S28)0 = 182.86 (10-C), 166.33
(NHCO), 161.82 (9-C), 154.42 (1-C), 149.36 (3'-@C¥6.56 (4'-C), 141.57 (1'-C), 135.47 (2-C),
135.42 (12-C), 135.17 (1"-C), 133.80 (7-C), 133(8B4C), 133.08 (4"-C), 130.44 (8-C), 129.98
(3",5"-C), 129.25 (11-C), 128.75 (5-C), 128.2042C), 127.31 (14-C), 126.29 (13-C), 122.26 (4-
C), 119.56 (3-C), 116.25 (5'-C), 115.63 (6'-C), HF2'-C), 69.67&C), 69.65 §-C), 69.12 {-C),
69.04 {/-C), 68.75 B,p'-C), 68.57 (,a'-C) ppm. IR (KBr)v [cm]: 3431, 3378 (OH, NH), 3073
(CHay), 2912, 2866 (Ch), 1671 (C=0), 1653 (C=N), 1590, 1513 (GHCESI-MS:nv/z calcd for
CasH3NOg+H™: 609.223 M+H']; found: 609.260. Elemental analysis calcd (%)@asH3N,0s: C
69.07, H 5.30, N 4.60; found: C 69.07, H 5.66, KA.

N-(4-Hydroxy-10-((2,3,5,6,8,9,11,12-
octahydrobenzop][1,4,7,10,13]pentaoxacyclopentadecin-15-yl)imin®-oxo0-9,10-
dihydroanthracen-1-yl)benzamide (1c).Compoundlc was obtained as a dark red powder (0.071
g, 58%); m.p. 161-163C. *H NMR (500 MHz, CDC}4, Fig. S29):0= 15.58 (s, 1H; OH), 13.28 (s,
1H; NH), 9.16 (dJ = 9.4 Hz, 1H; 3-H), 8.36 (dd] = 7.9, 1.4 Hz, 1H; 5-H), 8.14-8.18 (m, 2H;
2",6"-H), 7.55-7.62 (m, 4H; 6,7,3",5"-H), 7.0 J = 8.1 Hz, 1H; 8-H), 7.44 (dl = 9.4 Hz, 1H; 2-
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H), 7.33-7.40 (m, 1H; 4"-H), 6.88 (d= 8.4 Hz, 1H; 5'-H), 6.61 (d, = 2.4 Hz, 1H; 2'-H), 6.55 (dd,
J=8.4, 2.4 Hz, 1H; 6'-H), 4.15-4.20 (m, 2Hx21-H), 4.03—-4.09 (m, 2H; & a'-H), 3.93-3.98 (m,
2H; 2x B-H), 3.87-3.92 (m, 2H; & B'-H), 3.74-3.84 (m, 8H; R y-H, 2x y-H, 2x &H, 2 x &-H)
ppm. 3C NMR (500 MHz, CDGJ, Fig. S30):0 = 187.27 (10-C), 166.38 (NHCO), 159.36 (9-C),
158.58 (1-C), 150.51 (3'-C), 147.36 (4'-C), 141(P5C), 135.81 (4-C), 135.13 (12-C), 134.51 (11-
C), 132.51 (14-C), 132.16 (1"-C), 132.10 (13-C39.B0 (4"-C), 129.21 (7-C), 129.00 (3",5"-C),
128.30 (6-C), 127.75 (2",6"-C), 127.69 (8-C), XB6(5-C), 116.49 (3-C), 116.36 (2-C), 114.96 (5
C), 113.00 (6'-C), 106.83 (2'-C), 71.1&¢), 71.11 §'-C), 70.49 y-C), 70.40 ¢-C), 69.63 B-C),
69.39 B'-C), 69.28 @-C), 68.88 (-C) ppm. IR (KBr)v [cm™Y: 3356, 3308 (OH, NH), 3062
(CHar), 2950, 2921 (Ch), 1671, 1630 (C=0, C=N), 1601, 1582 (GHCESI-MS: m/z calcd for
CssH3N,0g+H™: 609.223 M+H']; found: 609.242. Elemental analysis calcd (%)@gH3,N,Os: C
69.07, H 5.30, N 4.60; found: C 68.77, H 5.31, B54.

N-(5-Hydroxy-10-((2,3,5,6,8,9,11,12-
octahydrobenzop][1,4,7,10,13]pentaoxacyclopentadecin-15-yl)imin®-oxo0-9,10-
dihydroanthracen-1-yl)benzamide (1d).Compoundld was obtained as a dark red powder (0.078
g, 64%); m.p. 163—-16%C. *H NMR (500 MHz, CDC}, Fig. S31):0= 14.57 (s, 1H; OH), 13.34 (s,
1H; NH), 9.11 (dd,) = 8.4, 1.1 Hz, 1H; 8-H), 8.14-8.19 (m, 2H; 2:t6); 7.82 (ddJ = 7.6, 1.1 Hz,
1H; 6-H), 7.56—7.65 (m, 3H; 3",4",5"), 7.54J& 8.0 Hz, 1H; 7-H), 7.39 (f] = 8.2 Hz, 1H; 3-H),
7.29-7.34 (m, 2H; 2,4-H), 6.86 (d= 8.4 Hz, 1H; 5'-H), 6.56 (d = 2.3 Hz, 1H; 2'-H), 6.54 (dd,
= 8.4, 2.3 Hz, 1H; 6'-H), 4.15-4.20 (m, 2Hx2x-H), 4.03-4.09 (m, 2H; & a'-H), 3.93-3.98 (m,
2H; 2x B-H), 3.87-3.92 (m, 2H; & B'-H), 3.74-3.84 (m, 8H; R y-H, 2x y-H, 2x &H, 2 x &-H)
ppm. 3C NMR (500 MHz, CDGQ, Fig. S32):0 = 188.15 (10-C), 166.60 (NHCO), 160.74 (9-C),
159.35 (1-C), 150.46 (3'-C), 142.45 (4'-C), 141($1C), 134.76 (5-C), 133.94 (12-C), 133.09 (14-
C), 132.95 (11-C), 132.43 (13-C), 131.05 (1"-X9.17 (4"-C), 129.09 (3",5"-C), 127.80 (2"®)-
124.86 (3-C), 124.01 (7-C), 123.82 (8-C), 118.7€}4118.71 (6-C), 117.76 (2-C), 116.49 (5-C),
113.15 (6'-C), 106.84 (2'-C); 71.18C), 71.12 §-C), 70.53 §-C), 70.45 ¢-C), 69.64 p3-C), 69.40
(B-C), 69.28 @-C), 68.92 ¢'-C) ppm. ESI-MSm/z calcd for GsH3N,Og+H": 609.223 M+H;
found: 609.248. Elemental analysis calcd (%) fesHz,N.Og: C 69.07, H 5.30, N 4.60; found: C
68.82, H 5.32, N 4.68.

2,2,2-Trifluoro-N-(1-hydroxy-9-((2,3,5,6,8,9,11,12-
octahydrobenzop][1,4,7,10,13]pentaoxacyclopentadecin-15-yl)imind©-oxo-9,10-
dihydroanthracen-2-yl)acetamide (1e) Compoundle was obtained as a dark red powder (0.089
g, 74%); m.p. 153-15%C. *H NMR (500 MHz, CDC}, Fig. S33):0= 17.34 (s, 1H; OH), 9.35 (s,
1H; NH), 8.58 (d,J = 8.3 Hz, 1H; 3-H), 8.35 (dd,= 7.8, 1.1 Hz, 1H; 5-H), 7.82 (d,= 8.3 Hz, 1H;
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4-H), 7.63 (td,J = 7.8, 1.1 Hz, 1H; 6-H), 7.56 (dd,= 8.2, 1.0 Hz, 1H; 8-H), 7.38 (td,= 7.8, 1.5
Hz, 1H: 7-H), 6.92 (dJ = 8.5 Hz, 1H; 5'-H), 6.66-6.71 (M, 2H: 2,6"-H)14-4.22 (m, 2Hp-H),
4.03-4.09 (M, 2Hp'-H), 3.94-3.99 (m, 2HB-H), 3.87-3.92 (m, 2HR-H), 3.74-3.83 (m, 8H:;
v.y,3,8-H) ppm.23C NMR (500 MHz, CDGJ, Fig. S35):0= 181.94 (10-C), 160.16 (9-C), 156.25
(NHCO), 154.84 (1-C), 150.58 (3-C), 148.38 (4-C}7.65 (1-C), 134.50 (2-C), 133.11 (7-C),
132.50 (6-C), 131.96 (11-C), 129.38 (8-C), 129.12-C), 128.62 (5-C), 128.36 (14-C), 127.77
(13-C), 122.18 (4-C), 118.49 (3-C), 115.14 (LA 14.66 (5'-C), 114.21 (6-C), 107.53 (2'-C),17L.
(3-C), 71.13 §-C), 70.42 {-C), 70.37 y-C), 69.52 B-C), 69.32 '-C), 69.15 §-C), 68.98 ('-C)
ppm. IR (KBr) v [cmY: 3333 (OH, NH), 3075 (C—), 2932, 2860 (C—H), 1719 (C=0O in
NHCOCR), 1655 (C=0, C=N), 1588 (C=@, 1541, 1510 (C=), 1129 (CF). ESI-MS:m/z calcd
for CsoH27FsN,Og+H™: 601.179 M+H']; found: 601.170. Elemental analysis calcd (%) for
CsoH27F3N20s: C 60.00, H 4.53, N 4.66; found: C 59.86, H 4M2].81.
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