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ESI-MS of compound 4:
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H NMR or compound 5:
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ESI-MS of compound 5:
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"H NMR of compound 6:
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HRMS of compound 6:
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BC-NMR of Compound 7:
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ESI-MS of compound 7:
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Partial "H NMR with succinic acid and 1:

ppm
8.83811
B. 36629
8.35456

w
o
o
o©
(]
R

ppm 8.5 B.0 7.5

21

———6.99321
TT—6.397843



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2011

Partial '"H NMR with d/-malic acid and 1:
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Partial "H NMR of 1 with fumaric acid:

- oM TS NN T OMNDWWmNUN
s £ gE2 253 SEZEEE228YS gz
. B 553 PERITELLIIN LR
[ “’\T/“’ N\V M\%\N\NWN Y
ppm 8.5 8.0 7.5 7]0

Partial 1H NMR with citric acid

23



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2011

Partial "H NMR of 1 with TFA (1 equivalent):

Partial "H NMR of 1 with TFA (3 equivalent):
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Partial "H-NMR of 2 with succinic acid:
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Partial "H-NMR of 2 with fumaric acid:

Partial '"H-NMR of 2 with dl-malic acid:
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Partial "H-NMR of 2 with cirtic acid:

Partial '"H-NMR of 2 with TFA (1:1):
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Partial '"H-NMR of 2 with TFA (1:3):
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"H NMR of 1 with fumarate (1:1):
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"H NMR of 1 with citrate (1:1):
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'H-NMR of 1 with monotetrabutylamonium salt of succinic acid:
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'H-NMR of 1 with monotetrabutylamonium salt of dl-malic acid:

b ey ‘ }L e G

T e Ty T T Tt T T T T T T T Tl o T

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

'H-NMR of 1 with monotetrabutylamonium salt of maleic acid:

MU e et e L e ——— - S
o 7 o = 1 T L e e S

4.0 3.0 2.0 1.0 0

"H-NMR of 1 with monotetrabutylamonium salt of fumaric acid:

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 ‘ 0

32



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2011

Change of absorbance upon addition of citric acid to 1 (¢ =4.0 X 10 M).
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Change of absorbance upon addition of dl-malic acid to 1 (¢ = 4.0 X 10™ M).
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Change of UV upon addition of one equivalent TFA to 1
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Fluorescence titration spectra of succinic acid with 1:
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Fluorescence titration spectra of citric acid with 1:

400+

Intensity (a.u.)
N
8

380 400 420 440 460 480 500 520
‘Wavelength (nm)

Fluorescence titration spectra of the sensor with TFA:
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Linear Regression for 1 with succinic acid:
Y=A+B*X
Parameter Value Error
A 5.69351 0.68489
B 4.25681 0.14761
R SD N P
0.99404 1.67561 12 <0.0001
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Linear Regression for 1 with dl-malic acid:

Y=A+B*X

Parameter Value Error

A 2.74266 0.55066

B 4.34273 0.18958

R SD N P
0.99246 1.04044 10 <0.0001

Linear Regression for 1 with fumaric acid:
Y=A+B*X

Parameter Value Error

A -24.38899 4.8446
B 27.88158 1.09309

R SD N P

0.99315 11.85242 11 <0.0001

Linear Regression for 1 with maleic acid:

Y=A+B*X

Parameter Value Error

A 1.55365 0.06063

B 0.29573 0.0071

R SD N P
0.99656 0.16253 14 <0.0001
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Changg in the absorbance of 1 with citrate:
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Change in the fluorescence of 1 with dl-malate:
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Change in the absorbance of 1 with maleate:
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Change in the fluorescence of 1 with succinate
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Linear Regression for 1 with dl-malate:

Y=A+B*X

Parameter Value Error

A 2.08096 0.44697
B 0.40062 0.02518

R SD N P

0.99026 0.41721 7 <0.0001

Linear Regression for 1 with fumarate:
Y=A+B*X

Parameter Value Error

A 2.03198 0.29489
B 0.25159 0.01275

R SD N P

0.98989 0.45682 10 <0.0001

Linear Regression for 1 with maleate:
Y=A+B*X

Parameter Value Error

A -6.64544 1.32263
B 1.53292 0.03233

R SD N P

0.99867 2.69395 8 <0.0001
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Linear Regression for 1 with citrate:
Y=A+B*X

Parameter Value Error

A -1.9575 0.94658
B 0.80795 0.0204

R SD N P

0.99683 2.31584 12 <0.0001

Table 5: Binding constant of 1 with acids and their anions as tetrabutylammonium salt by
fluorescence method

Entry | Acids Binding constant of | Anions of acids Binding constant of
receptor 1 M receptor 1 )

1 succinic 1.33X10* succinic -

2 dl-malic 6.31X10° dl-malic 5.19X10°

3 fumaric 8.75X10° fumaric 8.08X10’

4 maleic 5.25X10* maleic 4.33X10°

5 citric - citric 2.42X10°

‘-’ not determined due to irregular change

Job plot of 1 with corresponding carboxylates as their tetrabutylammonium salt:

0.08-,

06 /% ' \\
x._: 004_ ,// —e— maleate \“
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3 / R \

0.02, °

0.0, \\

00 02 04 06 08 1.0
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UV-vis titration spectra of 1 with monotetrabutylamonium salt of citric acid:
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UV-vis titration spectra of 1 with monotetrabutylamonium salt of fumaric acid:
0.4+

o
e

Absorbance
o
»

o-o T T T T T T T T T 1
320 340 360 380 400 420
Wavelength (nm)

UV-vis titration spectra of 1 with monotetrabutylamonium salt of fumaric acid:

0.4+
0.3

0.2

Absorbance

320 340 360 380 400 420
Wavelength (nm)

Job plot of receptor 1 with monotetrabutylamonium salts of guest acids:

0.12-
0.09 P .
E‘ 0.06 B \
A A
0.03- furic
\\

\\\

0.00 I ¢

00 02 04 06 08 10

46



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2011

Fluorescence titration spectra of 1 with monotetrabutylamonium salt of citric acid:
300+

250-
200-
150-

Intensity (a. u.)

0 T T T T T T T T T T T T 7: ‘VI
380 400 420 440 460 480 500 520
Wavelength (nm)

Fluorescence titration spectra of 1 with monotetrabutylamonium salt of dl-malic acid:

3004
250
200-
150/

Intensity (a. u.)

380 400 420 440 460 480 500 520
Wavelength (nm)

Fluorescence titration spectra of 1 with monotetrabutylamonium salt of succinic acid:
300-

)
S
e

Intensity (a. u.)
8

380 400 420 440 460 480 500 520
Wavelength (nm)

47



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2011

Fluorescence titration spectra of 1 with monotetrabutylamonium salt of maleic acid:
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Linear Regression for 1 with mono TBA salt of dl-malic acid:

Y=A+B*X

Parameter Value Error

A -0.35555 0.52334

B 0.72958 0.02326

R SD N P
0.99596 0.9636 10 <0.0001

Linear Regression for 1 with mono TBA salt of succinic acid:

Y=A+B*X

Parameter Value Error

A 1.56944 0.34762

B 0.34956 0.00928

R SD N P
0.9965 0.84265 12 <0.0001

Linear Regression 1 with mono TBA salt of maleic acid:

Y=A+B*X

Parameter Value Error

A 1.63431 0.18366

B 0.21875 0.0049

R SD N P
0.9975 0.44521 12 <0.0001
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Linear Regression for 1 with mono TBA of fumaric acid:

Y=A+B*X

Parameter Value Error

A 2.20135 0.27955

B 0.34019 0.00746

R SD N P
0.9976 0.67766 12 <0.0001

Table 6: binding constants of 1 (¢ = 4X10™ M) with monotetrabutylamonium salts of the
guest acids at 25 °C:

Entry | Name of the monotetrabutylamonium salt Binding constants (M)
1 monotetrabutylamonium salt of citric acids -
2 monotetrabutylamonium salt of dl-malic acids | 4.87X10°
3 monotetrabutylamonium salt of succinic acids | 4.49X10°
4
5

monotetrabutylamonium salt of maleic acids | 7.47X10°
monotetrabutylamonium salt of fumaric acids | 6.47X10°

‘-’ not determined due to irregular change

Change in the absorbance of 2 with succinic acid:
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Change in the fluorescence of 2 with succinic acid:
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Change in the absorbance of 2 with citric acid:
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Change of fluorescence of 2 with maleic acid:
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Change in the absorbance of 2 with TFA:
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Figure 6: (a) Polymeric zigzag chains of 1 along the crystallography a axis, (b) showing
two CH/ & stacking interactions with anthracene and (c) stacking between the anthracene

rings in form A.

Figure 7: (a) Polymeric zigzag chains of the 1 along the crystallography a axis, (b)
showing two CH/r interactions with anthracene and (c) stacking between the anthracene

rings in form B.
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Figure 8: Illustration of crystal structure of co-crystal A (a) viewed down the

crystallography « axis and (b) distances between the tertiary nitrogen proton and nitrogen

of pyridine rings and
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Table 7: Crystallographic data and structure refinement parameters of 1 in form A, form
B and co-crystal A.

Compound Form A Form B Co-crystal A

CCDC No. CCDC 780314 CCDC 780315  CCDC 789746

Empirical Formula C31H29N502 C31H29N502 (C31H30 N502)2,
(C4H404)4,
(C4H204),
(H20)>

Formula weight 503.59 503.59 811.79

Crystal system Triclinic Triclinic Monoclinic

Space group P-1 (No. 2) P-1 (No. 2) P21/c (No. 14)

T [K] 296 296 100

a[A] 9.4245 (2) 9.3680 (2) 13.9724 (4)

b[A] 9.9653 (2) 9.5760 (3) 32.9044(9)

c[A] 13.9428 (3) 16.6792 (5) 8.6563 (2)

o [deg] 84.353 (1) 79.700 (2) 90

p [deg] 88.257 (1) 77.133 (2) 101.086(2)

y [deg] 89.524 (1) 66.303 (2) 90

Z 2 2 4

VA% 1302.50 (5) 1328.99 (6) 3905.50(18)

ITA] 0.71073 0.71073 0.71073

Deatc [g/cm’] 1.284 1.258 1.381

F1000] 532 532 1704

Crystal size [mm]

0.10x0.37x0.59 0.11x0.27x0.29

0.09x0.17x 0.62

Theta min-max [deg] 1.5, 32.5 1.3,26.0 1.9, 30.0

u [mm™] 0.083 0.081 0.104

Index ranges -14<h<14 -11<h <11 -19<h<12
-14<k <15 -10<k <11 -45 <k <45
21<1<21 -19<1<20 -12<1<12

Reflections collected 38829 20782 49877

Unique reflections 9347 5206 11309

Observed reflections 5742 3539 6798

[I> 2.0 sigma(I)]

R [1>20(])] 0.0551 0.0538 0.0878

wR2 0.1579 0.1453 0.2596

GOF 1.06 1.05 1.05
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Table 8: Hydrogen-bond parameters (A, °) of 1 in form A.

D-H..A D-H
NI-HINI...02! 0.854 (16)
N5-HINS....O1" 0.847 (16)

Intra C12-H12A...N3 0.93
Intra C20-H20A....01 0.93
C23-H23B....02' 0.96
Intra C24-H24B....N2 0.97
Intra C26-H26A...N3 0.93
Intra C28-H28A....02 0.93
C31-H31D....01" 0.96

Symmetry codes: (i) 2-x, 2-y,-z, (ii) 1-x, 2-y,-z

Table 9: Hydrogen-bond parameters (A, °) of 1 in form B.

D-H... A ‘ D-H
NI-HINI1...02" 0.86 (3)
NS5-HINS....O1" 0.88 (2)
Intra C20-H20A....01 0.93
C23-H23A...N4" 0.96

Intra C24-H24A...N2  0.97
Intra C28-H28A....02  0.93
C31-H31B....01" 0.96

Symmetry codes: (i) 1-x,1-y,1-z, (ii) 2-x,1-y,1-z

Table 10: pKa values of different diacids.

Serial Name of acid
No.

1 Succinic

2 dl-Malic

3 Fumaric

4 Maleic

5 Citric

H....A D....A D-H....A
2.090 (16) 2.9300 (15) 167.8 (14)
2.155 (16) 2.9802 (15) 164.6 (14)
2.62 3.1551(18) 117
2.32 2.8787 (18) 119
2.44 3.3092 (19) 150
2.48 3.1644 (16) 128
2.55 2.8650 (17) 100
2.25 2.8315(18) 120
2.59 3.2254 (18) 124
H....A D....A D-H....A
2.06 (3) 2.899 (3) 164 (2)
2.10 (3) 2.974 (3) 170.1 (19)
2.28 2.860 (3) 120
2.53 3.453 (4) 161
2.48 3.188 (3) 130
2.29 2.865 (3) 120
2.52 3.375 (4) 148

First pKa Second pKa Third pKa

4.2 5.6 -

3.4 5.1 -

3.5 4.5 -

1.8 6.5

3.1 4.7 5.4
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Experimental

General

Melting points (mp) were recorded on an A. D. and Co. hot-coil stage melting point
apparatus and are uncorrected. NMR spectra were recorded in dry CDCIls unless
otherwise mentioned with TMS as the internal standard with Bruker AM 500 MHz NMR
and Bruker AVANCE DPX 300 MHz instruments (mentioned case wise). Chemical
shifts are given in 0 (ppm) scale and J values in Hz. IR spectra were measured in KBr
disk with a JASCO FT/IR-460 plus spectrometer. UV—vis spectra were recorded on a
JASCO V-530. Fluorescence spectra were recorded on Perkin Elmer LS-55. HRMS of 1
and compound 3 were recorded on a Qtof Micro YA263 instrument. Mass spectra of
other compounds are done by Micromass Quattro II (LC- ESI-MS). All solvents were
dried prior to use by common methods. Silica gel 100-200 mesh was used for all
chromatographic purifications. Starting materials are commercially available (purchased
from Fluka and Aldrich).

General procedure for UV-vis. and Fluorescence titration

Stock solution of sensor 1 and 2 was prepared at a concentration of 4X10™ mol/dm’ in
dry CHCl; Acids were dissolved in 2% DMSO in CHCl; in 4X10* mol/dm’
concentration. DMSO (2%) was added to make a homogeneous solution. Solutions of
receptors (2 mL) were taken in the cell and guest solutions were then added to solutions
and continuous changes in absorbance and fluorescence intensity were recorded each
time. The chloroform solution of guest anions were taken for titration as their
tetrabutylammonium salts which are easily soluble in CHCl;. Association constants were
calculated by plotting Io/Io-1 vs 1/[G] (Ip and I are the initial and final intensity of the
solution after each addition during titration).

Procedure for Job plot:

Solutions of 1 and 2 were prepared in a concentration 4X10” mol/dm’. Guest solutions
were also made in the concentration 4X10™ mol/dm’. The solutions of host and the guest
were added in 1.8:0.2, 1.6:0.4, 1.4:0.6, 1.2:0.8, 1:1, 0.8:1.2, 0.6:1.4, 0.4:1.6, 0.2:1.8 ratio
and the absorbances were recorded. Plot of Xh Vs AL Xh give curves with breaking at 0.5

with mole fraction of host replies a 1:1 stoichiometry.
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General Procedure for the synthesis of monotetrabutylamonium salt of the guest
acids:

Mononeutralization reactions of the corresponding diacids by tetrabutylamonium
hydroxide were carried out for the preparation of the monotetrabutylamonium ammonium
salts of the guest acids according to literature procedure (M. Giffard, G. Mabon, N.
Mercies, P. Molinié, T.P. Nguyen, A. Riou and M. Vautrin, Synthetic Metals, 1999, 102,

1766). Elemental analysis was performed for their characterization.

X-ray crystallography

Intensity data of all the compounds were collected with the Bruker SMART APEXII
CCD area-detector diffractometer (Mo Ka radiation, A = 0.7107A) using the APEX2
software [18]. The low temperature data for complex A were collected using the Oxford
Cryosystem Cobra low-temperature attachment (Both data were collected at room
temperature). Data reductions were performed using SAINT [18]. Absorption corrections
were performed using SADABS [17]. The structures were solved by direct methods. The
non-hydrogen atoms were refined anisotropically. The Ortep23 figures were plotted using

SHELXTL [17].

60




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



