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Simple Synthetic Neutral Receptors. Role of the Hydrophobic Microenvironment of the
Receptor Molecule

Rui Yang,™* Wen-Xia Liu, T Hong Shen! Hui-Hui Huang, T and Yun-Bao Jiang*"

Department of Chemistry, College of Chemistry and Chemical Engineering, and The MOE Key Laboratory of
Analytical Sciences, Xiamen Ueirsity, Xiamen 361005, China, and College of Chemistry and Chemical
Engineering, Southwest Wrmrsity, Chongqing 400715, China

Receied: December 19, 2007; In Final Form: February 13, 2008

N-(Isonicotinamido)N'-(substituted-phenyl)thioureasg—e, substituent X= p-OCHs, p-CHs, H, m-Br, and

m-CF;) have been designed as neutral receptors, in order to prove the influence of conformational issues on
the ability to bind anions in agueous solutions. Compouhase were shown to create a hydrophobic
microenvironment around the thiourea group, favoring hydrogen bonding interactions, by evidence from
quantum mechanic calculations, thermodynamic analysis, NMR aromatic current shielding, and comparative
anion binding. Referring tdN-(substituted-benzamido)thioureaat-e, substituent Y= H, m-Cl, m-NO,,
m,m-Cl,Cl, andp-NO,), we showed that, for the hydrophobic microenvironment to be operative in agueous

solutions, the amide-NH proton needs to be acidic enough.

1. Introduction OCHs, p-CHs, H, mBr, andm-CF;, la—e, Figure 1), which

R " d . ¢ ani b heti h have two aryl terminals. A pyridine terminal was chosen in order
ecognition and sensing of anions by synthetic receptors have, 55, improve the water solubility and prevent self-aggregation

seen substantial recent progress thanks to the understanding of; the receptor molecules in agueous solutions.Mamido-
suprarr;olecrl:!ar che:jnlstryhof gnlﬁns, .togethhe:\r with the 'e.mploy- thiourea binding site was employed following our previous work
ment of sophisticated synthetic chemistr. Anion recognition that showed a substantially enhanced anion binding affinity in

is, in general, made possible via hydrogen bonding and/or g organic solvent acetonitrile (MeCK¥:*> Quantum me-
electrostatic interactions. Both of the two interactions become chanic calculations at the B3LYP/6-31G* leteindeed sug-

weaker in aqueous solutions, with anion sensing by simple gested that the two aryl rings ftc could approach to within a
neutral receptors via hydrogen bonding suffering more. In order van der Waals contact, thereby affording a hydrophobic mi-
to make anion sensing possible in aqueous solutions, Strucwralcroenvironment. This \;vas supported by a variety of other
modifications on the receptor molecule by incorporating more evidence. Results do show that the absorption spectta-oé
binding sites in a suitable arrangement has been successful 1% ould sensitively respond to anions such as Ad®aqueous
varied extents, demanding synthetic efforts. With neutral solution with binding constants of 11X order of magnitude

receptors themselves, increasing the acidity .Of the _hydrogenthat are comparable to or even higher than those of the classical
bonding donors has also been a strategy of first choice. That, N-diphenylthioureas in an noncompetitive solvent such as
however, may lead to deprotonation of the highly acidic M,eCN

hydrogen bonding donor in the presence of alkaline anion in
aqueous solutions:®

It is a bit surprising that the possible role of the receptor
molecular conformation in terms of providing a good microen- 14 NMR and!3C NMR were acquired in DMS®s or CDs-
vironment for anion binding has not been paid much atterftidn.  cN on a Bruker AV400 MHz or Varian Unity500 MHz NMR
On the basis of solvent dependence of hydrogen bonding, it spectrometer using tetramethylsilane (TMS) as an internal
appears that, in general, a less polar medium is favordbiée standard. High-resolution mass spectrometry (HRMS) spectra
thus envisaged that by providing a less polar microenvironment ere obtained on a Micromass LCT spectrometer by injection
for the binding site, efficient hydrogen bonding might be allowed  of the methanol solution of the sample. Absorption spectra were
in aqueous solutions. With neutral receptors, this will be possible recorded on a Varian Cary 300 absorption spectrophotometer.
if the binding site is made between two hydrophobic groups. Anions used for binding titrations in organic solvents were their
The two terminals will then approach as a result of, for example, n-Bu,N* salts commercially available. Inorganic salts used in
hydrophobic interaction in aqueous solutidhé?leading to @ this research were those of the highest purity available in the
cleft with a less polar microenvironment. We accordingly market. The solvents employed for titrations were redistilled
designed a series of simple neutral receptdkgisonicotina- MeCN and deionized water.
mido)-N'-(substituted-phenyljthioureas  (substituent X p- la—ewere synthesized by reactibg(isonicotinyol)hydrazine
with phenyl isothiocyanates in ethanol at room temperature for

2. Experimental

b:agogfrﬁ’]ﬂ”gg;gcna“thor- Phone/Fax+86 592 2185662. E-mail: 5 h 2a—c and2e were those available in the laboratory, and
Yol Xigmen University. 2d was prepared following the same procedufrestirring
* Southwest University. phenylisothiocyanate (2 mmol) with hydrazine monohydrate
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X = P-OCHjs (a), p-CH3 (b}, H (0}, Y = H (a), m-Cl (b), m-NO; (¢),
m-Br (d), m-CF3 (¢) 3,5-dichloric (d), p-NC (e)
Figure 1. Structures ofla—e and model molecule2—4. Numbering of protons is given fdt.
(80%,_ 6 mmol) in eth_anol at room temperatqrezm produceql Wavaleagih, arn [Anion], sepv
N-aminoN'-phenylthiourea (1.5 mmol), which, after reaction g 240 280 320 360 400 440 0 2 4 6 8 10 12 14 16
with acetic anhydride (1.5 mmol) in acetic acid (3 mL), under @ MeCN |BPlvis 6 0 66 26 8 & a0 F |
stirring at room temperature for 1h, afford@d The lactam 03
control molecule4 was synthesized following a reported pO000D00D0o Aoy 5
proceduré’ The as-obtained products were purified by repeated °'2§
recrystallizations from ethanol. All newly synthesized molecules —_—
were fully characterized bH NMR, 3C NMR, and HRMS. 89°¢ o
la. 'HNMR (400 MHz, DMSO#s), 6 (ppm) 10.82 (s, 1H), §99°8989%  Fw,omjog
9.75 (s, 1H), 9.70 (s, 1H), 8.77 (d, 2H,= 6.4 Hz), 7.85 (d, @ HO
2H,J = 5.6 Hz), 7.27 (d, 2H) = 8.4 Hz), 6.90 (d, 2HJ = 8.8 0.8 g
Hz), 3.75 (s, 3H);"*CNMR (100 MHz, DMSO€), 6 (ppm) o4 B
181.5, 164.7, 157.0, 150.2, 139.7, 132.0, 127.7, 121.8, 113.4, ’ §
55.3; HRMS (ESI) calcd for GH14N40,S 303.0916 (Mt H™), 02<
found 303.0910 (M4 H*). 1b: 'HNMR (400 MHz, DMSO-
00240 260 320 360 400 440 b

de), & (ppm) 10.83 (s, 1H), 9.80 (s, 1H), 9.74 (s, 1H), 8.77 (d,
2H,J=6.0 Hz), 7.85 (d, 2H) = 7.5 Hz), 7.28 (d, 2H) = 7.2
Hz), 7.14 (d, 2H,) = 8.4 Hz), 2.28 (s, 3H)}:*CNMR(100 MHz,
DMSO-ds), & (ppm) 181.3, 164.6, 150.2, 139.7, 136.6, 134.5,
128.6, 126.0, 121.8, 20.6; HRMS (ESI) calcd forl@;4N4,OS
287.0967 (M+ H™), found 287.0966 (Mt HY). 1c; 'HNMR
(400 MHz, DMSOsdg), 6 (ppm) 10.86 (s, 1H), 9.87 (s, 1H),
9.82 (s, 1H), 8.78 (d, 2HJ) = 4.0 Hz), 7.86 (d, 2H,] = 3.6
Hz), 7.43 (s, 2H), 7.34 (t, 2H = 6.2 Hz), 7.17 (t, 1HJ) = 5.8
Hz); 33CNMR (100 MHz, DMSOek), 6 (ppm) 181.1, 164.52,
150.2, 139.6, 139.1, 128.1, 126.1, 125.2, 121.7; HRMS (ESI)
calcd for G3H12N4OS 273.0810 (M+ H™), found 273.0807
(M + H*). 1d: HNMR (400 MHz, DMSOd), & (ppm) 10.89

(s, 1H), 9.98 (s, 1H), 9.90 (s, 1H), 8.78 (d, 2H= 4.8 Hz),
7.85 (d, 2H,J = 4.8 Hz), 7.70 (s, 1H), 7.50 (t, 1H = 7.6
Hz), 7.36 (d, 1H,J = 8.0 Hz), 7.30 (t, 1H,) = 7.8 Hz); 1>
CNMR (100 MHz, DMSOds), 6 (ppm) 181.0, 164.5, 150.2,
140.8, 139.5, 129.9, 128.1, 127.7, 124.6, 121.7, 120.4; HRMS
(ESI) caled for GsH1:BrN4OS 350.9915 (M+ H™), found
350.9918 (M+ H™). 1& HNMR (400 MHz, DMSO€s), &
(ppm) 10.92 (s, 1H), 10.06 (s, 1H), 10.02 (s, 1H), 8.79 (d, 2H,
J=6.0 Hz), 7.87-7.81 (m, 4H), 7.58 (t, 1H] = 7.8 Hz), 7.52

(d, 1H,J = 8.0 Hz);:*CNMR (100 MHz, DMSO€), 6 (ppm)

181.19, 164.5, 150.3, 140.0, 139.4, 129.6, 129.2, 128.9, 128.6,

125.3, 122.7, 121.7; HRMS (ESI) calcd fori#11F3N4OS
341.0684 (M+ H*), found 341.0679 (M- H*). 2d: HNMR
(400 MHz, DMSO#), & (ppm) 10.79 (s, 1H), 9.84 (s, 1H),
9.79 (s, 1H), 7.95 (s, 2H), 7.89 (s, 1H), 7.40 (s, 2H), 7.34 (t,
2H,J = 7.6 Hz), 7.18 (t, 1HJ = 7.2 Hz);*CNMR (100 MHz,
DMSO-dg), 6 (ppm) 181.1, 163.6, 139.1, 135.8, 134.3, 131.2,
128.1, 126.8, 126.3, 125.4; ESI-MS calcd foy4d:,CI,N3Og
341.2 (M+ HY), found 341.2 (M+ HT). 3: 'HNMR (400
MHz, DMSO-dg), 6 (ppm) 9.86 (s, 1H), 9.60 (s, 1H), 9.51 (s,
1H), 7.42 (d, 2HJ = 7.6 Hz), 7.33 (t, 2H,) = 7.2 HZ), 7.16

(t, 1H,J = 7.2 Hz), 1.89 (s, 3H)}*CNMR (100 MHz, DMSO-
de), & (ppm) 181.0, 169.2, 139.2, 128.0, 125.8, 125.1, 21.0;
HRMS (ESI) calcd for GH13N3:0S 210.0701 (M-H™), found

240 280 320 360 400 440
Wavelength, nm

Figure 2. Absorption spectra dfcin the presence of AcOin MeCN

(a), 50% HO—MeCN (c), and HO (d), and plots of absorbance of the
new band at 360 nm against anion concentration (b). Anions existed
in their n-Bus;N™ salts (a, b) and in N¥DAc for AcO™ (c, d). The
aqueous solution pH of 5.5 was tuned by using NaOH/HCI; here CI
was considered not to bind thc in agueous solutions since even in
MeCN no appreciable binding was observed (see Figure 1b).5

20 uM.

210.0703 (M+ H*). 4 1H NMR (400 MHz, DMSOds), 6
(ppm) 9.38 (s, 1H), 8.81 (s, 1H), 7.90 (d, 1Bl= 6.8 Hz),
7.66-7.58 (m, 2H), 7.17 (t, 2H) = 7.6 Hz), 7.12-7.05 (m,

5H), 6.36 (s, 2H), 6.28 (s, 3H), 3.38.29 (m, 8H), 1.07 (t,
12H,J = 6.6 Hz);13C NMR (125 MHz, DMSOds), 6 (ppm)
181.2, 166.3, 153.5, 150.8, 148.4, 138.7, 133.7, 129.5, 128.7,
127.6, 125.6, 125.6, 125.1, 124.2, 122.9, 107.9, 104.4, 97.0,
66.2, 43.7, 12.5; HRMS (ESI) for&H3Ns0,S calcd 592.2746

(M + H*), found 592.2754 (Mt H*).

3. Results

3.1. Absorption Spectra.Anion binding of la—e was first
examined in MeCNla—e exhibited in MeCN an absorption
band at ca. 267 nm. Upon introducing AcF—, and PO,
anions, a new and substantially red-shifted band at ca. 360 nm
was developed, together with a clear isosbestic point at ca. 240
nm. Figure 2a shows the absorption titration tracedoby
AcO~. Spectral data for other members btan be found in
Table 1. The appearance of a clear isosbestic point suggests
the formation of well-defined complexes betwelen-e and the
tested anions. Job plot analysis fad/AcO™~ interaction in
MeCN probed a 1:1 binding stoichiometry. The addition of other
anions such as ClO, NO;~, HSO,, CI—, Br~, and I induced
much less or no change in the absorption spectra (see, for
example, in Figure 2b the absorbance at 360 nmioés a
function of anion concentration). No such spectral changes were
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TABLE 1: Absorption Spectral Parameters of Receptors la-e and Receptor-Anion Binding Complexes, and Anion Binding

Constants in MeCN?

Ka. M—lb
R AR nnf Rco-, hf Ahy cmte AcO- F H.PO,~
la 263 358 10090 > 107 (2.084+ 0.40) x 10P (1.224 0.27) x 10F
1b 265 359 9881 > 10'f (6.47+ 0.20)x 1C° (5.59+ 0.14) x 10°
1c 267 360 9675 > 107" (6.63+ 0.60)x 1(° (7.90+ 0.80) x 10°
1d 270 360 9259 > 10'f > 10'f (1.65+ 0.36) x 10°
le 271 361 9199 > 107" > 107" (3.94+ 0.84)x 10°

2 Anions existed in thein-BusN " salts.” Binding constants of CI©, NO;~, HSQ,~, CI-, Br-, and I were not available because of the minor

spectral changé.Absorption maximum of receptot Absorption maximum of receptor-AcGomplex.¢ AcO™~ binding induced red shift in absorption
maximum.f Binding constant is too high to allow for a precise evaluation.

T
9.5 9.0 8.5 8.0 7.5 7.0
8, ppm

Figure 3. H NMR traces of titration by AcO of 1cin CDsCN. For
numbering of protons, see Figure 1c[ = 10 mM.

found in control experiments usingr(isonicotinyol)hydrazine,
a thiourea-absent analogue Id, suggesting that the spectral
changes observed fac resulted from anion hydrogen bonding
to its thiourea moiety. 313-15 Note that the new absorption band
of 1a—ein the presence of anions in MeCN located at360
nm could similarly be assigned to a charge transfer (CT)
absorption as done witN-benzamidothiourea counterpagt$*
The CT absorption of the anion complexeddbcated at longer
wavelength than that ¢f of 330—350 nm, suggesting a higher
electron withdrawing ability of theN-pyridine ring in 1
compared to thé&-phenyl ring in the reported membersaf*
3.2.’H NMR Titrations. Hydrogen-bonding nature of the
anion-receptor interaction was confirmediyNMR titrations
of 1cin CDsCN by AcO™ (Figure 3). Signals of the thioureido
NH protons inlc appeared at 8.74 and 8.04 ppm and of the
amido NH proton at 9.10 ppm, respectively. Addition of AcO
resulted in obvious changes in the thioureido NH signals.
Whereas it was hard to locate the! ignal, the peak area

and C-H6 protons next to the hydrogen-bonding site underwent
a downfield shift, whereas-€H1, C—H7, and C-H8 protons
that are a bit away experienced a moderate upfield shift, a profile
indicative of the hydrogen-bonding nature of the recepémion
interactiont®

3.3. Anion Binding Constant. Binding constants ofla—e
with anions in MeCN were evaluated by nonlinearly fitfthg
the absorbance of the new absorption band against anion
concentration, following a 1:1 binding stoichiometry that was
probed from Job plots (data not shown). From the data given
in Table 1, it is noted that the binding constantslaf-e with
AcO™ are over 10 M~* orders of magnitude, which are much
higher than those of the classi®N'-diphenylthioureas of 70
to 16 M. The high anion binding constantsd—ein MeCN
are characteristic dfi-(benzamido)thioureas: 15 Although the
extremely high binding constants of Ac@nd F do not allow
for a credible correlation with the Hammett constant of the
substituent X ¢x) at the N'-phenyl ring in 1la—e, those of
H,PO,~ do correlate linearly t@x by In Ky (HoPO,7) = 13.3
+ 3.740% (n =5, R=0.9221). The linear slope is higher than
that of N-phenylthioureas with AcOof 2.5215 again indicating
an amplification of the substituent effect on anion binding as
previously observed with-benzamidothiourea®2( Figure 1).

3.4. Anion Binding in Aqueous SolutionsSpectral titrations
by anions ofLl.c were then carried out in #0—MeCN of varied
water content. In 50% $0—MeCN of pH 5.5 for example, a
broad absorption band was observed at 263 nm with a shoulder
at 340 nm (Figure 2c). Upon incremental addition of AgO
absorbance at 340 nm increases at the expense of the 263 nm
band together with the appearance of an isosbestic point at 270
nm. Other anions such as FH,PO,~, and CI- were also
investigated. NaF and KO, lead to spectral changes similar
to NH4OAc, whereas NECI produces essentially no variation.
The solution pH was found to change by less than 0.3 units
during AcO titrations, indicating that the absorption change
did not result from pH variation. Spectral response was also
found at other water contents up to pure water solution and
detailed data for the absorption spectral parametefs@ind
1c—AcO~ complexes, andlc—AcO~ binding constants in
H,O—MeCN of varied composition can be found in Table 2.
Thelc—AcO™ binding constant indeed decreases gradually with
increasing water percentage, yet it is still as high asM0?*
orders of magnitude in pure water that actually ensures a

integral data suggested that the initial two thioureido NH signals Sensitive spectral response toward Ac@igure 2d). Mean-
probably merged into a single one, which then underwent while, the new CT absorption band shifts to the blue. We found

downfield shift to give a broadened and weakened signal at 9.47that both the energy (eV) of the CT absorption at-3380 nm

ppm at 5 equiv of AcO. The amido NH signal was too broad
to be followed. The dramatic downfield shift of the thioureido

and the logarithm of AcObinding constant varied linearly with
water volume fraction by equations bbcr (abs)= 3.55 +

NH signals suggested the hydrogen bonding of these NHs with 0.215 [HO] ([H20] > 0, n = 9, R = 0.9959) and InK, =

AcO~. Meanwhile, it was observed that the aromatie 2

12.14— 5.33 [HO] (n = 10, R = 0.9875), respectively. With



5108 J. Phys. Chem. B, Vol. 112, No. 16, 2008 Yang et al.

TABLE 2: Absorption Spectral Parameters of 1c and as AcO" are better solvated in water. Hefter ethinvestigated
é?ﬁcgiﬁoé“ﬁ'e?rva”d dlCV‘VAtCO_MB'lnd'Eg Ct‘?”St?nt in pH the thermodynamics of AcOtransferring from HO to H,O—
> FO7MeLN of varied Water Mofar Fraction Th.o MeCN mixtures. On the basis of the available data from this

max o max - AG, investigatiore! it was deduced that, over dpo range of 0.6-
HaO. o Ry ARipeon A Ka(fcO). ké?go;gl 0.95, desolvation of AcObecame 3.6 kJ mot more costly in
0 0 267 260 9675 =10’ free_energy for every 10.% incremen_tfirzo. Obviously, if only
01 024 265 347 8917  (1.680.14)x 106 —29.8 the increased cost of anion desolvation was operative, thet AcO
02 042 264 345 8893 (5.1 0.16)x 10 —26.9 binding constant ofLl.c would assume a 160-fold drop upon
8:‘31 8:22 ggj gﬁ g;gg g% 8:33& 1g :gié increasingfizo from 0.60 to 0.95. Experiments, however,
05 074 263 340 8611  (1.3D0.06)x 10* —235 showed that the binding constant decreased only by 10-fold from
06 081 260 338 8876  (8.890.43)x 10° —22.5 1.79x 10*to 1.75x 10® M1 (Table 2). We thus assumed that
07 087 258 336 8998  (2.780.29)x 10° -19.6 the presence of a hydrophobic microenvironment that is good
8:3 8:82 ggg ggi g?gg g% 8:ﬁg§ ig :ig:; for ar_mion binding com_pensated to some extent the free energy
1.0 1.00 245 329 10421 (LHO0.14)x 166 —17.4 cost in AcO™ desolvation.

a AcO™ existed as its Nkt salt.® Absorption maximum of receptor. . In order to obtain fgrther information on receptor gonforma-
¢ Absorption maximum of receptefAcO™ binding complexd AcO~ tion, the N-aromatic ring current effect on the chemical shifts
binding induced red shift in absorption maximum. of N'-phenyl CH protons iric and2awas monitored in BO—

CDsCN of increasing BO content. This was carried out by
J > 4 4 9 comparing changes in the chemical shifts with those in an
9 2 >-Q ) e N-acetamidothiourea control molecul® Figure 1) that has no
> 4.-. 9 .; such N-aromatic ring current effect. The solvent-polarity de-
e 9 Q“ “J" " . N pendent changes in the chemical shifts of Miephenyl CH
I 5 <& g g protons inlcand2acan be corrected by using thoseSirwhich
s g 9 J ’ V] bears noN-phenyl ring. If the two aryl rings inlc and 2a
? approach in polar solvents, the chemical shifts offth@henyl
aromatic protons would be affected by the ring current of the
(2) (®) N-aromatic ring, differing from the case B) whose aromatic
Figure 4. B3LYP/6-31G* optimized separate (a) and contractive (b) protons’ chemical shifts are only affected by the solvent polarity
conformations oflc. change. The differences in the chemical shifts ofth@henyl

B o o aromatic protons/A9) of 1cand2afrom those of3, respectively,
other members df, a sensitive spectral variation was similarly  5ce Jisted in Table 3. It is noted that the chemical shifts of

observed (see data given later in 70% and 90%-HVIeCN ortho-H (0-H), metaH (m-H), and paraH (p-H) at the N'-

solutions). phenyl ring oflc and2aindeed undergo gradual upfield shifts
with increasing RO content. These differences support the
approach of the two aryl rings ihc and2a in polar solvents,
Hydrogen bonding in general becomes weaker upon increas-which induces an increment of the shielding effect\dphenyl
ing solvent polarity, in the order of C€F CHCI3 > CH3CN protons by theN-aromatic ring currert?
> DMSO > CHOH > H,0.120 Anion affinity of a hydrogen- Variations of the binding constants dfc with anions of
bondlng-baseql neutral receptor is thus Io_vv in the highly polar varying hydrophobicity in HO—MeCN of increasing water
aqueous solutions. Weak hydrogen bonding in a polar solvent .qntent also suggest the contribution of a hydrophobic cleft
has been ascribed to strong anion solvation that lowers enthalpy,<s,med by the two aryl rings Irt. On the basis of the binding
gain from anior-receptor interaction by the enthalpy cost of . «onts of benzoate {8sC0O,"), acetate (CKCO,"), and
anion desolvatioA? The conformation of the receptor molecule propionate (CHCH,CO,") given ir; Table 4. it is clear ’that at
itself in highly polar solvent water, however, has not been paid | o'\ ~ter content, the binding consta,nt 0EHECO, ilc,

J o .
much attentiori=® Examining the molgcular structure of it smaller than that of CKCO,~ because of a lower electron
appeared that a less polar microenvironment afforded by thedensity in GHsCO,~. Upon increasing water content, however

approach of two aromatic terminals in polar solvents driven by S _ g .

hydrophobic interactiofd-2° likely contributed to their highly thhe b"}d'f‘g c%nstant OMEFCOZ beﬁnngfa&moDre_hyd;ophoblc

efficient anion binding in aqueous solutions. phenyl ring becomes close to that o . 2 and even
approaches that of G&H,CO,~, whose anion binding constant

4.1. Evidence for Hydrophobic Microenvironment Af- S _c .
forded by 1. Gas-phase molecular mechanics calculations at is higher than that of CKCO; * in a more polar medium because

the B3LYP/6-31G* leve indicated thatl.c assumed two stable  °f @ longer alkyl chain that has a stronger hydrophobic
conformations: separate and contractive (Figure 4). Despite a/nteraction with the less polgr microenvironment afforded by
lower calculated energy for the separate conformation in gasthe TecePtOf molecule. Obwou_sly, the apparent rate (.)f anion
phase by 5.11 kcal mot than that of the contractive conforma-  inding constants olc decreasing with water content in the
tion, the calculated dipole moment (7.23 D) of the contractive ©"der of GHsCO,~ < CHCH,CO,” < CHsCO;, " of decreasing

conformation is much higher than 4.55 D of the separate h_ydrophobicity (Figure 5) is in line with a hydrophobic binding
conformation. The contractive form was therefore expected to Sit€ afforded bylcin polar solvents.
be stabilized to a higher extent in polar solvents. The cleft thus  In agreement with this assumption is also the observation of
formed between two approaching aryl rings is obviously the anion binding ability of the structurally related aliphatic
hydrophobic, a microenvironment that is good for its hydrogen model molecule3 (Figure 1). Replacing one aryl ring ih by
bonding with anions. an aliphatic CH leads to3, whose anion (AcO, F, and
Water-content dependence of the anion binding con$tant H,PO,~) binding constants drop dramatically from 6191—1
supported this assumption. It is known that small anions such orders of magnitude in pure MeCN to extremely low values in

4. Discussion
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TABLE 3: Solvent-polarity Dependent Chemical Shift Differences Ad) between 1c, 2a and 3 in CBCN and D,O—CD3;CN

A9, ppm
o-H m-H p-H

20%D,0— 40%D,0— 20%D,0— 40%D,0— 20%D,0— 40%D,0—

CD:CN CDsCN CDsCN CD:CN CD:CN CDsCN CDsCN CD:CN CD:CN
1c 0.005 —0.0058 —0.028 0.009 0.00F —0.00F 0.012 0.004 —0.012
—0.0 —0.03 —0.00& —0.0r —0.008 —0.024

2a 0.014 —0.008 —0.017 0.002 —0.004 —0.004 0.002 —0.002 —0.019
—-0.019 —0.03r —0.006 —0.006 —0.004 —0.02F

2 A between those ofc and 3. P Change ofAd in 20% D,O—CD;CN
CD4CN. 9 Ad between those d?a and 3.

TABLE 4: Anion Binding Constants of 1c in pH 5.5

to that in CRCN. ¢ Change ofAd in 40% D,O—CDsCN to that in

TABLE 5: Receptor—AcO~ Binding Constants in pH 5.5
H,0—MeCN of Varied Water Volume Fraction

H,O—MeCN of Varied fiy0?

Ko ML Ka(AcO™), M1
Vi, R 0.20 0.50° 0.80°
% o CreCo: CHCRCO: GO, 1c (5.11+0.16)x 10' (1.30+ 0.06)x 10° (2.80+ 0.18)x 10°
10 024 (1.66:0.14)x 10° (L.21+ 0.54)x 10F (8.76+ 0.73)x 10* 2; (5.11+0.16)x (1. 06)x @ 18)x
50 0.74 (1.30+0.06)x 10° (1.6640.05)x 10* (1.26+ 0.08)x 10* 5n b ) )
80 092 (280£0.18)x 10° (6:75£059)x 10° (5.14:+055)x 10° ¢ (4.8640.33)x 10' (4.40+ 0.36)x 10 (5.024 0.77)x 1C°

a2 Anion existed in ammonium acetate, sodium propionate, and
sodium benzoate.
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Figure 5. Plots of binding constants 4t with CH;CO,~, CH;CH,CO;,,
and GHsCO;,~ in H,O—MeCN.

H,O—MeCN so that no noticeable anion binding could be
detected at a water volume content of only 10%.

4.2. Effect of —NH Acidity. 4.2.1. Thioureido-NH Acidity.
It should be noted that the anion binding ability of the hydrogen-
bonding site itself might still be a factor that influences anion
binding in water. The AcO binding constants dfa—e in H,O—
MeCN were found to be correlated linearly to the Hammett
constant of substituent (X) at ti&-phenyl ring by equations
In Ka = 9.50+ 0.620x (n =5,R=0.9915) and IrK, = 8.60
+ 0.86 0% (n = 5, R=0.9922) at water volume fractions of

2d (4.35+0.26)x 10 (1.43+0.05)x 10* (4.22+ 0.17)x 103
2e (1.29+0.21)x 10° (7.11+0.21)x 10° (1.35+0.38)x 10°

aThe water volume fraction in ¥—MeCN mixtures? Not available
because of the minor spectral change.
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Figure 6. Plots of absorbance of the new band at 340 nrhaafgainst
AcO~ concentration in a 50% #—MeCN mixture of varied pH. AcO
existed in NHOAc. [1c] = 20 uM.

properties of model molecul@a—e (Figure 1) were examined,
since a hydrophobic cleft could similarly be expected to form
between the two phenyl rings ida—e. We found that when
the substituent Y at the-benzamido phenyl ring & is H (2a)

or mCl (2b), no anion binding can be detected when the water
content was 20% (v/v) in ®D—MeCN (Table 5). Only when

Y is electron-withdrawing strong enough in the casof2e

do they show anion binding capacity inG—MeCN (Table

5). This implies that the amide-NH should be acidic enough

70% and 90%, respectively. This means that the anion binding to afford the capability of anion binding in aqueous solutions.
constant ofl increases with increasing electron withdrawing As the pyridine moiety irl can be acidified into pyridinium,

ability of X. It was therefore made clear that the acidity of the
thioureido—NH protons tunable by the substituent X was still
a factor influencing anion binding dfa—ein aqueous solutions,
as is the case witB in organic solvents such as MeCN, despite
being to a much lower exte#t.

4.2.2. Amido—NH Acidity.On the basis of the available linear
correlation between chemical shifts of the amiglNH protons
in N-(substituted-benzamiddy~phenylthioureas?) versus the
Hammett substituent constaritit was found that the pyridine
ring in 1c corresponded to a phenyl ring bearing a highly
electron-withdrawingpara-substituent of Hammett constant
0.75. In order to probe whether the amideNH acidity

which would consequently increase the acidity of the amido
—NH proton, anion binding ofic in 50% HO—MeCN was
tested under varied pH. With AcOand F of substantially
differed basicity, anion binding was found completely sup-
pressed when the solution pH was 3.5 or lower (Figures 6 and
7; similar profiles noted in pure water, data not shown).k& p
value of 3.67 was reported for the pyridinium in isonicotinamide
in water?®and a X, of 3.5 was determined fdrcin 50% HO—
MeCN from an absorption spectral titrations. Obviously, when
the pyridine N is protonated, the positive charge in the
pyridinium prevents its approach to tt-phenyl terminal as
the hydrophobic interaction is substantially weakened. In this

influences anion binding in aqueous solutions, the binding case, the less polar microenvironment does not exist any more
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Figure 7. Plots of absorbance of the new band at 340 nrbaagainst
F~ concentration in a 50% #—MeCN mixture of varied pH. F
existed in NaF. Ic] = 20 uM.

in 1c, and anion binding in agueous solutions is consequently

suppressed despite a more acidic amiedH.

The requirement that the amideNH proton inN-benzami-
dothioureas such asand2 be acidic enough to allow for an
efficient anion binding in HO—MeCN actually agrees with our

previous suggestion that upon anion binding to the thiourea
moiety in2, a hydrogen-bonding network is formed involving

the amido—NH proton and thiourea S atothAs an S atom is
not a good hydrogen bonding acceptor, the amiddH proton

Yang et al.

hoped that this clue would also be of significance for developing
smart thiourea-based organocataly8ts.
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