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N-(Ferrocamido)thiourea-Based Anion Receptors
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Abstract We extended our research on N-benzamidothiourea based anion receptors to N-ferrocamido-
thioureas and synthesized N-ferrocamido-N'-(substituted phenyl)thioureas (3a~3e, substituent X=p-OCH3,
p-CHs, H, m-Br, and m-CF3). In 3a~3e an electrochemically active ferrocene moiety was employed as an
aromatic counterpart of phenyl and —NH— was a spacer linking ferrocene signal reporter and the thiourea
binding-site. Cyclic voltammetric experiments carried out in acetonitrile indicated that the half-wave poten-
tials of 3a~3e of 0.31 V vs. Ag/AgNO; were independent of the substituent at N'-phenyl ring. It was found
that the 'HNMR chemical shifts of the aromatic protons at ferrocene moiety and the amido —NH proton in
3 did not, whereas those of the N'-phenyl aromatic protons and the thioureido —NH protons did vary when
the N'-phenyl substituent was changed. The azino N—N bond was hence concluded to be twisted that
blocked the electronic communication between the ferrocene moiety and thiourea anion-binding site. Yet we
experimentally observed that the oxidation potentials of 3a~3e shifted by ca. —200 mV in the presence of
anions such as CH3;CO, and F in acetonitrile and the chemical shifts of the ferrocene aromatic protons
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shifted to high field upon anion binding to the thiourea moiety in 3a~3e. A conformation change in the N—

N bond was hence assumed for 3a~3e upon anion binding. Absorption titrations indicated that anion bind-

ing to 3a~3e resulted in a new absorption band at ca. 315 nm with a spectral red-shift of 5820 em™ irre-

spective of the substituent. The spectral red-shift, anion affinity of 10° mol '*L orders of magnitude for

CH;CO, and F , and substituent effect on the anion affinity of 3a~3e were found much higher than those

of the corresponding traditional N,N'-diphenylthiourea counterparts (1). It was concluded that anion binding

induced conformational change in 3a~3e led to enhanced anion affinity and substituent effect on the anion

affinity, information indicative of allosteric character of the receptors and instructive for designing

N-arylamido-N'-arylthiourea based anion receptors. Results reported here further supported the advantages

of the “—NH—" spacer in N-benzamidothiourea-based anion receptors.

Keywords anion receptor; ferrocene; thiourea; allosterism; —NH— spacer; cyclic voltammetry
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3a: 'H NMR (DMSO-d,, 500 MHz) §: 9.769 (s, 1H,
NH), 9.643 (s, 1H, NH), 9.510 (s, 1H, NH), 7.292 (s, 2H,
ArH), 6.880 (d, J=8.0 Hz, 2H, ArH), 4.870 (s, 2H, FcH),
4.408 (s, 2H, FcH ), 4.285 (s, 4H, FcH), 3.736 (s, 3H,
CH;); “C NMR (DMSO-d,, 125 MHz) o: 181.313,
169.425, 156.581, 132.033, 127.219, 113.170, 73.816,
70.238, 69.521, 68.616, 55.159; HRMS calcd for
[C1oH20FeN;0,S "1 410.0626, found 410.0615.

3b: 'H NMR (DMSO-dg, 500 MHz) §: 9.782 (s, 1H,
NH), 9.688 (s, 1H, NH), 9.548 (s, 1H, NH), 7.330 (s, 2H,
ArH), 7.117 (d, J=7.0 Hz, 2H, ArH), 4.874 (s, 2H, FcH),
4411 (s, 1H, FcH), 4.285 (s, 2H, FcH), 2.274 (s, 3H,
CH;); “C NMR (DMSO-d;, 125 MHz) o: 181.048,
169.420, 136.600, 133.936, 128.392, 125.493, 73.801,
70.257, 69.526, 68.617, 20.478; HRMS caled for
[C1oH20FeN;0S ] 394.0676, found 394.0667.

3c: 'H NMR (DMSO-dg, 500 MHz) d: 9.801 (s, 2H,
NH), 9.621(s, 1H, NH), 7.476 (s, 2H, ArH), 7.317 (d, J=
7.5 Hz, 2H, ArH), 7.138 (t, J=7.5 Hz, 1H, ArH), 4.881 (s,
2H, FcH), 4.416 (s, 2H, FcH), 4.291 (s, 4H, FcH); "°C
NMR (DMSO-dg, 125 MHz) d: 180.943, 169.489, 139.164,
127.903, 125.446, 124.767, 73.744, 70.248, 69.505,
68.591; HRMS caled for [CisH;sFeN;OS “] 380.0520,
found 380.0535.

3d: '"H NMR (DMSO-ds, 500 MHz) J: 9.945 (s, 1H,
NH), 9.811 (s, 1H, NH), 9.731 (s, 1H, NH), 7.772 (s, 1H,
ArH), 7.553 (d, J=7.0 Hz, 1H, ArH), 7.322 (t, J=8.0 Hz,
1H, ArH), 7.277 (t, J=8.0 Hz, 1H, ArH), 4.881 (s, 2H,
FcH), 4.424 (s, 2H, FcH), 4.291 (s, 4H, FcH); °C NMR

(DMSO-d;, 125 MHz) d: 180.642, 169.375, 140.740,
129.579, 127.413, 127.141, 123.945, 120.095, 73.498,
70.162, 69.368, 68.462; HRMS calcd for [CisH;;BrFe-
N;0S"]457.9613, found 457.9625.

3e: '"H NMR (DMSO-d;, 500 MHz) 6: 10.019 (s, 1H,
NH), 9.857 (s, 2H, NH), 7.877 (s, 2H, ArH), 7.552 (s, 1H,
ArH), 7.483(s, 1H, ArH), 4.889 (s, 2H, FcH), 4.433 (s,
2H, FcH), 4.295 (s, 4H, FcH); °C NMR (DMSO-d;, 125
MHz) d: 181.004, 169.838, 140.142, 129.030, 127.338,
125.158, 122.994, 121.511, 121.130, 73.630, 70.408,
69.578, 68.674; HRMS caled for [C;oH;;F3FeN;0S "]
448.0394, found 448.0401.
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Table 1 Electrochemical parameters of 3a~3e in acetonitrile

X p-OCH; p-CH; H m-Br m-CF;

AE,=Ep,—Ep (mV)* 73 77 80 79 73
Epp=12(Epn+E) (V) 031 031 032 032 032

“ Ep, and Ej,. are CV oxidation and reduction peak potentials, respectively.

Supporting electrolyte is 0.1 mol*L™" n-BuyN*ClOs.
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Figure 2 Chemical shifts of the aromatic and ferrocenyl protons

as a function of para-substituent at N'-phenyl ring in 3a~3c
Note that the respective chemical shifts of ferrocene protons H,, H, and H, in

3d and 3e are practically the same as those in 3a~3c
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Figure 3 Linear correlation of the chemical shifts of —NH
protons in 3a~3e against Hammett constant of the substituent at
N'-phenyl ring

Curves 1, 2, and 3 represent respective correlation for thioureido —NH pro-
tons 1 and 2, and amido —NH proton 3. For numbering of —NH protons in
3a~3e see Figure 2. Note that with traditional N-phenylthioureas 1, the cor-
responding linear correlations for the thioureido —NH protons are 0=
0.6930x+9.75, and 6=0.5460x+9.77, respectively 221 The substituent de-

pendences of the thioureido —NH acidity in 1 and 3 are similar
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Figure 4 CVs of 3a in the presence of CH;CO, in acetonitrile
[n-BusNClO,]=0.1 mol*L ", [3a]=5.0X 10 * mol*L "
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Table 2 Electrochemical response of 3a~3e in the presence of
1 equiv. anion in acetonitrile

X AE= Ereceptor B Ecomplex (mV)H

p-OCH; p-CH; H m-Br  m-CF;
CH;CO; 190 190 230 210 190
F 220 220 240 250 250
H,PO, 10 8 15 12 20

“ AE is the difference of the oxidation potentials of free receptor (Erecepior) and

1 © 1 receptor-anion.
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Figure 5 Portions of the "H NMR spectra of receptor 3¢ (8.6 X
10* mol*L™") in DMSO-d; in the presence of increasing
CH;CO; concentration from curve a to h
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Figure 6 Absorption spectra of 3a in acetonitrile in the pres-
ence of increasing amount of CH,CO, . [3a] =2.0 X 107
moleL™!

Inset is the plot of the absorbance at 311 nm versus anion concentration. Cy-
cles in the inset are experimental data points and the line through them is a

nonlinearly fitted curve 224!
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Figure 7 Job plots of the absorbance at 314 nm versus molar
fraction of anion for the binding of CH;CO; to 3c in acetoni-
trile. [3c]+[ CH;CO; ]=4.0X 107> mol+L™"
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Table 3  Absorption parameters and anion-binding constants of 3a~3e
Receptor Anion-receptor complex
X Amax/NM &(cm 'emol ' *L) Amax/IM — Kf/(loé mol™'L) —
AcO F H,PO,
p-OCH; 263/450 1.5X10%240 311 0.22+0.04 0.5+0.1 0.017£0.003
p-CH; 265/450 1.6X10*260 312 0.7£0.08 1.0+0.2 0.05+0.008
H 265/450 1.4X10*300 315 2.8+0.3 79+1.1 0.08+0.01
m-Br 268/450 1.6X10%295 317 3.9+1.1 9.4+3.1 0.1£0.02
m-CF; 268/450 1.6X10%295 317 6.8£2.6 11.2%4.1 0.25+0.03
20 RIERON AT Ak 3 22 PRI, HI T4 5 KRS
m-§%5§3§£§§ SRR P B A1, JF LR LY
' BT NMR AL AR IR BT 145 A A2 ik, 2k
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Figure 8 Linear relationship between anion binding constant K,

04 05

of 3a~3e and the Hammett constant o, of the substituent in 3
K, was obtained by a nonlinear fitting against anion concentration of the ab-
sorbance of the new absorption band at ca. 315 nm of 3a~3e in the presence

of anion
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74 3 907 B N—N LB AR A ) ) B 1 5 3 L5 FH
5T I 455 BE AU S B 128 45 & e 0 i P g
J1, ABLT “—NH—"3E 5 1Bk k.
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