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Microwave-Assisted Synthesis of Novel Molecular Tweezers
Based on Deoxycholic Acid with Arm of Substituted Thiosemi-
carbazides

Xia, Zhenyang

Zhao, Zhigang™

Shi, Zhichuan Liu, Min

(College of Chemistry and Environmental Protection Engineering, Southwest University for Nationalities, Chengdu 610041)

Abstract Ten new molecular tweezers based on deoxycholic acid were synthesized in good yields by using deoxycholic acid
methyl ester as spacer to bridge different substituted thiosemicarbazides via triphosgene under microwave irradiation. Their
structures were charactetized by 'H NMR, IR, MS techniques and elemental analysis. The microwave method has distinct
advantages such as short reaction time, high yields and eco-friendly to the environment. The recognition properties of these
molecular tweezers for CI , Br , I, NO; anions were investigated by UV-vis spectra titration. The result indicated that this
type of molecular tweezers has good binding properties for anions.
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COOH iv
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5a R=
5¢c R= m-CH3CGH4

59 R = m-FCeH4

i
RHN—C—NHNH,

1

v COOCH;

Ph  5b R=0-CHyCgHy
5d R= p—CH3C6H4

5e R=0-CH30CgH; 5f R=p-CH30CgH,

5h R= p-FC6H4

5i R= p-ClCGH4

Reagents and conditions: (i) CS,, NH3*H,O; (ii) CICH,COONa; (iii) NoH4*H20O; (iv) CH3OH, CH3COCI; (v) triphosgene, CH,Cl,, pyridine, MW;

(vi) pyridine, intermediate 1, MW

Scheme 1

{%: Carlo-Erba-1106 #!; JEXt{: WZZ-2B H3IIEIGIL;
JE AN X4 TR 07RO s e A B RN 2
JE AR AR A 7] R 0 ) N gs XH-100A.

BT ARG o T b2 alisl b g, mklic Hy fEfi
GFasy: B S PEAL T 457, J67K CH,Cly: i CaH, [A]
WMBRIG, RVHTHZAEH; JoKmkrE: i KOH T4
24 h J5, AW 114~116 CHY: =t T
fh; (n-Bu),N T ARF A BRI B, (n-Bu),N'Cl-
h R TAT IR F2E 77, (n-Bu),N"Br 4 R}
Jedb TRAN) 47, (n-Bu)yNTNO3 4 Alfa Aesar /£,
R EAA 1R 3 $4SCiR[14, 15] 774 K.

1.2 5 FiHt ba~5) BRRA RS RIE

7E 50 mL = #UfH In A 0.2 g (0.5 mmol) it 45 HH R FH
figH IA] 1A 3, 10 mL J5/K CH,Cly, 0.2 mL JE/KAERE, 0.11 g
(0.37 mmol) =K, F =B TB I, B FRCA
TIRE A EE, T 150 W RN 10 min, 7Y
WA R B, AN 1.2 mmol A4 1 F10.2 mL
JCIKMERE, 2k 870 AH [F] D 28T Sk w5 IR e Y. 10~
15 min (TLC W N EEFE). RV 58RO, k28 2%
CH,CL, AN 20 mL 8 ZBevsi, kg, e
10 mL 418 ZEeSesk, S 08, Kk 5% NaHCO;
(15 mL X 3), MWAIEEh/K(15 mLX3)UE%, J/K Na,SO,
T, T UE, Pk IR, AT ST A B Al A A
fERE H, PEMEFIA VA EE) © V(CH;COOC,Hs)=8 :
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1~1 @ 1]f3405.

30,120 L [(N-28 2 -N'- 8 24 HH e 4 2% ) | 3 R -5,8-24-
RHGERR FF G (Sa): Wt dh ik, R 83%. mp. 75~76 C;
[a]y) —26.32 (¢ 0.12, CH,CL); '"H NMR (CDCl;, 400
MHz) 6: 10.51 (s, 1H, NH), 10.12 (s, 1H, NH), 8.44 (s, 1H,
NH), 8.26 (s, 1H, NH), 8.01 (s, IH, NH), 7.79 (s, IH, NH),
7.52~7.20 (m, 10H, ArH), 5.03 (brs, 1H, 125-H), 4.63
(brs, 1H, 34-H), 3.60 (s, 3H, COOCH3), 0.94 (s, 3H,
19-CH3), 0.80 (d, J=6.4 Hz, 3H, 21-CHs), 0.72 (s, 3H,
18-CH3); IR (KBr) v: 3288 , 2926, 2867, 1723, 1596, 1545,
1256 cm'; ESI-MS m/z (%): 793 [(M~+H)", 100]. Anal.
caled for C4Hs6NgOgS,: C 62.09, H 7.12, N 10.60; found
C 62.21,H 7.13, N 10.62.

30,120 - [(N-41 FJE K N5 56 P i 4 32 ) 1t O -
5B-24-NHLE R FR(Sb): B g4, W% 82%. m.p. 96~
97 °C; [alh +36.36 (¢ 0.10, CH,Cl,); 'H NMR (CDCl,
400 MHz) &: 10.47 (s, 1H, NH), 10.01 (s, 1H, NH), 8.19 (s,
1H, NH), 7.84 (s, 1H, NH), 7.66 (s, 1H, NH), 7.45 (s, 1H,
NH), 7.26~7.11 (m, 8H, ArH), 4.97 (brs, 1H, 128-H),
4.68 (brs, 1H, 34-H), 3.66 (s, 3H, COOCHj3), 2.33 (s, 3H,
ArCHj), 2.26 (s, 3H, ArCH3), 0.95 (s, 3H, 19-CH3), 0.79
(d, J=6.4 Hz, 3H, 21-CH;), 0.71 (s, 3H, 18-CH;); IR
(KBr) v: 3359, 2930, 2865, 1728 1527, 1456, 1221 cm ';
ESI-MS m/z (%): 843 [(M+Na)", 100]. Anal. calcd for
C3HgoNgO6S: C 62.90, H 7.37, N 10.24; found C 62.73, H
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7.39, N 10.22.

3,120~ . [(N- 1) B 35 2 - N - 2, R I 4 ) 1 MR -
5B-24-0HE I8 TR (Se): Sk ta ik, W 86%. mp. 111~
112 °C; [a]y +28.17 (¢ 0.11, CH,CL,); "H NMR (CDCl,
400 MHz) &: 10.39 (s, 1H, NH), 10.00 (s, 1H, NH), 8.20 (s,
1H, NH), 7.83 (s, 1H, NH), 7.64 (s, 1H, NH), 7.46 (s, 1H,
NH), 7.16~6.89 (m, 8H, ArH), 5.04 (brs, 1H, 124-H),
4.65 (brs, 1H, 34-H), 3.61 (s, 3H, COOCHj3), 2.31 (s, 3H,
ArCHj;), 2.25 (s, 3H, ArCH3), 0.92 (s, 3H, 19-CH;), 0.77
(d, J=6.4 Hz, 3H, 21-CHs), 0.70 (s, 3H, H-18); IR (KBr)
v: 3363, 2928, 1724, 1596, 1547, 1231 cm™'; ESI-MS m/z
(%): 821 [(M+H)", 100]. Anal. calcd for C43HgN¢O4S,: C
62.90, H 7.37, N 10.24; found C 62.99, H 7.35, N 10.26.

30,120~ [(N-X FF G R I - V- 28 e PP I 4 ) 16 DK -
5B-24- IR BE 18 FH G (Sd): 5 (5 ih 4, % 85%. mup.
122~123 °C; [a]h +26.14 (¢ 0.12, CH,Cl,); '"H NMR
(CDCls, 400 MHz) 6: 10.46 (s, 1H, NH), 10.02 (s, 1H,
NH), 8.21 (s, 1H, NH), 7.84 (s, 1H, NH), 7.66 (s, 1H, NH),
7.45 (s, 1H, NH), 7.32~7.10 (m, 8H, ArH), 5.01 (brs, 1H,
128-H), 4.60 (brs, 1H, 34-H), 3.61 (s, 3H, COOCH3), 2.35
(s, 3H, ArCHs), 2.27 (s, 3H, ArCHj3), 0.90 (s, 3H, 19-CHj),
0.79 (d, J=6.4 Hz, 3H, 21-CHj), 0.69 (s, 3H, H-18); IR
(KBr) v: 3290, 2939, 2867, 1728, 1597, 1526, 1217 cm " ';
ESI-MS m/z (%): 821 [(M+H)", 100]. Anal. calcd for
C43HgoNgO6S: C 62.90, H 7.37, N 10.24; found C 62.76, H
7.39,N 10.21.

30,120 [(N-41 FP A R L -V B Y 406 )
JIR-53-24- U ¢ I PPV G (See): 3% €4 Al 44, WAC% 82%. mup.
110~111 C; [a]y —41.67 (¢ 0.14, CH,Cl,); '"H NMR
(CDCls, 400 MHz) 6: 10.23 (s, 1H, NH), 9.98 (s, 1H, NH),
8.25 (s, 1H, NH), 7.87 (s, 1H, NH), 7.63 (s, 1H, NH), 7.47
(s, 1H, NH), 7.65~6.98 (m, 8H, ArH), 5.05 (brs, 1H
128-H), 4.64 (brs, 1H, 3p-H), 3.89 (s, 3H, ArOCHj), 3.86
(s, 3H, ArOCH,), 3.63 (s, 3H, COOCH3), 0.89 (s, 3H,
19-CH3), 0.77 (d, J=6.4 Hz, 3H, 21-CH;), 0.68 (s, 3H,
H-18); IR (KBr) v: 3438, 2963, 2867, 1731, 1544, 1461
1241 em™'; ESI-MS m/z (%): 853 [(M+H)", 100]. Anal.
calcd for C43HgoNOsS,: C 60.54, H 7.09, N 9.85; found C
60.40, H 7.11, N 9.88.

30,120~ [(N-X] FVAR BE R - N U FF I 460 338 ) 1
% -55-24- IH £ 18 F B (SF): SR (0 1A, IR 84%. mup.
135~136 °C; [a]y —29.43 (¢ 0.12, CH,Cl,); '"H NMR
(CDCls, 400 MHz) 6: 10.45 (s, 1H, NH), 10.02 (s, 1H,
NH), 8.27 (s, 1H, NH), 7.89 (s, 1H, NH), 7.65 (s, 1H, NH),
7.49 (s, 1H, NH), 7.56~6.99 (m, 8H, ArH), 5.02 (brs, 1H,
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128-H), 4.64 (brs, 1H, 34-H), 3.87 (s, 3H, ArOCH;), 3.84
(s, 3H, ArOCHj3), 3.64 (s, 3H, COOCH3), 0.91 (s, 3H,
19-CH3), 0.78 (d, J=6.4 Hz, 3H, 21-CH;), 0.69 (s, 3H,
H-18); IR (KBr) v: 3362, 2936, 2867, 1727, 1517, 1458
1233 cm”™'; ESI-MS m/z (%): 851 [(M—H)", 100]. Anal.
calcd for C43HgoNeOgS,: C 60.54, H 7.09, N 9.85; found C
60.63, H 7.08, N 9.82.

30,120 [(N- 1] 36 % B -N'- 2 s P Ik 4 66 ) ) it O -
5B-24-04E I8 T R(Sg): B ik, 1% 81%. mp. 97~
98 °C; [a]h +65.22 (¢ 0.13, CH,Cl,); 'H NMR (CDCls,
400 MHz) §: 10.55 (s, 1H, NH), 10.24 (s, 1H, NH), 8.40 (s,
1H, NH), 8.05 (s, 1H, NH), 7.73 (s,1 H, NH), 7.55 (s, 1H,
NH), 7.31~6.96 (m, 8H, ArH), 5.07 (brs, 1H, 124-H),
4.65 (brs, 1H, 34-H), 3.61 (s, 3H, COOCHj3), 0.95 (s, 3H,
19-CH3), 0.82 (d, J=6.4 Hz, 3H, 21-CH;), 0.73 (s, 3H,
18-CH3); IR (KBr) v: 3273, 2943, 2869, 1723, 1608, 1541,
1233 cm™'; ESI-MS m/z (%): 829 [(M~+H)", 100]. Anal.
caled for C4HssFoNgO6S,: C 59.40, H 6.57, N 10.14;
found C 59.51, H 6.58, N 10.11.

30,120~ - [(N- R G R F -N'- 28, 5 F I 4 66 ) 1 ot IR -
56-24- N L2 1% H1 B (Sh): o (A g ik, 0% 83%. mup.
124~125 °C; [a]y —12.85 (¢ 0.15, CH,CL,); '"H NMR
(CDCls, 400 MHz) &: 10.40 (s, 1H, NH), 10.09 (s, 1H,
NH), 8.45 (s, 1H, NH), 8.01 (s, IH, NH), 7.80 (s, |H, NH),
7.61 (s, 1H, NH), 7.39~6.99 (m, 4H, ArH), 5.04 (brs, 1H,
128-H), 4.59 (brs, 1H, 34-H), 3.60 (s, 3H, COOCHj3), 0.93
(s, 3H, 19-CH3), 0.81 (d, J=6.4 Hz, 3H, 21-CH,), 0.70 (s,
3H, 18-CHs); IR (KBr) v: 3279, 2939, 2867, 1726, 1512,
1444, 1219 cm™'; ESI-MS m/z (%): 829 [(M+H)", 100].
Anal. calcd for C4Hs,FoNgOgS,: C 59.40, H 6.57, N 10.14;
found C 59.49, H 6.55, N 10.16.

3a,120- [(N o G R N G TR AR L ) 1
56-24- IR JE 2 Y IR (Si): A€o di A4, Wi 84%. mup.

70~71 C; [a]y +35.01 (¢ 0.14, CH,Cl,); '"H NMR
(CDCls, 400 MHz) &: 10.54 (s, 1H, NH), 10.22 (s, 1H,
NH), 8.42 (s, 1H, NH), 8.02 (s, IH, NH), 7.74 (s, |H, NH),
7.51 (s, 1H, NH), 7.46~7.21 (m, 8H, ArH), 5.00 (brs, 1H,
128-H), 4.63 (brs, 1H, 128-H), 3.63 (s, 3H, COOCH,),
0.96 (s, 3H, 19-CH3), 0.84 (d, J=6.4 Hz, 3H, 21-CH;),
0.73 (s, 3H, 18-CH3); IR (KBr) v: 3427, 2930, 2867, 1729,
1662, 1534, 1276 cm”'; ESI-MS m/z (%): 861 [(M+H)",
100]. Anal. calcd for C4;Hs4CINgOgS,: C 57.13, H 6.31, N
9.75; found C 57.25, H 6.30, N 9.77.

30,120~ [(N-1-Z53E-N"- 2 5 FF I A 258 ) B IR -5,8-24-
JHAERR HBE(S): 2 ik, % 86%. m.p. 121~122
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C; [alh) —45.45 (¢ 0.10, CH,Cl,); "H NMR (CDCl;, 400
MHz) d: 10.54 (s, 1H, NH), 10.22 (s, 1H, NH), 8.49 (s, 1H,
NH), 8.28 (s, 1H, NH), 8.04 (s, 1H, NH), 7.81 (s, 1H, NH),
7.91~7.38 (m, 14H, Naphthyl-H), 5.04 (brs, 1H, 124-H),
4.69 (brs, 1H, 34-H), 3.65 (s, 3H, COOCHj,), 0.94 (s, 3H,
19-CH3), 0.79 (d, J=6.4 Hz, 3H, 21-CH;), 0.71 (s, 3H,
18-CH3); IR (KBr) v: 3423, 2964, 2867, 1726, 1525, 1450,
1277 em™'; ESI-MS m/z (%): 893 [(M~+H)", 100]. Anal.
calcd for C4HgoNO¢S,: C 65.89, H 6.77, N 9.41; found C
65.78, H 6.78, N 9.43.
1.3 $Filt ba~5] IEME BIEE

7E 50 mL = #UfH InA 0.2 g (0.5 mmol) it S5 HH R FH
figHh IA] 44 3, 20 mL 57K CH,Cl,, 0.2 mL JE/KAERE, 0.11 g
(0.37 mmol) =8, LA T AR, Rl R
N6 h, IAMATCIS: B, fF RNV IR =0, ERE
A 1.2 mmol HRJ4A 1 A1 0.2 mL Jo/KIEEE, 4REE NI
V. 24~30 h (TLC Y S NEERR). [N 5e i), Wik 78
2 CH,CL, % AWIINAN 20 mL 418 s mR, g, JE
#H 10 mL 418 LBevEs, &I, KX 5% Na-
HCO; (15 mLX3), 1A E#K1S5 mLX3)sEEk, JK
Na,SO, T4, 1hiE, WUk LR, HET o e aith [
SE AR H, PEREHIA VA ) @ 7(CH3COO- CyHs)
=8:1~1: 1]{54/%.
1.4 RFIHEEENR

LS TR A, e B4k TR S 1X
10 °~10X 10> moleL ™" [ (H = AR BEIR W 6 R £k
ANV SE BT L WO BE (R N, AW & AR gy 7, I
WRPEAE 1074 ~107° moleL ™" [HJZEAL, 5 %41 FC & 0ws
WA, AR ER A WERINX T, K
FHAR AR BE ) 2 AR R T E S L, TR R FERR AR AR Ak
XTI IE I, AR I ARAL S DI SRR
i 100 pL. W@ B HIAE(2520.1) °C, WOGRE B2
AL 0.002.

2 GR5HR
21 WA SEMEE K BIRY 5a~5) HIXTEE

PR R AT 6 i H AR Sa~5j NI [R]
FERIITR 1 MR 1 aUEH, kS A% miG
WAL, BAT LR ()OI KT 84~91
B, KKZERE T NI )5 (2) H AR 27 BH 107 545 2 4L
KIHET, OB R AE 81%~86% 17, 1ifL4:n
PILIIF=RAE 34%~45% 2 (8], 3K 3 IS DR R I s
FE NPT 53T (R N R IEAT I, FAT AR g A vz, m]
AR K -l BRI (1) 6 A B, A8 J 8 308 5 K L 8 v
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TR S R I TR e, DAL R S 2, s 2, i
PR T RO LG, A ILAS N, 2 0L
TN, KRR 2, R, BT AR
PR R 25 AF T, T =D R RIS KD, K
i, AR, A% %A, S i
AR FERUIR L SRR 73 14 R 4 T 1%

R PBEES HRES A bR 5a~5j IILEEL

Table 1 Synthetic comparison of products 5a~S5j between

microwave irradiation and conventional heating

Compd. Method* tmin  Yield/%  tc/tyw®
S
s MR
“ G P oE
W GeoMoE
WG M r
S W
T
s s
I
T G W2

© 2013 Chinese Chemical Society & SIOC, CAS

”thc: FEGEMATTIE, MW: BRI, Ptc/taw: WIRIINBA T 5T I ) 2
2.2 Birtk&Y 5a~5) BILEHIFRIE

7F 'THNMR %, 6 10.50~7.60 A B A IR
1) NH (a0 %, i B 500 4 T AN IR S5
TAL IR 45 4 BT IE R AE 54K 1, 6 7.40~6.90 LA % &
e Ry B G TR IR G544 T 5 IR 22 ;. E IR %A
W, KZILE 3300 om ' BT ISR N—H B 045 dR
SR, 7E 1700 em™ ' BT LB IRIE(C=0) R
Ay AT E T L, A S RS
TETYE, L mz SN T FRE 3. ot
FONTE IR R, BT A ALk s A

g LR, th &Y 5a~5 AT e R £
BT S, RFPTEIMCED N BAEED.
23 FEREKEEYHEERELEITE

TE AN G S b, [ AR TR IR
A RV INNAS R S R A B i, B
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RS FIARKTINN, 32 A o T 1 f R 2 A P
B, RIEARD T HEN AR 72404 TR &
PR, SLR AR L 1. fR 4 Bq. 1, #E[G]o>>
[Hlo i, LA 1[Gl XS 1/AA 1R, P45 REFIZPE G R,
LLArF4lE SE o), s8R 2 B, R CU 5 E4hy
T TIRMECSER, JPER 101 RES TS
Wy, AR L 10 A R R H B LA 0 45 R A
(Ky), FHRYE Eq. 2 THEH A HBEZIL(—AG). F4k%
T4t 5e, 5f, Sh % C1, Br, I, NO; A& 145 &0 5
(K)F1 A HHBEZEL(—AGY)H T3 2.

1 1 1
VTR (1)
A aK,[G]ly a
AG’=—RTLnK, )

1.500

Caest/(10* mol-L

Absorbance

0.000 + T T T T T {
200.00 220.00 240.00 260.00 280.00 300.00 320.00

Anm

B 1 5f FIA®-Bu), N ClI () UV i E
Figure 1 UV spectra of 5f in the presence of (n-Bu)y N"Cl~
Jax =258 nm; Cs: 9.4X10° moleL™'; C(CI7): 0, 1.80X 10 *, 3.60X
107, 5.40X10°%, 7.20X10 %, 9.00X10 %, 10.80X 10, 11.60X10 *,
13.40X107% 15.20X 10 #, 18.00X 10 * molsL "'

100 -
80 1
60 1
3

40 A1 >

20 1

0 T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000

1/[G]¢/(L-mol")

B2 25 CIf CHCly 4374 5f Li(n-Bu)y N"Cl I 54
(1] 1/A4 %} 1/[G)o 17

Figure 2 Typical plot of 1/A4 versus 1/[G], for the inclusion
complex of molecular tweezer 5f with (n-Bu), N"Cl™ in CHCl;
at25 C
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&2 25 CINAE CHCL ¥4 T4l Se, 5f, Sh S1& 1/
IS A IR 454 B K R R R A (— AGY)

Table 2 Association constants (K,) and Gibbs free energy
changes (—AG") for the inclusion complexes of anions with mo-
lecular tweezers Se, 5f, Sh in CHCl; at 25 C

© 2013 Chinese Chemical Society & SIOC, CAS

Host Guest K/(L\mol ') —AG"/(kJemol ")
cr 1112.00 17.37
Br 699.15 16.22
Se I 791.56 16.53
NO; 304.31 14.17
cr 2720.69 19.58
Br 929.42 16.93
st N 1106.97 17.36
NO; 248.12 13.44
cr 1678.60 18.39
Br 279.62 13.95
o I 542.47 15.60
NO; 221.52 13.37

B 2 WHH, XRFESTERNIETFEAR
WHrRAEE ), EARSIEWIER T 111 TS
G, P AR B2 S 1 R A 9 B B R A i A
K/ANRFH: CI>1 >Br > NO;5 , HFK N NO3 &
SRS, SRR R, RO . CL,
I, Br Z2EIEE T, fieS AR MUCHS, 4 Cl
T T, Br K, fehy F477 A Rm M S A EH,
VORI, 1 T EFEAL Br K, WS EM4ERK
S RE B (T S R AR A B R s S A
FYIRR), BECR TAET Br, FrbO B e 111K
SIEFEPE SR A CLU >1 >Br > NO; . Hk, FAR45H
IIBRINEA, X856 BAEAE R I, W 44 Se,
SF T 55 P8 OCH; AT B9 A T 55 P PR AR A RN %
iy, HF ClU 45 & % 0 7 h 1112.00, 2720.69
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