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Synthesis of novel alkoxycarbonyl thiosemicarbazide molecular tweezers
derived from deoxycholic acid under microwave irradiation
Yu Chen, ZhiGang Zhao*, XingLi Liu and ZhiChuan Shi

College of Chemistry and Environmental Protection Engineering, Southwest University for Nationalities, Chengdu 610041, P R. China

A series of novel 12a-alkoxycarbonyl thiosemicarbazide molecular tweezers based on 3a-(1-naphthoyl) deoxycholic
acid methyl ester were synthesised under microwave irradiation. Their structures were characterised by 'H NMR, IR,
MS spectra and elemental analysis. Their chiral recognition properties for the methyl esters of amino acids were
investigated. The preliminary results showed that these molecular tweezers have good enantioselective recognition

for D/L-amino acid methyl esters.
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The study of the recognition of the amino acid components
of proteins is an important aspect of various fields of the chem-
istry.'> Among the various types of artificial receptors which
have been designed are a new class of molecular tweezer
derived from the steroid cholic acid. This is an ideal building
block for the construction of molecular tweezers based its
organized structural characteristics.> In recent years, some
molecular tweezers based on steroidal cholic acid have been
designed and synthesised.'®!" To the best of our knowledge,
however, the synthesis and recognition of molecular tweezers
based on deoxycholic acid containing alkoxycarbonyl thios-
emicarbazide unit in which three NH groups are directed
towards the centre of the cavity, has not been reported. The
NH group can hydrogen bond with substrates in the process of
molecular recognition.

The application of microwave techniques for organic syn-
thesis has attracted considerable interest in recent years.'*' It
provides a unique chemical process with special attributes
such as ease of manipulation, enhanced reaction rates, clean
reaction outcomes and high yields. In view of this, we report a
simple, safe and rapid synthetic method of artificial receptors
based on deoxycholic acid containing alkoxycarbonyl
thiosemicarbazide unit. In addition, avoiding the use of toxic
phosgene, triphosgene was used in the synthetic process.
This provides a safe and eco-friendly synthetic process for
these molecular tweezers. The synthetic route is shown in
Scheme 1.

Result and discussion

As shown in Scheme 1, deoxycholic acid 1 was converted
to methyl 30,120-dihydroxy-7-deoxy-5B-cholan-24-oate 2
following a reported procedure."

As shown in Scheme 2, intermediates 8a-1 were obtained
following the previous method.'®

The melting point of substituted
8a-1'-? is shown in Table 1.

We took the synthesis of Sa and carried out several experi-
ments under different conditions, such as microwave irradia-
tion power, time and solvent to obtain the best results of this
reaction. The typical results are shown in Tables 2-5.

As shown in Table 2, we irradiated the reaction using differ-
ent powers for the same reaction time (12 min). As a result,
240 W was identified as the optimum power.

As shown in Table 3, we found that 12 min was the optimum
reaction time when the yield was the highest under the same
power (240 W). However, more byproducts were obtained
when the reaction time was increased.

CH,Cl,, CHCI; and THF were compared to evaluate the
solvent effect on the reaction. Different solvents were employed
under the similar reaction conditions, and the results are shown

thiosemicarbazides
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in Table 4. Considering CH,Cl, is less toxic than CHCl;, THF
and easily removed than the other two solvents, we conclude
that CH,Cl, is the best solvent in this reaction.

As shown in Table 5, we compared the synthesis of molecu-
lar tweezers 5a-l by microwave irradiation and conventional
heating. Compared to conventional thermal heating, micro-
wave irradiation greatly decreased the reaction time from
300-540 min to 12-15 min. It was obvious that yields were
increased from 65-85% to 89-94%. From these data, we con-
clude that microwave irradiation method is a rapid, efficient,
and environmentally friendly methodology.

The recognition by the molecular tweezers Sh, 5j for some
amino acid methyl esters has been investigated by UV-Vis
spectra titration in CHCl; at 25 °C. The titration data were
analysed by using the Hildebrand—Benesi equation.?” The plot
with 1/AA versus the 1/[G,] gave a straight line (Fig. 1), sup-
porting the stoichiometry of 1:1 host—guest complexes. Using
the linear fitting method, we obtained the associate constants
of complex. The results indicate that molecular tweezers Sh, 5j
not only recognise all amino acid methyl esters examined but
also exhibit higher selectivity for D—amino acid methyl esters.
The association constants of molecular tweezer Sh, for
instance, are 242.45, 253.04 L-mol~! for D-Phe-OMe, D-Tyr-
OMe, while the constants of Sh are 98.05, 72.30 L-mol™! for
L-Phe-OMe, L-Tyr-OMe. The K/K, is 2.47 and 3.50 respec-
tively. The UV-Vis plot of 5h for D-Tyr-OMe is shown in
Fig. 2.

The enantioselective recognition of molecular tweezers Sh,
5j for some amino acid methyl esters has also been investi-
gated by computer-aided molecular modelling using Chem 3D
program. When the host 5h at the minimum energy, its confor-
mation is a tweezer type, which has the ability to form com-
plex with guest molecules. The minimum energy conformation
of 5h is shown in Fig.3. The chiral recognition ability comes
from the inherent asymmetry of deoxycholic acid, and the
main recognition driving forces are the hydrogen bonding and
n—m stacking interaction between the host and guest molecules.
The details of molecular tweezers Sa-l1 are under further
studies.

Experimental

Melting points were determined on a micro-melting point apparatus
and are uncorrected. IR spectra were obtained on 1700 Perkin-Elmer
FTIR using KBr disks. '"H NMR spectra were recorded on a Varian
INOVA 400 MHz spectrometer using CDCI; as solvent and TMS
as internal standard. Mass spectra were determined on Finnigan
LCQPECA instrument. Elemental analysis was performed on a Carlo-
Erba-1106 autoanalyzer. Microwave irradiation was carried out with a
MCL-3 microwave oven at full power (700 W), which was modified
from domestic microwave oven and tested to conform to the per-
formance index before use. All the solvents were purified before
use. Optical rotation was measured on a Wzz-2B polarimeter. All the
solvents were purified before use.
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Scheme 1 Synthetic route of molecular tweezers 5a-l. Reagents: i, CH;0H, CH;COCI; ii, 1-naphthoyl chloride, K,CO;;
iii, CH,CI,, triphosgene, pyridine; iv, substituted thiosemicarbazide, pyridine.
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Scheme 2 Synthetic route of substituted thiosemicarbazides 8a-l.
Table 1 The melting point of substituted thiosemicarbazides Table 2 The effect of microwave powers on yields
8a-1
Power/W 100 150 200 240 300 350
Product Formula M.p./°C Lit. m.p./°C -
Yield/% 64 70 85 93 89 80
8a C,HgN;CIS 126-127 125"
8b CgH::N,08 157-158 1611 ) S )
8¢ CgH1;N,0S 155-156 15910 Table 3 The effect of microwave irradiation time on yields
8d C,H0N;S 137-138 136-138%° - .
ge CHANS 135-136 1381397 Time/min 10 11 12 14 18 20
8f C;HgN;BrS 141-142 1407 Yield/% 76 87 93 90 85 81
8g CgH,:N5S 135-136 137%
8h C,HgN5FS 137-138 1382
8! C;HoN;0S 160-162 1602: Preparation of compound 3; general procedure
glk gvﬂsmagg 1@2‘122 lgg 1657 1-Naphthoic acid (1.2 mmol) was added to SOCI, (3 mL) and 1 drop
70181 N3 a — _ . .
8l CoH.N,0S 147-148 15228 of dry DMF at room temperature. 1-Naphthoyl chloride was obtained

after refluxing 3 h in 65 °C. The excess SOCI, was removed under
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Table 4 The effect of solvent on yields

Entry Solvent Yield/% Volume of solvent/mL
1 THF 60 20
2 CH,CI, 93 10
3 CHCl, 90 10

Table 5 Synthetic comparison of molecular tweezers 5a-5I1
between microwave irradiation and conventional heating

Comp. Conventional method  Microwave method tc*/tyw®

t/min Yield/% t/min Yield/%
5a 480 67 12.0 93 40
5b 540 80 12.0 92 45
5¢ 480 65 13.0 91 37
5d 540 70 12.0 92 45
5e 360 79 15.0 90 24
5f 480 81 12.0 90 40
5g 480 85 12.0 94 40
5h 300 79 14.0 92 21
5i 300 82 15.0 89 20
5j 480 78 12.0 92 40
5k 540 80 13.0 91 42
51 480 76 12.0 92 40

Tc?, time of conventional heating method; Ty,°, time of micro-
wave irradiation method.
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Fig. 1 Typical plot of 1/AA vs the 1/[G,] for the inclusion
complexation of tweezer 5h with D-Tyr-OMe in CHCl, at 25 °C.

reduced pressure, then mixed with the methyl 3a,120-dihydroxy-7-
deoxy-5B-cholan-24-oate (1 mmol). The reaction mixture was irradi-
ated for 5 min at 460 W using solid K,CO; as a support. The reaction
was monitored by TLC until it was completed. After cooling to room
temperature, the reaction mixture was extracted with ethyl acetate
(10 mLx3). The organic layer was washed successively with 10%
NaHCO; (10 mLx3), brine (10 mLx3), and finally dried over anhy-
drous Na,SO,. The solvent was evaporated to give the crude product.
The crude product was purified by column chromatography on silica
gel H with dichloromethane/ethyl acetate as eluant. The physical and
spectra data of the compound 3 are as follows.

3: White crystals, yield 89%, m.p. 42-43 °C; [a]¥ +21.4 (¢ 0.15,
CH,Cl,); '"H NMR (CDCl,, 400 MHz, 6 ppm): 8.87 (d, J = 8.4 Hz, 1H,
ArH), 8.20 (d, J = 7.2 Hz, 1H, ArH), 8.01 (d, J = 8.0 Hz, 1H, ArH),
7.88 (d, J = 8.0 Hz, 1H, ArH), 7.62-7.46 (m, 3H, ArH), 5.14-5.06
(m, 1H, 3p-H), 4.01 (s, 1H, 12p-H), 3.67 (s, 3H, COOCH,), 0.93 (d,
J=6.8 Hz, 3H, 21-CH,), 0.89 (s, 3H, 19-CHjy), 0.70 (s, 3H, 18-CH,);
IR (KBr, cm™): 3549, 2978, 2871, 1717, 1515, 1472, 1131; ESI-MS
m/z (%): 561.4 [(M+1)*, 100]. Anal. Calcd for C;HOs: C, 77.11;
H, 8.63; Found: C, 76.98; H, 8.57%.

Microwave method for preparation of Sa-1
Triphosgene (0.2 mmol) was added to a solution of compound 3
(0.5 mmol) in 10 mL dry CH,Cl, and 0.1 mL dry pyridine at room

temperature. The reaction mixture was irradiated for 9 min at 200 W
to give compound 4. The substituted thiosemicarbazide (0.5 mmol)
and dry pyridine 0.2 mL were added directly to the mixture, which
was then irradiated continually for 3—-6 min at 240 W. The solvent
was removed and the residue was diluted with ethyl acetate 20 mL and
washed with 10% NaHCO; (10 mLx3), brine (10 mLx3), and finally
dried over anhydrous Na,SO,. The crude product was purified by
column chromatography on silica gel H with dichloromethane/ethyl
acetate as eluant. The whole progress was monitored by TLC. The
physical and spectra data of the compounds Sa-1 are as follows.

5a: White solid, yield 93%, m.p. 107-108 °C; [a]® + 133.4 (¢ 0.15,
CH,CL,); '"H NMR (CDCl,, 400 MHz,  ppm): 8.85 (d, /= 8.8 Hz, 1H,
ArNHCS), 8.42 (s, 1H, NH), 8.16 (d, J = 6.8 Hz, 1H, ArH), 8.02-7.96
(m, 2H, ArH), 7.89 (d, J = 8.4 Hz, 1H, ArH), 7.63-7.46 (m, SH, ArH),
7.13-7.10 (m, 2H, ArH), 6.86 (s, 1H, CONH), 5.11 (s, 1H, 12f-H),
5.07-5.03 (m, 1H, 3p-H), 3.64 (s, 3H, COOCH,), 0.96 (s, 3H,
19-CH,), 0.87 (d, J = 6.0 Hz, 3H, 21-CH,), 0.74 (s, 3H, 18-CH;); IR
(KBr, cm™): 3336, 2934, 2859, 1711, 1594, 1524, 1470, 1246, 1018,
777; ESI-MS m/z (%): 788.4 [(M+1)*, 100]. Anal. Calcd for
CHs,CIN;O,S: C, 67.03; H, 6.90; N, 5.33. Found: C, 66.95; H, 6.85;
N, 5.29%.

5b: Pale yellow crystal, yield 92%, m.p. 102-103 °C; [a]} +122.7
(c 0.10, CH,Cl,); '"H NMR (CDCl;, 400 MHz,  ppm): 8.87 (d, J=9.2
Hz, 1H, ArNHCS), 8.18 (d, /= 7.6 Hz, 1H, ArH), 8.01 (d, / = 8.4 Hz,
2H, ArH+NH), 7.89 (d, J = 8.0 Hz, 1H, ArH), 7.62-7.47 (m, 4H,
ArH), 7.21 (s, 1H, ArH), 7.00 (s, 1H, ArH), 6.88 (s, 2H, ArH), 6.75 (d,
J=6.8 Hz, 1H, CONH), 5.11 (s, 1H, 124-H), 5.06 (s, 1H, 35-H), 3.75
(s, 3H, COOCHy,), 3.64 (s, 3H, COOCH,), 0.97 (s, 3H, 19-CHj;), 0.89
(d, J = 6.0 Hz, 3H, 21-CH,), 0.75 (s, 3H, 18-CH;); IR (KBr, cm™):
3320, 2942, 2859, 1715, 1603, 1453, 1246, 1006, 780; ESI-MS m/z
(%): 784.4 [(M+1)*, 100]. Anal. Caled for C,sHs;N;0,S: C, 68.94;
H, 7.33; N, 5.36. Found: C, 68.91; H, 7.29; N, 5.39%.

5c¢: White solid, yield 91%, m.p. 95-96 °C; [a]¥ +114.9 (c 0.11,
CH,CL,); '"H NMR (CDCl;, 400 MHz,  ppm): 8.87 (d, J= 8.4 Hz, 1H,
AINHCS), 8.21 (d, J = 7.2 Hz, 1H, ArH), 8.01 (d, J = 8.0 Hz, 2H,
ArH+NH), 7.89 (d, J = 8.4 Hz, 1H, ArH), 7.63-7.48 (m, 4H, ArH),
7.13-7.09 (m, 1H, ArH), 6.96-6.92 (m, 2H, ArH), 6.83-6.79 (m, 2H,
ArH+CONH), 5.12 (s, 1H, 12f-H), 5.08-5.03 (m, 1H, 345-H), 3.78
(s, 3H, COOCHy), 3.64 (s, 3H, COOCH,), 0.97 (s, 3H, 19-CHj,), 0.87
(d, J = 6.4 Hz, 3H, 21-CH,), 0.74 (s, 3H, 18-CH;); IR (KBr, cm™):
3316, 2943, 2869, 1717, 1595, 1541, 1449, 1242, 1014, 790; ESI-MS
m/z (%): 784.5 [(M+1)*, 100]. Anal. Calcd for C,sHs,N;0,S: C, 68.94;
H, 7.33; N, 5.36. Found: C, 68.91; H, 7.29; N, 5.39%.

5d: White solid, yield 92%, m.p. 109-110 °C; [a]¥ +78.4 (c 0.12,
CH,Cl,); '"H NMR (CDCls, 400 MHz, 6 ppm): 8.86 (d, J = 8.8 Hz, 1H,
ArNHCS), 8.17 (d, /= 6.8 Hz, 2H, ArH+NH), 8.01 (d, /= 8.0 Hz, 1H,
ArH), 7.89 (d, J = 8.0 Hz, 1H, ArH), 7.63-7.46 (m, 4H, ArH), 7.35-
7.26 (m, 4H, ArH), 7.19 (s, 1H, ArH), 6.87 (s, 1H, CONH), 5.11
(s, 1H, 12-H), 5.08-5.05 (m, 1H, 35-H), 3.64 (s, 3H, COOCHy,), 0.97
(s, 3H, 19-CH;), 0.89 (d, J = 6.4 Hz, 3H, 21-CH;), 0.75 (s, 3H,
18-CH,); IR (KBr, cm™): 3411, 2934, 2859, 1711, 1599, 1512, 1445,
1246, 1014, 786; ESI-MS m/z (%): 754.4 [(M+1)*, 100]. Anal. Calcd
for Cy,Hs,N3O4S: C, 70.09; H, 7.35; N, 5.57. Found: C, 69.95; H, 7.28;
N, 5.60%.

Se: Pale yellow crystal, yield 90%, m.p. 110-111 °C; [a]® +136.3
(c 0.10, CH,Cl,); '"H NMR (CDCl;, 400 MHz,  ppm): 8.83 (d, J = 8.4
Hz, 1H, AtNHCS), 8.12 (d, J=7.2 Hz, 2H, ArH+NH), 7.99 (d, /= 8.0
Hz, 2H, ArH), 7.87-7.85 (m, 3H, ArH), 7.60-7.43 (m, 8H, ArH), 6.94
(s, 1H, CONH), 5.10 (s, 1H, 12f-H), 5.02 (s, 1H, 3p-H), 3.60 (s, 3H,
COOCH;), 0.96 (s, 3H, 19-CH,), 0.87 (d, J = 4.4 Hz, 3H, 21-CH,),
0.74 (s, 3H, 18-CH,); IR (KBr, cm™): 3432, 2938, 2859, 1711, 1653,
1508, 1466, 1242, 1018, 777; ESI-MS m/z (%): 804.5 [(M+1)*, 100].
Anal. Calcd for C,Hs;,N;O.S: C, 71.70; H, 7.15; N, 5.23. Found:
C, 71.66; H, 7.18; N, 5.20%.

5f: White solid, yield 90%, m.p. 118-119 °C; [a]3 +93.7 (c 0.10,
CH,CL,); '"H NMR (CDCl;, 400 MHz,  ppm): 8.85 (d, /= 8.8 Hz, 1H,
ArNHCS), 8.37 (s, 1H, NH), 8.16 (d, J = 7.2 Hz, 1H, ArH), 8.01 (d,
J=8.0Hz, 1H, ArH), 7.89 (d, J = 8.0 Hz, 1H, ArH), 7.80 (s, 1H, ArH),
7.63-7.46 (m, 5H, ArH), 7.33-7.30 (m, 1H, ArH), 7.18-7.00 (m, 1H,
ArH), 6.79 (s, 1H, CONH), 5.11 (s, 1H, 124-H), 5.07-5.02 (m, 1H,
34-H), 3.64 (s, 3H, COOCHj), 0.96 (s, 3H, 19-CH,), 0.87 (d, J = 6.4
Hz, 3H, 21-CH,), 0.75 (s, 3H, 18-CH,); IR (KBr, cm™): 3435, 2926,
2861, 1715, 1642, 1530, 1464, 1244, 1009, 781; ESI-MS m/z (%):
832.4 [(M+1)*, 100]. Anal. Calcd for C,Hs,BrN;O,S: C, 63.45;
H, 6.53; N, 5.05. Found: C, 63.41; H, 6.49; N, 5.01%.
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Fig.2 UV-vis spectra of molecular tweezer 5h (1.88x10°mol L") in the presence of D-Tyr-OMe:(a) 0 mol L'; (b) 0.30x10°mol L';
(c) 0.60x10mol L7; (d) 0.90x10°mol L; (e) 1.20x10°mol L; (f) 1.50x10°mol L"; (g) 1.80x10°*mol L'; (h) 2.10x10°mol L;

(i) 2.40x10°mol L' with A, at 244.0 nm.

Fig. 3 Minimum energy conformation of molecular tweezer
5h.

5g: Colourless crystals, yield 94%, m.p. 104-106 °C; [a]¥ +77.2
(c 0.13, CH,Cl,); '"H NMR (CDCl,, 400 MHz, & ppm): 8.86 (d, J = 8.8
Hz, 1H, ArNHCS), 8.16 (d, J = 6.8 Hz, 1H, ArH), 8.01 (d, J = 8.0 Hz,
2H, ArH+NH), 7.89 (d, J = 8.0 Hz, 1H, ArH), 7.62-7.46 (m,
4H, ArH), 7.20-7.10 (m, 4H, ArH), 6.88 (s, 1H, CONH), 5.10 (s, 1H,
12B-H), 5.08-5.02 (m, 1H, 35-H), 3.64 (s, 3H, COOCH,), 0.97 (s, 3H,
19-CH,), 0.89 (d, J = 6.4 Hz, 3H, 21-CH;), 0.75 (s, 3H, 18-CH,);
IR (KBr, cm™): 3431, 2938, 2867, 1714, 1623, 1519, 1453, 1245,
1017, 785; ESI-MS m/z (%): 1558.6 [(2M+23)*, 100]. Anal. Calcd
for C,sHs;N;O(S: C, 70.37; H, 7.48; N, 5.47. Found: C, 70.31; H, 7.39;
N, 5.44%.

5Sh: White solid, yield 92%, m.p. 103—-104 °C; [o]3+157.8 (¢ 0.11,
CH,Cl,); '"H NMR (CDCl,, 400 MHz,  ppm): 8.85 (d, J= 8.8 Hz, 1H,
ArNHCS), 8.35 (s, 1H, NH), 8.16 (d, J = 7.2 Hz, 1H, ArH), 8.01 (d,

J=8.4Hz, 1H, ArH), 7.89 (d, J = 8.0 Hz, 1H, ArH), 7.82 (s, 1H, ArH),
7.63-7.46 (m, 3H, ArH), 7.33-7.31 (m, 1H, ArH), 7.20-7.16 (m, 1H,
ArH), 7.12-7.10 (m, 1H, ArH), 6.86-6.82 (m, 2H, ArH+CONH), 5.11
(s, 1H, 124-H), 5.08-5.02 (m, 1H, 3p-H), 3.64 (s, 3H, COOCH,),
0.97 (s, 3H, 19-CH,), 0.88 (d, J = 6.4 Hz, 3H, 21-CH,), 0.75 (s, 3H,
18-CH,); IR (KBr, cm™): 3302, 2943, 2869, 1715, 1607, 1540, 1450,
1202, 1018, 781; ESI-MS m/z (%): 772.3 [(M+1)*, 100]. Anal. Calcd
for C,Hs,FN;O.S: C, 68.46; H, 7.05; N, 5.44. Found: C, 68.39;
H, 7.08; N, 5.38%.

5i: Pale yellow crystal, yield 89%, m.p. 112-113 °C; [a]¥ +94.1
(c0.11, CH,Cl,); '"H NMR (CDCl;, 400 MHz,  ppm): 8.86 (d, J = 8.8
Hz, 1H, AINHCS), 8.60 (s, 1H, NH), 8.19 (d, J = 6.4 Hz, 1H, ArH),
7.95 (d, J = 8.0 Hz, 1H, ArH), 7.85 (d, J = 8.4 Hz, 1H, ArH), 7.76 (s,
1H, OH), 7.63-7.45 (m, 4H, ArH), 7.19-7.15 (m, 1H, ArH), 7.06-6.82
(m, 3H, ArH), 6.71 (d, J = 7.2 Hz, 1H, CONH), 5.09 (s, 1H, 12f-H),
5.05-5.01 (m, 1H, 3B-H), 3.66 (s, 3H, COOCH;), 0.95 (s, 3H,
19-CH,), 0.84 (d, J = 5.6 Hz, 3H, 21-CH,), 0.74 (s, 3H, 18-CH,); IR
(KBr, cm™): 3422, 3046, 2936, 2867, 1713, 1607, 1507, 1453, 1238,
1010, 786; ESI-MS m/z (%): 770.4 [(M+1)*, 100]. Anal. Calcd for
C,HssN;O,S: C, 68.63; H, 7.20; N, 5.46. Found: C, 68.60; H, 7.18;
N, 5.44%.

5j: White solid, yield 92%, m.p. 114-115 °C; [a] +98.2 (c 0.14,
CH,Cl,); '"H NMR (CDCl;, 400 MHz,  ppm): 8.84 (d, J= 8.4 Hz, 1H,
ArNHCS), 8.34 (s, 1H, NH), 8.15 (d, J = 7.2 Hz, 1H, ArH), 8.01 (d,
J=8.0Hz, 1H, ArH), 7.89 (d, J = 8.0 Hz, 1H, ArH), 7.82 (s, 1H, ArH),
7.63-7.46 (m, 3H, ArH), 7.34-7.19 (m, 4H, ArH), 6.86 (s, 1H,
CONH), 5.10 (s, 1H, 124-H), 5.07-5.02 (m, 1H, 3/4-H), 3.64 (s, 3H,
COOCH,), 0.96 (s, 3H, 19-CH,), 0.86 (d, J = 6.4 Hz, 3H, 21-CH,),
0.75 (s, 3H, 18-CHj,); IR (KBr, cm™): 3436, 2942, 2872, 1711, 1632,
1516, 1458, 1238, 1010, 782; ESI-MS m/z (%): 1599.4 [(2M+23)*,
100]. Anal. Caled for C,Hs,CIN;O,S: C, 67.03; H, 6.90; N, 5.33.
Found: C, 66.95; H, 6.83; N, 5.29%.

5k: White solid, yield 91%, m.p. 116-117 °C; [a]¥ +121.4 (¢ 0.11,
CH,Cl,); '"H NMR (CDCl;, 400 MHz, & ppm): 8.90-8.83 (m, 1H,
ArNHCS), 8.37 (s, 1H, NH), 8.21-8.14 (m, 1H, ArH), 8.01-7.82 (m,
3H, ArH), 7.63-7.46 (m, 3H, ArH), 7.34-7.26 (m, 4H, ArH), 6.89 (s,
1H, CONH), 5.09 (s, 1H, 124-H), 5.06-5.02 (m, 1H, 3/-H), 3.64 (s,
3H, COOCH,), 0.95 (s, 3H, 19-CH,), 0.85 (d, J = 6.4 Hz, 3H, 21-
CH,), 0.74 (s, 3H, 18-CH;); IR (KBr, cm™): 3436, 2940, 2864, 1714,
1520, 1503, 1449, 1242, 1014, 786; ESI-MS m/z (%): 832.4 [(M+1)",
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100]. Anal. Caled for C,,Hs,BrN;OS: C, 63.45; H, 6.53; N, 5.05.
Found: C, 63.41; H, 6.49; N, 5.01%.

51: White solid, yield 92%, m.p. 107-108 °C; [a]® +145.6 (¢ 0.11,
CH,Cl,); '"H NMR (CDCls, 400 MHz, 6 ppm): 8.86 (d, J = 8.4 Hz, 1H,
ArNHCS), 8.17 (d, J = 7.2 Hz, 1H, ArH), 8.01 (d, J = 8.4 Hz, 1H,
ArH), 7.89 (d, J = 8.0 Hz, 2H, ArH+NH), 7.62-7.47 (m, 4H, ArH),
7.26 (s, 2H, ArH), 6.84-6.82 (m, 3H, ArH+CONH), 5.10 (s, 1H, 12/-
H), 5.05 (s, 1H, 34-H), 3.73 (s, 3H, COOCH,), 3.64 (s, 3H, COOCHj,),
0.97 (s, 3H, 19-CH;), 0.90 (d, J = 6.0 Hz, 3H, 21-CH,), 0.75 (s, 3H,
18-CH,); IR (KBr, cm): 3411, 2942, 2868, 1716, 1618, 1515, 1457,
1244, 1025, 783; ESI-MS m/z (%): 784.4 [(M+1)*, 100]. Anal. Calcd
for C,sHs;N50,S: C, 68.94; H, 7.33; N, 5.36. Found: C, 68.91; H, 7.29;
N, 5.39%.

Conventional heating method for preparation of 5a=51

Triphosgene (0.2 mmol) was added to a solution of compound 3
(0.5 mmol) in 20 mL dry CH,Cl, and 0.1 mL dry pyridine at room
temperature. The solution was refluxed for 3 h, to give compound 4.
The substituted thiosemicarbazide (0.5 mmol) and dry pyridine
0.2 mL were added directly to the mixture which was refluxed for a
further 2-6 h. The solvent was removed and the residue was diluted
with ethyl acetate 20 mL and washed with 10% NaHCO; (10 mLx3),
brine (10 mLx3), and finally dried over anhydrous Na,SO,. The crude
product was purified by column chromatography on silica gel H with
dichloromethane/ethyl acetate as eluant, in 65-5% yields.
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