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A facile one-pot synthesis and heterocyclisation of
(R)-2-amino-3-((aroylcarbamothioyl)thio)propanoic acids
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A series of (R)-2-amino-3-((aroylcarbamothioyl)thio)propanoic acid derivatives have been synthesised by a one-pot, three-
component reaction of L-cysteine with ammonium thiocyanate in the presence of various acid chlorides under solvent-free
conditions in excellent yields. These compounds were converted to (R)-2-thioxothiazolidine-4-carboxylic acid in water under

reflux conditions.
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L-Cysteine, a naturally occurring amino acid, has an
important role in many biological processes."? Cysteine and its
derivatives are present in various cosmetic and pharmaceutical
preparations.’ Recently, the chemistry of isothiocyanates
has been studied, as these compounds are strong cancer
chemopreventors.*® Many different isothiocyanates (more than
25) block the carcinogenic effects of more than 12 chemically
different types of carcinogens in at least 10 different target
sites in three species of rodent’. Isothiocyanates are extremely
useful in organic synthesis.®® Several methods to prepare
isothiocyanates and the corresponding mercapturic acids have
been developed.'®"?

Thiazolidine-2-thiones and their derivatives exhibit a range of
biological activities, such as hepatoprotective,'® antibacterial,!’
antifungal,'® analgesic,” insecticide,?® protein modification,?
antiinflammatory and immunosuppressive activities.?

As part of our current studies on the development of new
routes to sulfur-containing organic compounds synthesis, > we
now describe a simple one-pot synthesis of six mercapturic acids
derived from aroyl isothiocyanates and L-cysteine under solvent-
free conditions. We have also converted these isothiocyanate-
derived mercapturic acids into (R)-2-thioxothiazolidine-4-
carboxylic acid in water under reflux conditions.
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Results and discussion
(R)-2-amino-3-((aroylcarbamothioyl)thio)propanoic acids 4
were synthesised by the one-pot, three-component reaction
of L-cysteine with ammonium thiocyanate in the presence
of aroyl chlorides under solvent-free conditions in excellent
yields. The compounds 4 were then converted into (R)-2-
thioxothiazolidine-4-carboxylic acid 5 with high purity
(Scheme 1). The synthesis of compound 5 and compounds 6
has previously been described.?*! The melting point and NMR
data were identical with those reported (see Table 1).

The structures of compounds 4a—f, 5, 6a—f were confirmed
by IR, 'H NMR, BC NMR, LCMS, and elemental analysis.
For example, the 'TH NMR spectrum of 4a showed two singlets
(0=7.20 and 9.02 ppm) assigned to the protons of the NH
groups with a singlet at 6=11.14 for the COOH group. These
disappear after the addition of a few drops of D,0 to DMSO
solution of 4a. The aromatic protons resonated between 8.12
and 8.34 ppm.

The *C NMR spectrum of compound 4a shows nine distinct
signals, consistent with the proposed structure. The mass
spectrum of 4a displayed the molecular ion peak at m/z=329.
The IR spectrum of compound 4a also supported the suggested
structure since strong absorption bands were observed at 3385,
3105 and 1670 cm™ respectively for the NH and carbonyl groups.
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Scheme 1 Synthesis and interconversion of (R)-2-amino-3-((aroylcarbamothioyl)thio)propanoic acids.

* Correspondent. E-mail: mohebat@iauyazd.ac.ir

JCR1302297_FINAL.indd 172

04/03/2014 10:03:56



JOURNAL OF CHEMICAL RESEARCH 2014 173

Table 1 Yields of (R)-2-amino-3-((aroylcarbamothioyl)thio)propanoic acids 4a-f and benzamides 6a—f from the reaction
between L-cysteine and acid chlorides in the presence of ammonium thiocyanate (Scheme 1)

No. Ar 4 Yield/%: 6 Yield/%: M.p./°C Lits m.p./°C
1 4-NO,~CH, 4a 07 6a 94 198-200 201
2 3-NOCH, ab 93 6b 91 141-143 142
3 4Br-CH, 4c 91 6c 87 190-192 189
4 2-CH~CH, 4d 80 6d 76 141-142 143
5  3-CHCAH, de 83 6e 78 94-96 95
6  CH, a 88 6f 84 127-129 129

aYields refer to the pure isolated products.

A tentative mechanism for this transformation is shown in
Scheme 2.

It is conceivable that the aroyl chloride 1 reacts with
ammonium thiocyanate to form aroyl thiocyanate 2. The
addition of L-cysteine 3 generates 4 which is converted to
compound 5 by the elimination of benzamide.

In conclusion, we have developed a straightforward method
for the synthesis of isothiocyanate-derived mercapturic acids
under solvent-free conditions. (R)-2-Thioxothiazolidine-4-
carboxylic acid is formed in water under reflux conditions.
This procedure provides several advantages such as cleaner
reactions, shorter reaction times and affords excellent yields.

Experimental

Melting points were determined with an Electrothermal 9100
apparatus. Elemental analyses were performed using a Costech ECS
4010 CHNS-O analyser at analytical laboratory of Islamic Azad
University Yazd branch. Optical rotations were determined at 589 nm
(sodium D line) using a Atago-Ap-300 digital polarimeter, products
were dissolved in DMSO (g 100 mL"). Mass spectra were recorded on
a FINNIGAN-MAT 8430 mass spectrometer operating at an ionisation
potential of 70 eV. IR spectra were recorded on a Shimadzu IR-470
spectrometer. 'H and C NMR spectra were recorded on Bruker
DRX-500 Avance spectrometer for solutions in d.-DMSO using TMS
as internal standard. The chemicals used in this work were purchased
from Fluka (Buchs, Switzerland) and were used without further
purification.

Synthesis of compounds 4; general procedure

Aroyl chloride (2mmol) was added to ammonium thiocyanate
(2mmol) in a 50 mL flask at room temperature. The reaction mixture
was stirred in a water bath at about 60 °C for 5 min. Then, L-cysteine 2
(2 mmol) was added slowly and the contents were stirred for 2 h at room
temperature under solvent-free conditions. The progress of the reaction
was monitored by TLC. After completion of the reaction, distilled
water (15mL) was added over Smin to the reaction mixture. The
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resulting precipitate was collected by filtration on a Buchner funnel
and recrystallised from EtOH to afford the pure title compounds.

Synthesis of compound 5 and benzamides, general procedure
The reaction mixture was stirred at room temperature for 2 h under
solvent-free conditions. The progress of the reaction was monitored
by TLC. After completion of the reaction, the resulting mixture
was refluxed in water (5 mL) for 1 h and extracted with ethyl acetate
(3x5mL). After evaporation of the solvent, the resulting crude
material was purified by column chromatography on silica using
n-hexane/ethyl acetate (2:1) as eluent to give compound 5 and
benzamides.
(R)-2-Amino-3-(((4-nitrobenzoyl)carbamothioyl)thio)propanoic
acid (4a): White powder, yield (97%), m.p. 163-165 °C; [a] *' —13.2 (¢
1.00, DMSO); IR (KBr) (v, ): 3385, 3105, 2995, 1670, 1607, 1535, 1396,
1348, 1297, 1204 cm™'; 'H NMR (500 MHz, DMSO-d,): 8 2.89 (1H,
dd,J=13.8,8.7, SCH,), 3.03 (1H, dd, J=13.8, 3.8, SCH,), 4.54 (1H, m,
CHCOOH), 7.20 (2H, s,NH,), 8.12 (2 H,d,J=8.7Hz,2CH__ ), 8.34 (2
H,d,J=87Hz 2CH__ ), 9.02 (1H,s,NH), 11.14 (1H, s, COOH) ppm;
“CNMR (125 MHz, DMSO-d,): & 34.2 (CH,), 53.2 (CH), 124.3, 131.4,
138.3 and 150.9 (carbons of aromatic), 166.9 and 170.1 (2C=0), 197.5
(C=8S) ppm; MS (m/z, %): 329 (M*, 4). Anal. caled for C H, N,O.S,, C,
40.11; H, 3.37; N, 12.76; S, 19.47; found: C, 39.91; H, 3.40; N, 12.73; S,
19.37%;
(R)-2-Amino-3-(((3-nitrobenzoyl)carbamothioyl)thio)propanoic
acid (4b): White powder, yield (93%), m.p. 156-158 °C; [a] > —16.4
(c 1.01, DMSO); IR (KBr) (v, ): 3415, 3185, 2995, 1670, 1613, 1524,
1494, 1382, 1346, 1294, 1204 cm™; '"H NMR (500 MHz, DMSO-d,): &
2.92(1H, dd,J=14.1,8.7,SCH,), 3.02 (1H, dd, /=13.7,4.1, SCH,), 4.56
(1H, m, CHCOOH), 7.15 (2H, s, NH,), 7.80 (1H, t, J=8.0 Hz, ICH__ ),
8.34 (IH, d, J=79Hz, 1ICH_ ), 841 (IH, d, J=7.5Hz, ICH__ ),
874 (1H, s, ICH__ ), 9.09 (1H, s, NH), 11.30 (1H, s, COOH) ppm; "C
NMR (125 MHz, DMSO-d,): 8 33.3 (CH,), 51.9 (CH), 122.1, 126.2,
129.9, 131.3, 133.0 and 150.6 (carbons of aromatic), 166.5 and 170.1
(2C=0), 196.6 (C=S) ppm; MS (m/z, %): 329 (M, 4). Anal. calcd for
C H N.OS,,C,40.11; H, 3.37; N, 12.76; S, 19.47; found: C, 39.94; H,
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3.47;N,12.74; S, 19.42%.
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Scheme 2 Suggested mechanism for formation compounds 4 and 5.
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(R)-2-Amino-3-(((4-bromobenzoyl)carbamothioyl)thio)propanoic
acid (4¢): White powder, yield (91%), m.p. 136-144 °C; [a] *' —20.6 (¢
1.02, DMSO); IR (KBr) (v, ): 3400, 3185,2925, 1675, 1617, 1589, 1484,
1382, 1301, 1206 cm™'; '"H NMR (500 MHz, DMSO-d,): 8 2.95 (1H,
dd,J=12.8,8.5,SCH,), 3.08 (IH, dd, /=12.8, 4.4, SCH,), 4.64 (1H, m,
CHCOOH), 7.24 (2H,s,NH,), 743 (2 H, d,J=8.4 Hz,2CH__ ), 7.58 (2
H,d,J=84Hz,2CH__ ),9.12 (1H,s, NH), 11.29 (1H, s, COOH) ppm;
BCNMR (125 MHz, DMSO-d,): 3 31.1 (CH,), 53.50 (CH), 125.0, 129.6,
131.3 and 133.3 (carbons of aromatic), 169.8 and 170.2 (2C=0), 195.0
(C=S) ppm; MS (m/z, %): 363 (M", 2). Anal. caled for C, H BrN,O,S,,
C,36.37; H, 3.05; N, 7.71; S, 17.65; found: C, C, 36.21; H, 3.11; N, 7.68;
S, 17.63%.

(R)-2-Amino-3-(((2-methylbenzoyl)carbamothioyl)thio)propanoic
acid (4d): White powder, yield (80%), m.p. 112-114°C; [o] ) ~11.1 (¢
1.00, DMSO); IR (KBr) (v, ): 3312, 3130, 2918, 1677, 1600, 1487, 1396,
1297, 1207 cm™'; 'H NMR (500 MHz, DMSO-d,): § 2.53 (3H, s, CH,),
2.93(1H,dd,J=13.9,8.5,SCH,),3.02 (1H, dd, /=13.9,4.4,SCH,), 4.55
(1H, m, CHCOOH), 7.12 (2H, s, NH), 7.26 (1H, t, J=7.8 Hz, ICH__ ),
7.33 (1H, d, J=8.0Hz, ICH__ ), 7.64 (1H, t, /=8.0Hz, ICH__ ), 7.91
(1H,d,J/=7.8Hz, ICH,__ ),9.03 (1H,s,NH), 11.35 (1H, s, COOH) ppm;
“C NMR (125 MHz, DMSO-d,): 6 21.30 (CH,), 34.8 (CH,), 52.5 (CH),
126.1, 127.3, 131.9, 132.3, 134.7 and 138.4 (carbons of aromatic), 168.5
and 170.1 (2C=0), 190.6 (C=S) ppm; MS (m/z, %): 298 (M", 5). Anal.
caled for C,H ,N,O,S,, C, 48.30; H, 4.73; N, 9.39; S, 21.49; found: C,
48.21; H,4.63; N, 9.37; S, 21.46%.

(R)-2-Amino-3-(((3-methylbenzoyl)carbamothioyl)thio)propanoic
acid (4e): White powder, yield (83%), m.p. 118-120 °C; [a] ' —12.4 (¢
1.01, DMSO); IR (KBr) (v, ): 3345, 3150, 2909, 1675, 1598, 1485, 1396,
1295, 1204 cm™'; '"H NMR (500 MHz, DMSO-d,): § 2.45 (3H, s, CH,),
2.96 (1H, dd,J=13.7,8.7,SCH,), 3.06 (1H, dd, /=13.7, 4.3, SCH,), 4.55
(1H, m, CHCOOH), 7.05 (2H, s, NH,), 7.34 (1H, d, /=7.8 Hz, ICH__ ),
740 (1H, t, J=8.0Hz, ICH__ ), 7.67 (1H, d, J=8.0Hz, ICH__ ), 7.85
(1H,s, ICH, ), 9.05 (1H, s, NH), 11.34 (1H, s, COOH) ppm; “C NMR
(125MHz, DMSO-d,): § 21.62 (CH,), 34.5 (CH,), 53.1 (CH), 126.3,
129.0, 130.8, 132.3, 134.9 and 138.8 (carbons of aromatic), 168.9 and
170.4 (2C=0), 190.4 (C=S) ppm; MS (m/z, %): 298 (M", 5). Anal. calcd
for C H ,N,OS , C,48.30; H, 4.73; N, 9.39; S, 21.49; found: C, 48.23;
H,4.66;N,9.35; S, 21.45%.

(R)-2-Amino-3-((benzoylcarbamothioyl)thio)propanoic acid (4f):
White powder, yield (88%), m.p. 126-128°C; [o]”' —16.7 (¢ 1.04,
DMSO); IR (KBr) (v, ): 3315, 3110, 2915, 1665, 1600, 1489, 1380,
1292, 1206cm™; 'H NMR (500 MHz, DMSO-d,): § 2.90 (1H, dd,
J=13.6, 8.4, SCH,), 3.01 (I1H, dd, J=13.6, 4.8, SCH,), 4.54 (1H, m,
CHCOOH), 7.20 (2H, s, NH,), 7.46-7.91 (m, 5CH__ ),9.02 (1H, s, NH),
11.40 (1H, s, COOH) ppm; “C NMR (100 MHz, DMSO-d): § 35.3
(CH,), 52.1 (CH), 127.3, 128.3, 132.2 and 133.6 (carbons of aromatic),
169.3 and 171.9 (2C=0), 191.0 (C=S) ppm. MS (m/z, %): 284 (M, 6).
Anal. caled for C, H,N,O,S,, C, 46.46; H, 4.25; N, 9.85; S, 22.55;
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found: C,46.31; H,4.32; N, 9.80; S, 22.53%.

We gratefully acknowledge financial support from the Research
Council of Islamic Azad University of Yazd of Iran.

JCR1302297_FINAL.indd 174

Received 22 November 2013, accepted 16 January 2014
Paper 1302297 doi: 10.3184/174751914X13921421504937
Published online: 7 March 2014

References

1 W. Droge, V. Hack, R. Breitkreutz, E. Holm, G. Shubinsky, E. Schmid and
D. Galter, BioFactors, 1998, 8, 97.

2 L.P. Osman, S.C. Mitchell and R.H. Waring, Sulfur Rep., 1997, 20, 155.

M. Santhiago and I.C. Vieira, Sens. Actuators B, 2007, 128, 279.

4 Z. Guo, T.J. Smith, E. Wang, N. Sadrieh, Q. Ma, P.E. Thomas and C.S.

Yang, Carcinogenesis, 1992, 13, 2205.

5 V.L. Sparnins, P.L. Venegas and L.W. Wattenberg, J. Natl. Cancer Inst.,

1982, 68, 493.

Y. Zhang and P. Talalay, Cancer Res., 1998, 58, 4632.

S.S. Hecht, Drug Metabolism Rev., 2000, 32, 395.

S. Sharma, Sulfur Rep., 1989, 8, 327.

L. Drobnica, P. Kristian and J. Augustin, The chemistry of cyanates and

their thio derivatives; Patai, S., ed. Wiley: Chichester, UK, 1977; pp. 1003.

10 W.H. Mennicke, K. Gérler and G. Krumbiegel, Xenobiotica, 1983, 13, 203.

11 Y.M. loannou, L.T. Burka and H.B. Matthews, Toxicol. Appl. Pharmacol.,
1984, 75, 173.

12 K.I. Eklind, M.A. Morse and F.L. Chung, Carcinogenesis, 1990, 11, 2033.

13 D. Jiao, C.C. Conaway, M.H. Wang, C.S. Yang, W. Koehl and F.L. Chung,
Chem. Res. Toxicol., 1996, 9, 932.

14 K. Kassahun, M. Davis, P. Hu, B. Martin and T. Baillie, Chem. Res.
Toxicol., 1997, 10, 1228.

15 M. Vermeulen, H.J.M. Van Rooijen and W.H.J. Vaes, J. Agric. Food
Chem., 2003, 51, 3554.

16 K. Yoneda, A. Ota and Y. Kawashima, Chem. Pharm. Bull., 1993, 41, 876.

17 N. Matsui, S. Kajita and H. Nakakawa, JP 1095784, 1998 [Chem. Abstr.,
1998, 129, 4647w].

18 J. Takashi, M. Nakaya, S. Inami and H. Matsuno, JP 09124647, 1997
[Chem. Abstr., 1997, 127, 65758p].

19 J.E. Reece and G.B. Fozzard, US 3697516, 1972 [Chem. Abstr., 1972, 78,
16203].

20 M. Nakaya, K. Ebihara, H. Matsuno, S. Shiraishi, K. Oonuma and H.
Yamada, JP 06312985, 1994 [Chem. Abstr., 1995, 122, 187572r].

21 R.B. Greenwald, A. Pendri, A. Martinez, C. Gilbert and P. Bradley,
Bioconjugate Chem., 1996, 7, 638.

22 B.J. Sweetman, M.M. Vestling, S.T. Ticaric, P.L. Kelly and L. Field, J.
Med. Chem., 1971, 14, 868.

23 R. Mohebat and G. Mohammadian, J. Chem. Res., 2012, 36, 626.

24 R. Mohebat, M.H. Mosslemin, A. Dehghan-Darehshiri and A.
Hassanabadi, J. Sulfur Chem., 2011, 32, 557.

25 R. Mohebat and F. Saeedi, J. Sulfur Chem., 2012, 33, 583.

26 T. Zweifel, J.-V. Naubron and H. Gruetzmacher, Angew. Chem., Int. Ed.,
2009, 48, 559.

27 R.S.Ramon, N. Marion and S.P. Nolan, Chem. Eur. J., 2009, 15, 8695.

28 C.J. Pouchert, The Aldrich Library of NMR Spectra, 2nd edn. Aldrich
Chemical Company, Inc. Milwaukee, 1983, Vols 1 and 2.

29 B.S. Furniss, A.J. Hannaford, PW.G. Smith and A.R. Tatchell, Vogel’s
textbook of practical organic chemistry, 5th edn. Longman, Harlow, 1989.

30 H.Huang,Y.Li, X. Hu, Q. Tian, M. Lang, W. Liand Y. Wang, Chin. J. Org.
Chem., 1995, 15, 67.

31 Y.--Z. Li, C.-X.Guo, X.-S. Hu and H.-M. Huang, Kao Teng Hsueh Hsiao
Hua Heush Hsueh Pao/Chem. J. Chin. Universities, 1997, 18, x17.

32 A.J.Dobson and R.E. Gerkin, Acta Crystallogr., 1998, ¢54, 1634.

w

O 0 3 N

04/03/2014 10:03:57



Copyright of Journal of Chemical Research isthe property of Science Reviews 2000 Ltd. and
its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articlesfor individual use.



