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A novel and efficient synthetic route to α-aminophosphonates containing benzothiazole moiety via a cascade 
three-component reaction from conveniently available starting materials has been developed. The target compounds 
3a—3g, 7 and 8a, 8b were evaluated for their anticancer activities against the cancer cell line HL-60 in vitro by the 
MTT method. Compound 3g showed good cancer inhibitory activity against the tested cell line. Further study is 
necessary to find out the potential antitumor activities. 
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Introduction 
In past decades, the synthesis of heterocycles has 

continued to attract the interest of synthetic chemists.[1] 
Among these heterocycles, benzothiazoles with a nitro-
gen substituent in the 2-position in natural products play 
pharmacologically important roles because of the broad 
spectrum of their biological activities.[2] 

On the other hand, α-aminophosphonic acids and 
their corresponding α-aminophosphonates have received 
much interest in organic and medicinal chemistry be-
cause they are analogues to both natural and unnatural 
amino acids.[3] Some of them have been used as potent 
enzyme inhibitors, antimicrobial, antitumor and antiviral 
agents.[4-6] Among these compounds, studies are mainly 
concentrated on heterocycle moieties such as thiophene, 
furan, benzothiazole. α-Aminophosphonates containing 
benzothiazole moiety have been suggested as antitumor 
agent.[7] 

In view of this research and our desire to develop 
new anticancer agents of high potency, we fused bio-
logical benzothiazole and aminophosphonate structures 
to obtain compounds possessing better biological activi-
ties. Among numerous synthetic methodologies of 
α-aminophosphonate, the most noteworthy and remark-
able one is Kabachnik-Fields reaction, generally using 
amines, dialkyl phosphites and carbonyl compounds as 
the reactants.[8] In connection with our ongoing project 
on the Cu-catalyzed reaction,[9] we herein describe a 
new strategy to construct α-aminophosphonates con-
taining benzothiazole moiety. 

Experimental 
Synthesis 

Materials and equipment  Reagents were obtained 
commercially and used as received. Solvents were puri-
fied and dried by standard methods. Primary 1-amino-
phosphonates were synthesized according the literature 
methods.[10] The melting points were determined on an 
XT-4 micro melting point apparatus and uncorrected. IR 
spectra were recorded on an EQUINOX-55 spectrome-
ter on a KBr matrix. NMR spectra were recorded on an 
INOVA-400 NMR instrument at room temperature us-
ing TMS as internal standard. Coupling constants (J) 
were measured in Hz. Elemental analyses were per-
formed on a Vario EL III CHNS analyzer. Electrospray 
mass spectra were obtained with an MALDI-TOF mass 
spectrometer. 200—300 mesh silica gel was used for 
column chromatography. 

Typical procedure for the synthesis of target com-
pounds  A reaction mixture of 1-bromo-2-nitrobenzene 
4 (1 mmol), CS2 (1.5 mmol), primary 1-aminophospho-
nate 5 (1.4 mmol), K2CO3 (3 mmol), CuCl2•2H2O (1 
mmol) and SnCl2•2H2O (4 mmol) in DMF (3.5 mL) was 
stirred at 110 ℃ for 7 h. The reaction mixture was par-
titioned between ethyl acetate and water. The organic 
layer was washed with water and brine, and dried over 
anhydrous MgSO4 and concentrated under vacuum to 
yield the crude product. The crude product was purified 
by flash chromatography (ethyl acetate∶ petroleum 
ether, 1∶2, volum ratio).  
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O,O'-Diethyl-α-(benzothiazole-2-yl) amino- 
(phenylmethyl) phosphonate (3a)  White powder, 
yield 84%, m.p. 112—114 ℃ (lit.[11] m.p. 112 ℃); 1H 
NMR (CDCl3, 400 MHz) δ: 7.54 (dd, J＝7.2, 7.2 Hz, 
4H), 7.06—7.39 (m, 5H), 5.54 (d, JH—P＝22.4 Hz, 1H), 
4.84 (bs, 1H), 3.98—4.22 (m, 4H), 1.30 (t, J＝7.2 Hz, 
3H), 1.15 (t, J＝7.2 Hz, 3H); 13C NMR (CDCl3, 75 
MHz) δ: 151.9, 135.0, 131.0, 128.5, 128.2, 128.1, 125.8, 
121.8, 120.7, 119.3, 63.6 (d, JC—P＝10.7 Hz), 56.7, 55.1, 
16.4, 16.2; 31P NMR (CDCl3, 200 MHz) δ: 22.7; IR 
(KBr) v: 3210, 2907, 1256 and 1031 cm－1; MALDI- 
TOF MS m/z: 399 [M ＋ Na] ＋ . Anal. calcd for 
C18H21N2O3PS: C 57.44, H 5.62, N 7.44, S 8.52; found 
C 57.56, H 5.69, N 7.41, S 8.49.   

O,O'-Diethyl-α-(benzothiazole-2-yl) amino-(4- 
fluoro-phenylmethyl) phosphonate (3b)  White 
powder, yield 83%, m.p. 167—169 ℃ ; 1H NMR 
(CDCl3, 400 MHz) δ: 7.06—7.61 (m, 8 H), 5.57 (d, JH—P
＝22.0 Hz, 1H), 4.81 (bs, 1H), 3.81—4.24 (m, 4H), 1.32 
(t, J＝7.0 Hz, 3H), 1.15 (t, J＝7.0 Hz, 3H); 13C NMR 
(CDCl3, 75 MHz) δ: 165.3 (d, J＝9.3 Hz), 150.9, 131.0, 
129.9 (t, JC—F＝6.0 Hz), 129.8, 125.8, 122.0, 120.7, 
119.4, 115.6, 115.4, 63.5 (d, JC—P＝4.8 Hz), 55.8, 54.3, 
16.4 (d, JC—P＝4.2 Hz), 16.2 (d, JC—P＝4.2 Hz); 31P 
NMR (CDCl3, 200 MHz) δ: 21.3; IR (KBr) v: 3216, 
2903, 2828, 1233, 1021 cm－1; MALDI-TOF MS m/z: 
417 [M＋Na]＋ . Anal. calcd for C18H20FN2O3PS: C 
54.82, H 5.11, N 7.10, S 8.13; found C 54.91, H 5.20, N 
7.11, S 8.09. 

O,O'-Diethyl-α-(benzothiazole-2-yl) amino-(4- 
chlorophenylmethyl) phosphonate (3c)  Pale yellow 
solid, yield 85%, m.p. 194—195 ℃ (lit.[11] m.p. 195 
℃); 1H NMR (CDCl3, 400 MHz) δ: 7.07—7.56 (m, 8 H), 
5.59 (d, JH—P＝22.8 Hz, 1 H), 4.81 (bs, 1H), 3.85—4.25 
(m, 4H), 1.29 (t, J＝7.2 Hz, 3H), 1.20 (t, J＝7.2 Hz, 3H); 
13C NMR (CDCl3, 75 MHz) δ: 165.6 (d, J＝9.1 Hz), 
151.8, 134.1, 133.8, 131.0, 129.5, 128.7, 125.8, 122.0, 
120.7, 119.4, 63.7 (d, JC—P＝3.6 Hz), 55.9, 54.3, 16.4 (d, 
JC—P＝4.2 Hz), 16.2 (d, JC—P＝4.2 Hz); 31P NMR 
(CDCl3, 200 MHz) δ: 19.7; IR (KBr) v: 3239, 3021, 
2831, 1225, 1024 cm－1; MALDI-TOF MS m/z: 433 [M
＋Na]＋. Anal. calcd for C18H20ClN2O3PS: C 52.62, H 
4.91, N 6.82, S 7.80; found C 52.71, H 4.83, N 6.88, S 
7.86. 

O,O'-Diethyl-α-(benzothiazole-2-yl) amino-(4- 
dimethylaminophenylmethyl) phosphonate (3d) 
White solid, yield 85%, m.p. 181—182 ℃; 1H NMR 
(CDCl3, 400 MHz) δ: 7.07—7.56 (m, 7 H), 6.70 (d, J＝
8.8 Hz, 1H), 5.23 (d, JH—P＝22.0 Hz, 1H), 4.48 (bs, 1H), 
3.75—4.20 (m, 4H), 2.95 (d, J＝19.6 Hz, 6H), 1.28 (t,  
J＝7.2 Hz, 3H), 1.15 (t, J＝7.2 Hz, 3H); 13C NMR 
(CDCl3, 75 MHz) δ: 166.2 (d, J＝9.9 Hz), 152.0, 131.3, 
131.0, 129.0, 128.9, 125.7, 121.7, 120.7, 119.3, 112.3, 
63.3 (d, JC—P＝5.4 Hz), 56.5, 54.9, 40.5, 40.4, 16.4 (d, 
JC—P＝4.2 Hz), 16.3 (d, JC—P＝4.2 Hz); 31P NMR 
(CDCl3, 200 MHz) δ: 21.3; IR (KBr) v: 3223, 3029, 
2891, 1236, 1018 cm－1; MALDI-TOF MS m/z: 442  
[M＋Na]＋. Anal. calcd for C20H26N3O3PS: C 57.27, H 

6.25, N 10.02, S 7.64; found C 57.31, H 6.19, N 10.11, 
S 7.66. 

O,O'-Diethyl-α-(benzothiazole-2-yl) amino-(4- 
methoxyphenylmethyl) phosphonate (3e)  Pale yel-
low solid, yield 84%, m.p. 175—177 ℃; 1H NMR 
(CDCl3, 400 MHz) δ: 7.08—7.56 (m, 6H), 6.88 (d, J＝
8.4 Hz, 2H), 5.49 (d, JH—P＝22.0 Hz, 1H), 4.81 (bs, 1H), 
3.74—4.24 (m, 7H), 1.32 (t, J＝7.2 Hz, 3H), 1.22 (t,  
J＝7.2 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ: 165.9 (d, 
J＝9.3 Hz), 152.0, 131.1, 129.4, 127.0, 125.7, 121.8, 
120.6, 119.3, 114.0, 63.4 (d, JC—P＝5.3 Hz), 56.0, 55.2, 
54.5, 16.4 (d, JC—P＝4.2 Hz), 16.2 (d, JC—P＝4.2 Hz); 31P 
NMR (CDCl3, 200 MHz) δ: 20.6; IR (KBr) v: 3228, 
3011, 2989, 1232, 1025 cm－1; MALDI-TOF MS m/z: 
429 [M＋Na]＋. Anal. calcd for C19H23N2O4PS: C 56.15, 
H 5.70, N 6.89, S 7.89; found C 56.20, H 5.66, N 6.71, 
S 7.81. 

O,O'-Dimethyl-α-(benzothiazole-2-yl) amino-(4- 
methoxyphenylmethyl) phosphonate (3f)  Brownish 
yellow solid, yield 81%, m.p. 169—171 ℃ (lit.[12] m.p. 
170 ℃); 1H NMR (CDCl3, 400 MHz) δ: 7.04—7.54 (m, 
6H), 6.89 (d, J＝8.8 Hz, 2H), 5.56 (d, JH—P＝21.6 Hz, 
1H), 4.50 (bs, 1H), 3.82 (d, J＝10.8 Hz, 3H), 3.76 (s, 
3H), 3.54 (d, J＝10.8 Hz, 3H); 13C NMR (CDCl3, 75 
MHz) δ: 165.7 (d, J＝9.1 Hz), 151.9, 131.1, 129.4, 
129.3, 126.7, 125.7, 121.8, 120.7, 119.3, 114.1, 55.5, 
55.2, 54.0 (d, JC—P＝5.3 Hz), 53.9 (d, JC—P＝2.7 Hz); 31P 
NMR (CDCl3, 200 MHz) δ: 21.3; IR (KBr) v: 3221, 
3031, 2941, 1239, 1018 cm－1; MALDI-TOF MS m/z: 
401 [M＋Na]＋. Anal. calcd for C17H19N2O4PS: C 53.96, 
H 5.06, N 7.40, S 8.47; found C 54.01, H 5.17, N 7.47, 
S 8.56. 

O,O'-Diethyl-α-(benzothiazole-2-yl) amino-(4- 
nitrophenylmethyl) phosphonate (3g)  Yellow solid, 
yield 86%, m.p. 162—164 ℃; 1H NMR (CDCl3, 400 
MHz) δ: 8.49 (d, J＝2.0 Hz, 1H), 8.15 (d, J＝7.6 Hz, 
1H), 7.96 (d, J＝7.2 Hz, 1H), 7.10—7.56 (m, 5H), 5.83 
(d, JH—P＝22.8 Hz, 1H), 4.69 (bs, 1H), 3.96—4.34 (m, 
4H), 1.36 (t, J＝7.2 Hz, 3H), 1.26 (t, J＝7.2 Hz, 3H); 
13C NMR (CDCl3, 75 MHz) δ: 165.2 (d, J＝9.1 Hz), 
151.7, 137.9, 134.2, 134.1, 131.1, 129.4, 125.8, 123.1, 
123.0, 122.1, 120.7, 119.5, 64.0 (d, JC—P＝10.4 Hz), 
55.7, 54.1, 16.5 (d, JC—P＝4.2 Hz), 16.2 (d, JC—P＝4.2 
Hz); 31P NMR (CDCl3, 200 MHz) δ: 19.6; IR (KBr) v: 
3229, 3011, 2972, 1502, 1334, 1225, 1022 cm － 1; 
MALDI-TOF MS m/z: 444 [M＋Na]＋. Anal. calcd for 
C18H20N3O5PS: C 51.30, H 4.78, N 9.97, S 7.61; found 
C 51.39, H 4.85, N 9.90, S 7.72. 

O,O'-Diethyl-α-(benzothiazole-2-yl) amino-(ferro- 
cenylmethyl) phosphonate (7)  Yellow solid, yield 
76%, m.p. 153—155 ℃; 1H NMR (CDCl3, 400 MHz) δ: 
7.11—7.64 (m, 5H), 5.44 (d, JH—P＝19.2 Hz, 1H), 4.68 
(bs, 1H), 3.92—4.42 (m, 13H), 1.24 (t, J＝4.4 Hz, 3H), 
1.20 (t, J＝4.4 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ: 
165.7 (d, J＝4.2 Hz), 152.1, 130.9, 125.9, 121.8, 120.8, 
119.2, 84.0, 83.9, 68.9, 68.2, 67.9, 66.2, 63.3 (d, JC—P＝
5.2 Hz), 52.3, 50.8, 16.4, 16.3; 31P NMR (CDCl3, 200 
MHz) δ: 21.1; IR (KBr) v: 3233, 3089, 2931, 1443, 
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1272, 1220, 1039, 751 cm－1; MALDI-TOF MS m/z: 507 
[M＋Na]＋. Anal. calcd for C22H25FeN2O3PS: C 54.56, 
H 5.20, N 5.78, S 6.62; found C 54.67, H 5.23, N 5.80, 
S 6.69. 

O,O'-Diethyl-α-(5-methylbenzothiazole-2-yl) ami-
no-(phenylmethyl) phosphorrnate (8a)  White pow-
der, yield 85%, m.p. 133—134 ℃; 1H NMR (CDCl3, 
400 MHz) δ: 7.18—7.89 (m, 8H), 5.58 (d, JH—P＝22.4 
Hz, 1H), 4.54 (bs, 1H), 3.76—4.24 (m, 4H), 2.22 (s, 3H), 
1.32 (t, J＝6.0 Hz, 3H), 1.15 (t, J＝6.0 Hz, 3H); 13C 
NMR (CDCl3, 75 MHz) δ: 164.2 (d, J＝8.9 Hz), 150.7, 
136.9, 133.2, 133.1, 131.2, 129.3, 125.8, 123.0, 122.1, 
120.1, 118.5, 63.8 (d, JC—P＝22.5 Hz), 55.7, 54.2, 22.4, 
16.4 (d, JC—P＝4.2 Hz), 16.2 (d, JC—P＝4.2 Hz); 31P 
NMR (CDCl3, 200 MHz) δ: 19.9; IR (KBr) v: 3194, 
3030, 2903, 1233, 1027 cm－1; MALDI-TOF MS m/z: 
413 [M＋Na]＋. Anal. calcd for C19H23N2O3PS: C 58.45, 
H 5.94, N 7.17, S 8.21; found C 58.51, H 5.88, N 7.23, 
S 8.29. 

O,O'-Diethyl-α-(5-methoxybenzothiazole-2-yl)  
amino-(phenylmethyl) phosphonate (8b)  Pale yel-
low solid, yield 81%, m.p. 142—144 ℃; 1H NMR 
(CDCl3, 400 MHz) δ: 7.08—7.55 (m, 7 H), 6.78 (d, J＝
9.2 Hz, 1H), 5.53 (d, JH—P＝22.0 Hz, 1H), 4.53 (bs, 1H), 
3.79—4.28 (m, 7H), 1.30 (t, J＝7.2 Hz, 3H), 1.19 (t,  
J＝7.2 Hz, 3H); 13C NMR (CDCl3, 75 MHz) δ: 165.4 (d, 
J＝9.1 Hz), 151.2, 134.2, 131.4, 128.0, 126.7, 122.8, 
121.2, 118.4, 116.3, 64.1 (d, JC—P＝5.1 Hz), 55.1, 54.2, 
53.7, 16.5, 16.3; 31P NMR (CDCl3, 200 MHz) δ: 20.2; 
IR (KBr) v: 3239, 3023, 2991, 1241, 1015 cm－ 1; 
MALDI-TOF MS m/z: 429 [M＋Na]＋. Anal. calcd for 
C19H23N2O4PS: C 56.15, H 5.70, N 6.89, S 7.89; found 
C 56.08, H 5.75, N 6.80, S 7.92. 

O,O'-Diethyl-α-(5-chlorobenzothiazole-2-yl) ami- 
no-(phenylmethyl) phosphonate (8c)  Pale yellow 
solid, yield 80%, m.p. 117—119 ℃; 1H NMR (CDCl3, 
400 MHz) δ: 7.61 (d, J＝6.0 Hz, 1H), 7.26—7.44 (m, 
6H), 7.10 (t, J＝7.6 Hz, 1H), 5.64 (d, JH—P＝22.4 Hz, 
1H), 4.72 (bs, 1H), 3.86—4.23 (m, 4H), 1.32 (t, J＝7.2 
Hz, 3H), 1.11 (t, J＝7.2 Hz, 3H); 13C NMR (CDCl3, 75 
MHz) δ: 163.8 (d, J＝9.1 Hz), 149.1, 135.0, 132.4, 
131.3, 128.5, 128.1, 121.2, 120.7, 119.7, 62.7 (d, JC—P＝
10.4 Hz), 55.1, 54.2, 16.5 (d, JC—P＝4.1 Hz), 16.3 (d,  
JC—P＝4.1 Hz); 31P NMR (CDCl3, 200 MHz) δ: 22.8; IR 
(KBr) v: 3293, 3017, 2911, 1226, 1021 cm－1; MALDI- 
TOF MS m/z: 433 [M ＋ Na] ＋ . Anal. calcd for 
C18H20ClN2O3PS: C 52.62, H 4.91, N 6.82, S 7.80; 
found C 52.71, H 4.85, N 6.92, S 7.88. 

Antitumor activities assay in vitro 
The antitumor activities of the target compounds 

(3a—3g, 7 and 8a, 8b) were evaluated with HL-60 
(human acute promyelocytic leukemia). HL-60 was ob-
tained from the American Type Culture Collection (Ma-
nassas, VA). Cells were cultured in RPMI 1640 and 
maintained in a Thermo incubator (Waltham, MA) with 
a humidified air containing 5% CO2, 95% air. All cul-
ture media contained 10% fetal bovine serum (FBS) and 

1% penicillin-streptomycin solution (10000 units of 
penicillin and 10 mg of streptomycin in 1 mL 0.9% 
NaCl). The cancer cell line was cultured in minimum 
essential medium (MEM). Four-thousand cells (per well) 
suspended in MEM, were plated onto each well of a 
96-well plate and incubated for 24 h. The tested com-
pounds at the indicated final concentrations were added 
to the culture medium and the cell cultures were contin-
ued for 72 h. Fresh MTT was added to each well at the 
terminal concentration of 5 μg/mL and incubated with 
cells at 37 ℃ for 4 h. The formazan crystals were dis-
solved in 100 μL DMSO each well, and the absorbency 
at 492 nm (for absorbance of MTT formazan) and 630 
nm (for the reference wavelength) was measured using 
the ELISA reader. All of the compounds were tested in 
triplicate in the cell line. The results expressed as IC50 
(inhibitory concentration 50%) were the averages of 
three measurements and calculated by using the Bacus 
Laboratories Incorporated Slide Scanner (Bliss) soft-
ware. 

Results and Discussion 
Ma and his group have developed a copper-catalyzed 

three-component synthesis of 2-N-substituted benzothia-
zoles in 2011.[2] According to the structure of O,O'-di-
ethyl-α-(benzothiazole-2-yl) amino-(phenylmethyl) 
phosphonate, we envisioned that 2-bromoaniline 1 may 
be used to react with primary 1-aminophosphonate 2 
under the catalysis of CuCl2•2H2O in presence of carbon 
disulfide, K2CO3 and N,N-dimethylformamide (DMF) to 
synthesize such products. Performing the reaction using 
the conditions similar to those reported by Ma and co-
workers, the desired product was obtained in 84% yield 
(Scheme 1). 

Scheme 1  Synthesis of α-aminophosphonate derivative 3a 
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3a  

Encouraged by the result, we replaced 2-bromo-
aniline 1 with 1-bromo-2-nitrobenzene 4 and carried out 
the reaction using the following reaction conditions: 
1-bromo-2-nitrobenzene (1 equiv.), CS2 (1.5 equiv.), 
primary 1-aminophosphonate (1.4 equiv.), K2CO3 (4 
equiv.), CuCl2•2H2O (1 equiv.) and SnCl2•2H2O (3 
equiv.) in DMF. To our delight, the desired product was 
isolated in 76% yield after reacting for 7 h at 110 ℃. 
Then, we briefly examined the effect of different tem-
peratures and ratio of 4/SnCl2•2H2O. The results showed 
that at 110 ℃, the reaction preceded smoothly in high 
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yield. To further evaluate the influence of the ratio of 
4/SnCl2•2H2O, the reaction was carried out in DMF at 
110 ℃ using a 1∶1 to 1∶5 ratio of 4/SnCl2•2H2O, 
leading to 3a in 29%, 43%, 74%, 84%, and 79% yields, 
respectively. We concluded the best ratio of 4/SnCl2• 
2H2O was 1∶4. 

With optimized conditions in hand, a series of sub-
stituted primary 1-aminophosphonates 5 were investi-
gated, as shown in Table 1. Both electron-donating and  
-withdrawing primary 1-aminophosphonates could be 
successfully converted to the corresponding α-amino-
phosphonates in high yields. In addition, a high level of 
functional group tolerance was observed, and the effi-
ciency of the reaction was not affected in the presence 
of halides, ether, and nitro group. 

Table 1  Substrate scope of primary 1-aminophosphonates 5 

S

N

N
H

P

Ar

O

OR

OR

Br

NO2
H2N P

Ar

O

OR

OR CS2+ +
catalysis

DMF, K2CO3

4 5

3  

Entry Ar R Product Yielda/% 
1 Ph Et 3a 84 
2 p-F-Ph Et 3b 83 
3 p-Cl-Ph Et 3c 85 
4 p-N(Me)2-Ph Et 3d 85 
5 p-MeO-Ph Et 3e 84 
6 p-MeO-Ph Me 3f 81 
7b m-NO2-Ph Et 3g 86 
a Isolated yields. b Reaction conditions: 2-bromoaniline (1 equiv.), 
CS2 (1.5 equiv.), primary 1-aminophosphonate (1.4 equiv.), 
K2CO3 (4 equiv.), CuCl2•2H2O (1 equiv.) in DMF. 

To highlight the utility of this transformation, pri-
mary 1-aminophosphonate 6 containing ferrocenyl 
group is subjected to the standard reaction conditions 
under a nitrogen atmosphere (Scheme 2). The desired 
product was isolated in good yield (76%). In the case, 
the purification of the final product has been achieved 
by column chromatography on cellulose powder. 

To further explore the potential of our methodology, 
4-substituted 1-bromo-2-nitrobenzenes 9 were investi-
gated as shown in Scheme 3. The substrates 9 also pro-
vided the expected α-aminophosphonates 8a—8c in 
high yields under the standard reaction condition 
(Scheme 3). 
A possible mechanism for the formation of the target 
compounds was proposed and shown in Scheme 4. 
1-Bromo-2-nitrobenzene 4 was reduced by tin(II) chlo-
ride to 2-bromoaniline 1, and the dithiocarbamate salt A 
was generated via the reaction of primary 1-aminopho- 

Scheme 2  Synthesis of α-aminophosphonate derivative 7 
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Scheme 3  Synthesis of α-aminophosphonate derivatives 8 
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sphonate 2 with carbon disulfide in the presence of 
K2CO3. Next, the reaction of dithiocarbamate salts A 
with 2-bromoaniline 1 afforded dithiocarbamates B. The 
amine group of B could attack the C-S double bond to 
generate intermediate C, which would deliver the de-
sired products 3 via elimination of hydrogen sulfide 
with the aid of CuCl2•2H2O. 

Scheme 4  Proposed reaction mechanism 
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The structure of α-aminophosphonate derivatives 3a
—3g, 7 and 8a—8c was thoroughly characterized with 
spectral and elemental analysis. The infrared spectrum 
of compound 7 displayed bands at 3233, 1220 and 1039 
cm－1 due to N—H, P＝O, and P—O stretching frequen-
cies, respectively. The characteristic bands of the ferro-
cenyl group in the infrared spectrum of the compound 
appear at 3089, 1443 and 751 cm－1.[13] 

The 1H NMR spectrum of compound 7 exhibited a 
multiplet at δ 7.11—7.64, which accounts for the aro-
matic protons of the benzothiazole ring; a doublet ap-
peared at δ 5.44, which accounts for CH proton; a mul-
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tiplet appeared at δ 3.92—4.42, which accounts for the 
CH2 and ferrocenyl protons. The two ethoxys of the 
phosphonates are magnetically nonequivalent, which is 
caused by the different shielding effects of α-ferrocenyl 
on the two ethoxy groups. The mass spectrum displayed 
the molecular ion [M＋Na]＋ peak at m/z 507. All of the 
nonequivalent carbon atoms were identified in 13C NMR 
and the total number of protons calculated from the in-
tegration curve accorded (in 1H NMR) with the assigned 
structures. 

Biological activities 
The antitumor activities were determined by the 

standard MTT assay against the cancer cell line 
HL-60.[14] The screening results expressed as IC50 are 
summarized in Table 2. The IC50 values were the aver-
age of three independent experiments. The antitumor 
screening results revealed that some target compounds 
exhibited moderate to good antitumor activity against 
HL-60. Compound 3b bearing a fluorine atom at 
4-position of phenyl ring showed moderate cancer in-
hibitory activities against HL-60 with IC50 of 22.4 
μmol/L, removal of the fluorine atom of 3b to give 3a 
resulted in loss of potency, and replacement of the fluo-
rine with chlorine atom in the 4-position of phenyl ring 
rendered lower activity (3b vs. 3c, Table 2). Compounds 
3d and 3e, which have 4-dimethylamino and 4-methoxyl 
substituted phenyl rings, respectively, were inactive 
against HL-60. The antitumor activity of 3f to HL-60 
that was substituted by Me of phosphonate was inactive. 
Compound 7 bearing a ferrocenyl moiety showed mod-
erate cancer inhibitory activity against HL-60 with IC50 
of 13.1 μmol/L. Interestingly, compound 3g bearing a 
nitro group at 3-position of phenyl ring showed good 
cancer inhibitory activity against the tested cell line. 

From the above results, some interesting struc-
ture-activity relationships can be disclosed: the substitu-
tion of electron-donating groups at 4-position of phenyl 
ring is not important for potent activity, and incorpora-
tion of an electrowithdrawing group in the phenyl ring 
leads to significant improvement of potency. 

Conclusions 
In conclusion, we have developed a novel and 

efficient synthetic route to α-aminophosphonates con-
taining benzothiazole moiety via a cascade three-comp-
onent reaction from conveniently available starting ma-
terials. The approaches described here obviously have 
significant advantages in terms of experimental simplic-
ity and easy work-up. The antitumor activities of the 
target compounds were evaluated against HL-60. Com-
pound 3g showed good cancer inhibitory activity against 
the tested cell line. Influence of subtle structural modi- 

Table 2  The antitumor activities of the target compounds 

Entry Compound IC50/(μmol•L－1) 
1 3a ＞100 
2 3b 22.4±2.0 
3 
4 
5 
6 
7 
8 
9 
10 

3c 
3d 
3e 
3f 
3g 
7 
8a 
8b 

35.7±2.5 
＞100 
＞100 
＞100 
8.2±0.3 
13.1±1.1 
＞100 
＞100 

 
fication and steric parameters on structure activity rela-
tionships for identifying lead bioactive compound would 
be taken up in our future course of investigation. 

Acknowledgement 
We are grateful for the financial support from the 

State Ethnic Affairs Commission; Opening Fund of Key 
Laboratory of Ethnic Medicine Resource Chemistry (No. 
MZY 1117). 

References 
[1] Ji, K. G.; Zhu, H. T.; Yang, F.; Shaukat, A.; Xia, X. F.; Yang, Y. F.; 

Liu, X. Y.; Liang, Y. M. J. Org. Chem. 2010, 75, 5670.  
[2] (a) Ma, D. W.; Lu, X.; Shi, L.; Zhang, H.; Jiang, Y. W.; Liu, X. Q. 

Angew. Chem., Int. Ed. 2011, 50, 1118; (b) Chohan, Z. H.; Pervez, 
H.; Scozzafava, A.; Supuran, C. T. J. Chem. Soc. Pak. 2003, 25, 308. 

[3] (a) Mucha, A.; Kafarski, P.; Berlicki, Ł. J. Med. Chem. 2011, 54, 
5955; (b) Vorobyeva, D. V.; Karimova, N. M.; Odinets, I. L.; 
Röschenthaler, G.; Osipov, S. N. Org. Biomol. Chem. 2011, 9, 7335; 
(c) Palacios, F.; Olszewski, T. K.; Vicario, J. Org. Biomol. Chem. 
2010, 8, 4255; (d) Fang, H.; Xie, H.; Hong, B.; Zhao, Y.; Fang, M. 
Phosphorus, Sulfur Silicon Relat. Elem. 2011, 186, 2145; (e) Cai, Z.; 
Fan, Y.; Du, G.; He, L. Chin. J. Chem. 2012, 30, 1658. 

[4] (a) Yang, S.; Song, B. A.; Wu, Y. L.; Jin, L. H.; Liu, G.; Hu, D. Y.; Lu, 
P. Chin. J. Org. Chem. 2004, 24, 1292 (in Chinese); (b) Bai, S.; Song, 
B. A.; Bhadury, P. S.; Yang, S.; Hu, D. Y.; Xue, W. Chin. J. Chem. 
2011, 29, 109; (c) Zhou, X.; Xu, Q.; Liang, J.; Fu, Z.; Yin, D. Chin. J. 
Org. Chem. 2012, 32, 393 (in Chinese); (d) Wan, D.; Wu, M.; Ma, J. 
Chin. J. Org. Chem. 2012, 32, 13 (in Chinese). 

[5] Kidwai, M.; Bhardwaj, S.; Mishra, N. K.; Jain, A.; Kumar, A.; 
Mozzumdar, S. Catal. Sci. Technol. 2011, 1, 426. 

[6] Gangwar, N.; Kasana, V. K. Synth. Commun. 2011, 41, 2800. 
[7] Jin, L.; Song, B.; Zhang, G.; Xu, R.; Zhang, S.; Gao, X.; Hu, D.; 

Yang, S. Bioorg. Med. Chem. Lett. 2006, 16, 1537. 
[8] Han, W.; Mayer, P.; Ofial, A. R. Adv. Synth. Catal. 2010, 352, 1667. 
[9] Gu, L.; Li, X. J. Braz. Chem. Soc. 2011, 22, 2036. 

[10] Wu, M. X.; Zhang, X. Z. J. Chem. Res. 2008, 2, 562. 
[11] Mohamed, N. R. Phosphorus, Sulfur Silicon Relat. Elem. 2006, 181, 

683. 
[12] Bhagat, S.; Chakraborti, A. K. J. Org. Chem. 2007, 72, 1263. 
[13] Gu, L.; Yang, B.; Liu, L. J. Braz. Chem. Soc. 2010, 21, 58. 
[14] Gu, L.; Jin, C. Org. Biomol. Chem. 2012, 10, 7098. 

(Lu, Y.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


