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Isothiocyanates (ITCs) have been used extensively in
organic synthesis, particularly for the synthesis of various
heterocyclic compounds.1a,b Numerous ITCs including phe-
nethyl ITC (PEITC) and sulforaphane showed interesting
biological activities such as antitumor activity.1c–f Among
ITCs, α-isothiocyanato-α,β-unsaturated ester derivatives,
including paulomycins A and B and their analogues, have
been known as antibiotics.2 In addition, α-isothiocyanato-
α,β-unsaturated esters have been used for the synthesis of
many heterocyclic compounds such as 1,3-oxazolidine-2-
thione,3a 2-alkylthio-4H-imidazol-4-ones,3b,c carbolines,3d

pyrimido[4,5-b]indoles,3d and poly-substituted pyridines.3e

In the early 1990s, we reported an efficient synthesis of
ITCs from primary nitroalkanes in a one-pot procedure
(Eq. (1) in Scheme 1).4 Dehydration of primary nitroalkane
by Mukaiyama procedure5 generates the corresponding
nitrile oxide, and the following [3 + 2] cycloaddition to
C S double bond of thiourea afforded 5,5-diamino-1,4,2-
oxathiazole intermediate.4,6 The 1,4,2-oxathiazole was read-
ily converted to ITC at room temperature in short time
(<5 min.).4,6,7

Morita–Baylis–Hillman (MBH) adducts have been
used for the synthesis of various cyclic and acyclic com-
pounds.8 During our continuous studies with MBH adducts,
we reasoned out that α-isothiocyanato-α,β-unsaturated ester
3 could be synthesized from primary nitroalkane 2,

prepared from MBH acetate 1 and NaNO2,
9 as shown in

Eq. (2). The synthesis of 3 has been reported by sequential
Knoevenagel condensation of aldehyde and methyl azidoa-
cetate to form the azide derivative, a subsequent Staudinger
reaction with PPh3 to form iminophosphorane, and the aza-
Wittig reaction with carbon disulfide (Eq. (3) in Scheme
1).3,10 However, the yields of α-isothiocyanato-α,-
β-unsaturated esters were low to moderate in most cases
(49–78%).3a,3c,10a

The required primary nitroalkanes 2a–2j were prepared
from MBH acetates and sodium nitrite according to the
reported method.9 The reaction of 2a in the presence of p-
chlorophenylisocyanate (2.0 equiv), thiourea (1.1 equiv),
and a catalytic amount of Et3N (5 mol%) in benzene
(reflux) for 2 h afforded 3a in good yield (83%). Similarly,
the reactions of 2-naphthyl, 5-methyl-2-thienyl, 2-furyl, and
4-nitrophenyl derivatives 2b–2e afforded the corresponding
α-isothiocyanato-α,β-unsaturated esters 3b–3e in good
yields (80–93%). The alkyl derivative 3f and styryl deriva-
tive 3g were also synthesized in good yields (73 and 75%,
respectively). In addition, ethyl ester 3h and acetyl deriva-
tives 3i and 3j were synthesized in good yields
(67–82%).11 The structure of 3g was confirmed unequivo-
cally by its crystal structure,12 as also shown in Table 1.
In summary, a facile one-pot synthetic procedure of

α-isothiocyanato-α,β-unsaturated esters has been developed
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Scheme 1. Synthetic rationale of α-isothiocyanato-α,β-unsaturated esters.
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starting from primary nitroalkanes that prepared from MBH
adducts. The yields of products were higher than the
reported one using expensive methyl azidoacetate. Further
studies on the scope of reaction and biological activity of
the ITCs are currently underway.

Experimental

Typical Procedure for the Synthesis of 3a. A stirred mix-
ture of 2a (221 mg, 1.0 mmol), 4-chlorophenylisocyanate
(306 mg, 2.0 mmol), thiourea (84 mg, 1.1 mmol), and
Et3N (5 mg, 0.05 mmol) in benzene (4.0 mL) was heated
to reflux for 2 h. After the usual aqueous extractive workup
and column chromatographic purification process (hexanes/
Et2O, 10:1) 3a was isolated as a white solid, 182 mg
(83%). Other compounds were synthesized similarly, and
the spectroscopic data of 3a–3j are as follows.
Compound 3a.3e 83%; white solid, mp 52–53 �C; IR

(KBr) 2014, 1728, 1622, 1435, 1259 cm−1; 1H NMR
(CDCl3, 300 MHz) δ 3.87 (s, 3H), 7.22 (s, 1H), 7.34–7.41
(m, 3H), 7.72–7.76 (m, 2H); 13C NMR (CDCl3, 125 MHz)
δ 53.41, 119.32, 128.88, 130.19, 130.82, 131.81, 132.35,
144.16, 163.39; ESIMS m/z 220 [M++H]. Anal. Calcd for
C11H9NO2S: C, 60.26; H, 4.14; N, 6.39. Found: C,
60.50; H, 4.27; N, 6.28.
Compound 3b. 85%; white solid, mp 100–101 �C; IR

(KBr) 2039, 1721, 1617, 1428, 1248 cm−1; 1H NMR
(CDCl3, 500 MHz) δ 3.96 (s, 3H), 7.44 (s, 1H), 7.51–7.57
(m, 2H), 7.84–7.90 (m, 3H), 7.97 (dd, J = 8.0 and 1.5 Hz,
1H), 8.23 (s, 1H); 13C NMR (CDCl3, 125 MHz) δ 53.44,
119.29, 126.07, 126.78, 127.74, 127.82, 128.56, 128.91,

129.92, 131.44, 131.92, 132.99, 134.21, 144.26, 163.48;
ESIMS m/z 270 [M++H]. Anal. Calcd for C15H11NO2S: C,
66.89; H, 4.12; N, 5.20. Found: C, 66.71; H, 4.01; N, 5.26.
Compound 3c. 93%; pale yellow solid, mp 92–93 �C;

IR (KBr) 2032, 1718, 1597, 1434, 1260 cm−1; 1H NMR
(CDCl3, 600 MHz) δ 2.56 (d, J = 0.6 Hz, 3H), 3.90 (s,
3H), 6.77–6.78 (m, 1H), 7.22 (dd, J = 3.6 and 0.6 Hz, 1H),
7.42 (s, 1H); 13C NMR (CDCl3, 150 MHz) δ 15.83, 53.14,
115.19, 126.16, 126.21, 134.22, 134.45, 144.50, 147.25,
163.38; ESIMS m/z 240 [M++H]. Anal. Calcd for
C10H9NO2S2: C, 50.19; H, 3.79; N, 5.85. Found: C,
50.30; H, 3.94; N, 5.82.
Compound 3d. 87%; white solid, mp 65–66 �C; IR

(KBr) 2018, 1726, 1619, 1471, 1435, 1274 cm−1; 1H NMR
(CDCl3, 600 MHz) δ 3.90 (s, 3H), 6.57 (dd, J = 3.6 and
1.8 Hz, 1H), 7.11 (d, J = 3.6 Hz, 1H), 7.25 (s, 1H), 7.58
(d, J = 1.8 Hz, 1H); 13C NMR (CDCl3, 125 MHz) δ 53.28,
112.90, 116.04, 116.67, 120.21, 142.59, 145.44, 149.05,
163.01; ESIMS m/z 210 [M++H]. Anal. Calcd for
C9H7NO3S: C, 51.67; H, 3.37; N, 6.69. Found: C,
51.85; H, 3.20; N, 6.56.
Compound 3e. 80%; white solid, mp 133–134 �C; IR

(KBr) 2027, 1724, 1515, 1347, 1274 cm−1; 1H NMR
(CDCl3, 500 MHz) δ 3.98 (s, 3H), 7.28 (s, 1H), 7.98 (d,
J = 9.0 Hz, 2H), 8.29 (d, J = 9.0 Hz, 2H); 13C NMR
(CDCl3, 125 MHz) δ 53.79, 123.34, 123.99, 127.77,
130.65, 138.39, 146.63, 148.10, 162.68; ESIMS m/z
265 [M++H]. Anal. Calcd for C11H8N2O4S: C, 50.00; H,
3.05; N, 10.60. Found: C, 50.23; H, 3.18; N, 10.43.
Compound 3f. 73%; colorless oil; IR (film) 2032, 1735,

1637, 1437, 1260 cm−1; 1H NMR (CDCl3, 500 MHz) δ

Table 1. Synthesis of α-isothiocyanato-α,β-unsaturated esters.
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0.91 (t, J = 7.0 Hz, 3H), 1.31–1.36 (m, 4H), 1.44–1.50 (m,
2H), 2.34 (q, J = 7.5 Hz, 2H), 3.86 (s, 3H), 6.65 (t,
J = 7.5 Hz, 1H); 13C NMR (CDCl3, 125 MHz) δ 13.90,
22.35, 27.79, 28.77, 31.37, 53.02, 122.95, 139.66, 142.58,
162.40; ESIMS m/z 214 [M++H]. Anal. Calcd for
C10H15NO2S: C, 56.31; H, 7.09; N, 6.57. Found: C,
56.20; H, 7.22; N, 6.54.
Compound 3g. 75%; pale yellow solid, mp

110–111 �C; IR (KBr) 2064, 1719, 1606, 1427,
1277 cm−1; 1H NMR (CDCl3, 600 MHz) δ 3.89 (s, 3H),
6.95–7.00 (m, 1H), 7.14–7.20 (m, 2H), 7.33–7.40 (m, 3H),
7.51–7.53 (m, 2H); 13C NMR (CDCl3, 150 MHz) δ 53.12,
119.97, 122.17, 127.64, 128.91, 129.75, 134.11, 135.65,
142.03, 143.71, 162.96; ESIMS m/z 246 [M++H]. Anal.
Calcd for C13H11NO2S: C, 63.65; H, 4.52; N, 5.71.
Found: C, 63.71; H, 4.77; N, 5.56.
Compound 3h.3a,b 82%; colorless oil; IR (film) 2015,

1724, 1623, 1259 cm−1; 1H NMR (CDCl3, 500 MHz) δ
1.42 (t, J = 7.5 Hz, 3H), 4.40 (q, J = 7.5 Hz, 2H), 7.29 (s,
1H), 7.41–7.47 (m, 3H), 7.81–7.84 (m, 2H); 13C NMR
(CDCl3, 125 MHz) δ 14.26, 62.86, 119.59, 128.85, 130.17,
130.73, 131.42, 132.41, 144.46, 162.86; ESIMS m/z
234 [M++H]. Anal. Calcd for C12H11NO2S: C, 61.78; H,
4.75; N, 6.00. Found: C, 61.95; H, 4.59; N, 6.12.
Compound 3i. 68%; pale yellow solid, mp 72–73 �C;

IR (KBr) 2053, 1667, 1447, 1244 cm−1; 1H NMR (CDCl3,
600 MHz) δ 2.53 (s, 3H), 7.11 (s, 1H), 7.43–7.47 (m, 3H),
7.85–7.86 (m, 2H); 13C NMR (CDCl3, 150 MHz) δ 25.44,
128.59, 128.93, 130.31, 131.04, 131.72, 132.34, 146.94,
191.48; ESIMS m/z 204 [M++H]. Anal. Calcd for
C11H9NOS: C, 65.00; H, 4.46; N, 6.89. Found: C,
65.29; H, 4.28; N, 6.96.
Compound 3j. 67%; white solid, mp 90–91 �C; IR

(KBr) 1987, 1686, 1490, 1275 cm−1; 1H NMR (CDCl3,
500 MHz) δ 2.53 (s, 3H), 7.05 (s, 1H), 7.43 (d,
J = 8.5 Hz, 2H), 7.81 (d, J = 8.5 Hz, 2H); 13C NMR
(CDCl3, 125 MHz) δ 25.44, 129.19, 129.25, 129.98,
130.87, 131.45, 136.90, 147.74, 191.27; ESIMS m/z
238 [M++H], 240 [M++H + 2]. Anal. Calcd for
C11H8ClNOS: C, 55.58; H, 3.39; N, 5.89. Found: C,
55.83; H, 3.48; N, 5.81.
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