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A new and rapid sol vent-free syn the sis of heterocyclic thioureas in a mi cro wave oven has been re ported
for the first time. Nine heterocyclic thioureas that pos sess bi o log i cal ac tiv ity have been syn the sized. The re ac -
tion time is short (2-4.5 min) and gives ex cel lent yields (82.9-95.5%).

IN TRO DUC TION

In re cent years, the use of mi cro wave tech nol ogy in or -
ganic syn the sis has re ceived con sid er able at ten tion,1-4  the
rea son is that this tech nol ogy can in crease the pu rity of the re -
sult ing prod ucts, en hance the chem i cal yield and shorten the
re ac tion time.5-7 But most of them use sol vents,8-9 but with the 
high vapour pres sure of sol vents, it some times lead ing to ex -
plo sions.

More over, as we know, sol vent-free or ganic syn the sis
has great ap plied value and ex pan sive pros pects. It has many
ad van tages such as high ef fi ciency and se lec tiv ity, easy sep a -
ra tion and pu ri fi ca tion and en vi ron men tal ac cept abil ity.10 All 
these mer its are in ac cord with the green pro duc tion’s re -
quests of en ergy-saving and high ef fi ciency. It is one of the
few clean-productions that can be used by chem ists. To day, it
has been widely used in a va ri ety of or ganic re ac tions.11-15

How ever, the solid-state syn the sis of heterocyclic thioureas
has not been re ported so far.

RE SULTS AND DIS CUS SION

Heterocyclic thioureas com pounds are known to ex -
hibit an ti vi ral,16 antituberculous, 17 fun gi cidal,18  and her bi -
cidal ac tiv i ties.19 Mean while, some N-heterocyclic com -
pounds (such as antipyrine) have been found to ex hibit wide
phys i o log i cal ac tiv ity,20 too. There fore, par tic u larly in tense
in ter est has been di rected to ward the syn the sis of them. Gen -
erally, the prep a ra tion of these com pounds has been car ried
out in so lu tion. All the ex ist ing meth ods have their mer its.
But they also have draw backs such as us ing large amounts of

vol a tile and poi son ous sol vents and need a long re ac tion
time.

In or der to over come the dis ad van tages dis cussed
above, avoid the use of a sol vent and syn the size these valu -
able com pounds rap idly and with a high ef fi ciently, we in ves -
ti gated a new way—sol vent-free syn the sis us ing a mi cro -
wave oven.

In this pa per, a new sol vent-free ad di tion re ac tion of
isothiocyanates and heterocyclic pri mary amine was stud ied.
By this new method, nine heterocyclic thioureas have been
syn the sized in ex cel lent yields (82.9-95.5%). This method
needs only a short re ac tion time (2-4.5 min). The struc tures of 
the prod ucts were con firmed by El e men tal anal y sis IR and 1H 
NMR spec tros copy. The ref er ences in the lit er a tures of these
com pounds were given.21
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a) X=Cl, Ar= 2-Pyridyl b) X=Cl, Ar =2-Benzothiazolyl

c) X=Cl, Ar = 4-Antipyrinyl d) X=Br, Ar = 2-Pyridyl

e) X=Br,Ar=2-Benzothiazolyl f) X=Br, Ar = 4-Antipyrinyl

g) X=EtO, Ar = 2-Pyridyl h) X=EtO, Ar=2-Benzothiazolyl

i) X=EtO, Ar= 4-Antipyrinyl
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EX PER I MEN TAL SEC TION

Melting points were de ter mined with a Kofler mi cro
melt ing point ap pa ra tus and were un cor rected. IR spec tra
were re corded on a SP3-300 spectrophotometer in KBr. 1H
NMR spec tra were mea sured on a Bruker DPX-400M spec -
trom e ter us ing TMS as in ter nal stan dard and CDCl3 as sol -
vent. El e men tal anal y ses were per formed on a PE-2400 CHN
el e men tal analyser. Mass spec tra were re corded on a
KRATOS-AEI-MS50 (U.K.).

Gen eral Pro ce dure for the Prep a ra tion of N-Aryl-N -
 heterocyclyl Thiourea (2a-2i)

Aryl isothiocyanate (1 mmol) and heterocyclic pri mary
amine (1 mmol) were mixed thor oughly in an ag ate mor tar.
Then the mix ture was put into a house hold mi cro wave oven
(the power out put is 750W). The ad jus tor of the mi cro wave
oven was set to the proper tem per a ture (about 50 C). The re -
ac tants were ir ra di ated for a pe riod of 2-4.5 min. The re ac tion 
was traced with thin-layer chro ma tog ra phy. Af ter the re ac -
tion was com pleted, the crude prod ucts were recrystallized
with eth a nol and dried un der vac uum to yield the pure prod -
ucts.

N-(4-chlorophenyl)-N -(2-pyridyl) thiourea (2a)
White tab u lar; Yield 88.5 ; mp 198-200  C; IR max

(KBr): 3217, 3170 (m, N-H), 3080 (w, ArH), 1600, 1540 (m,
Ar), 1260 (m, C=S), 1186 (m, C-N), 825, 776, 725 cm 1; 1H
NMR : 6.69-8.26 (m, 8H, ArH), 9.38 (s, 1H, NH), 13.74 (s,
1H, NH); Anal. Calcd. for C 12H10ClN3S: C, 54.65; H, 3.80; N, 
15.94. Found: C, 54.51; H, 3.55; N, 15.96.

N-(4-chlorophenyl)-N -(2-benzothiazolyl) thiourea (2b)
White stick; Yield 83.7 ; mp 219.5-221.5  C; IR max

(KBr): 3174 (m, N-H), 3030 (w, ArH), 1605, 1590 (m, Ar),
1262 (m, C=S), 1189 (m, C-N), 836, 757 cm 1; 1H NMR :
7.28-7.75 (m, 8H, ArH), 9.15 (s, 1H, NH), 12.98 (s, 1H, NH);
Anal. Calcd. for C14H10ClN3S2: C, 52.58; H, 3.13; N, 13.15.
Found: C, 52.39; H, 3.25; N, 13.10.

N-(4-chlorophenyl)-N -(4-antipyrinyl) thiourea (2c)
White nee dle; Yield 95.5 ; mp 210-212 C; IR max

(KBr): 3262, 3110 (m, N-H), 3066 (w, ArH), 2929 (w, CH3),
1636 (m, C=O), 1617, 1574 (m, Ar), 1293 (m, C=S), 833,
726, 721 cm 1; 1H NMR : 2.30 (s, 3H, CH3), 3.17 (s, 3H,
CH3), 7.17-7.59 (m, 9H, ArH), 8.88-8.07 (s, 1H, NH), 10.10
(s, 1H, NH); Anal. Calcd. for C 18H17ClN4OS: C, 57.99; H,
4.56; N, 15.03. Found: C, 57.72; H, 4.39; N, 14.89.

N-(4-bromophenyl)-N -(2-pyridyl) thiourea (2d)
White nee dle; Yield 87.2 ; mp 207.5-208.5 C; IR max

(KBr): 3215, 3170 (m, N-H), 3082 (w, ArH), 1599, 1535 (m,
Ar), 1264 (m, C=S), 1187 (m, C-N), 826, 776, 720 cm 1; 1H
NMR : 6.67-8.26 (m, 8H, ArH), 9.20 (s, 1H, NH), 13.75 (s,
1H, NH); Anal. Calcd. for C 12H10BrN3S: C, 46.75; H, 3.25; N, 
13.64. Found: C, 46.45; H, 3.02; N, 13.79.

N-(4-bromophenyl)-N -(2-benzothiazolyl) thiourea (2e)
White nee dle; Yield 84.0 ; mp221-223 C; IR max

(KBr): 3175 (m, N-H), 3035 (w, ArH), 1600, 1590 (m, Ar),
1260 (m, C=S), 1188 (m, C-N), 837, 756 cm 1; 1H NMR :
7.18-7.77 (m, 8H, ArH), 9.30 (s, 1H, NH), 12.05 (s, 1H, NH);
Anal. Calcd. for C14H10BrN3S2: C, 46.15; H, 2.75; N, 11.54.
Found: C, 46.50; H, 2.72; N, 11.33.

N-(4-bromophenyl)-N -(4-antipyrinyl) thiourea (2f)
White nee dle; Yield 93.9 ; mp 210-212 C; IR max

(KBr): 3261, 3111 (m, N-H), 3066 (w, ArH), 2930 (w, CH3),
1635 (m, C=O), 1617, 1576 (m, Ar), 1294 (m, C=S), 829,
761, 721 cm 1; 1H NMR : 2.32 (s, 3H, CH 3), 3.17 (s, 3H,
CH3), 7.41-7.69 (m, 8H, ArH), 8.61 (s, 1H, NH), 10.23 (s, 1H, 
NH); Anal. Calcd. for C18H17BrN4OS: C, 51.80; H, 4.08; N,
13.43. Found: C, 51.61; H, 4.33; N, 13.15.

N-(4-ethoxyphenyl)-N -(2-pyridyl) thiourea (2g)
White nee dle; Yield 88.2%; mp 200-202 C; IR max

(KBr): 3219, 3169 (m, N-H), 3084 (w, ArH), 2980, 2935 (w,
Et), 1596, 1536 (m, Ar), 1244 (m, C=S), 1188 (m, C-N), 820,
776, 746 cm- 1; 1H NMR : 1.44 (t, 3H, CH3), 4.07 (q, 2H,
CH2), 6.65-8.27 (m, 8H, ArH), 9.46 (s, 1H, NH), 13.48 (s, 1H, 
NH); MS (m/z): 273 (M+)  179, 137, 108, 94 (B), 78; Anal.
Calcd. for C14H15N3OS: C, 61.54; H, 5.49; N, 15.38. Found:
C, 61.14; H, 5.76; N, 15.21.

N-(4-ethoxyphenyl)-N -(2-benzothiazolyl) thiourea (2h)
White stick; Yield 82.9%; mp 212-214 C; IR max

(KBr): 3174 (m, N-H), 3025 (w, ArH), 2983, 2920 (w, Et),
1594, 1573 (m, C=O), 1242 (m, C=S), 1188 (m, C-N), 839,
756 cm-1; 1H NMR : 1.44 (t, 3H, CH3), 4.08 (q, 2H, CH2),
6.91-7.79 (m, 8H, ArH), 9.31 (s, 1H, NH), 12.55 (s, 1H, NH);
Anal. Calcd. for C 16H15N3OS2:C, 58.36; H, 4.56; N, 12.77.
Found: C, 58.22; H, 4.57; N, 12.42.

N-(4-ethoxyphenyl)-N -(4-antipyrinyl) thiourea (2i)
White nee dle; Yield 91.1%; mp 206-208 C; IR max

(KBr): 3262, 3111 (m, N-H), 3065 (w, ArH), 2929 (w CH3),
1637 (m, C=O), 1618, 1574 (m, C=O), 1293 (m, C=S), 830,

74     J. Chin. Chem. Soc., Vol. 48, No. 1, 2001 Li et al.



761, 720 cm -1; 1H NMR : 1.37 (t, 3H, CH3), 2.31 (s, 3H,
CH3), 3.16 (s, 3H, CH3), 3.98 (q, 2H, CH2), 6.74-7.40 (m, 9H,
ArH), 8.40 (s, 1H, NH), 9.51 (s, 1H, NH); Anal. Calcd. for
C20H22N4O2S: C, 62.83; H, 5.76; N, 14.66. Found: C, 62.74;
H, 5.47; N, 14.56.
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