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Four compounds were prepared by reacting 4,6-dimethyl-2-mercaptopyrimidine with �-bromo-�-(1,2,4- 
triazol-1-yl)-substituted acetylbenzene. Their structures were identified by means of elemental analysis, IR, and 1H 
NMR spectra. The single crystal structure of 2-[1-(1,2,4-triazol-1-yl)-1-p-methoxyphenylcarbonylmethylthio]-4,6- 
dimethyl-pyrimidine was also determined. It crystallizes in monoclinic system, space group P21/c, a 0.8016(2) nm, 
b 1.2462(3) nm, c 1.7824(4) nm, � 99.89(3)°, Z 4, V 1.7540(7) nm3, Dc 1.346 g/cm3, � 0.205 mm 1, 
F(000) 744, final R1 0.0452. There is obviously potentially weak C H N intermolecular interaction between 
the molecules in the crystal lattice, which stabilizes the crystal structure. The result of the biological test showed 
that the four compounds all have some fungicidal and plant growth regulating activities. 
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Introduction 

As an important type of fungicides, triazole com-
pounds are highly efficient, low poisonous and inward 
absorbent.1-3 At present, the studies on triazole deriva-
tives are mainly concentrated on compounds with tria-
zole as the only active group. The report on triazole 
compounds that contain both triazole group and other 
active group in a single molecule has rarely been found. 
Some pyrimidines have been used as highly efficient 
and lowly poisonous fungicides4 in controling powdery 
mildew. Taking advantage of the concept of bioisoster-
ism, four novel compounds containing pyrimidine ring 
which have different fungicide mechanism from triazole 
compounds were designed and synthesized in order to 
search for the new triazole compounds with higher bio-
activity. In this paper, we reported the synthesis, struc-
ture characterization and biological activities of four 
novel triazole compounds containing 4,6-dimethyl- 
pyrimidine-2-ylthio group. Also, the single crystal 
structure of the compound 2-[1-(1,2,4-triazol-1-yl)-1-p- 
methoxyphenylcarbonylmethylthio]-4,6-dimethyl- 
pyrimidine was determined by X-ray diffraction study. 
The synthetic route of these compounds is described as 
Scheme 1. 

Experimental 
Materials and general methods 

All chemicals were obtained from commercial 
sources and used without further purification. Elemental 
analyses were measured with a Perkin-Elmer 1400C 
analyzer. IR spectra (4000 400 cm 1), as KBr pellets, 
were recorded on a Nicolet FT-IR 170X spectropho-
tometer. 1H NMR spectra were measured with a JEOL 
FX-90Q nuclear magnetic resonance spectrometer 
(CDCl3 as solvent, TMS as internal standard). The 
melting points were determined on a Yanaco MP-500 
melting point apparatus. 

Synthesis of the target compounds 

The intermediate I was prepared by reacting acety-
lacetone with thiourea according to the literature report.5 
Intermediate II was prepared by aryl methyl ketone re-
acting with bromine in anhydrous ether according to 
reference.6 Intermediate III was prepared by the reac-
tions of 1H-1,2,4-triazole with intermediate II in the 
presence of triethylamine in acetone according to litera-
ture.7 The synthesis of the intermediate IV and the title 
four target compounds are described below. 

To a 250 mL of flask were added 0.1 mol (18.7
22.1 g) of intermediate III in 20 mL of chloroform, 100 
mL of acetic acid and 0.1 mol (8.2 g) of sodium acetate. 
Then 0.1 mol (8 g) of bromine was dropwise added with    
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Scheme 1 

 
 

stirring at room temperature. The reaction was main-
tained until the mixture was turned into colorless or 
light yellow for about 2 3 h. Then 50 mL of water and 
50 mL of chloroform were added. Organic layer was 
successively washed with saturated sodium bicarbonate 
solution and brine, then dried over anhydrous magne-
sium sulfate and the chloroform solution containing in-
termediate IV was filtrated into a 100 mL flask. Cooled 
with ice-water, 30 mL of acetone solution of intermedi-
ate I (15 mmol) and 15 mmol of triethylamine which 
was used as the binding acid reagent were added under 
stirring, and the mixture was stirred at room temperature 
(about 18 ) for 1.5 h. The solution was filtered, con-
centrated and purified by flash column chromatography 
(silica gel, using Vethyl ethanoate Vcyclohexane 1 4 as 
eluent) to afford the target four compounds: 
2-[1-(1,2,4-triazol-1-yl)-1-phenylcarbonylmethylthio]- 
4,6-dimethyl-pyrimidine (1), 2-[1-(1,2,4-triazol-1-yl)-1- 
p-cholrophenylcarbonylmethylthio]-4,6-dimethylpyri- 
midine (2), 2-[1-(1,2,4-triazol-1-yl)-1-p-methyl- 
phenylmcarbonylmethylthio]-4,6-dimethylpyrimidine (3) 
and 2-[1-(1,2,4-triazol-1-yl)-1-p-methoxyphenyl- 
carbonylmethylthio]-4,6-dimethylpyrimidine (4). Single 
crystals suitable for X-ray measurements of 4 were ob-

tained by recrystallization from ethyl ethanoate/ 
cyclohexane (V V 1 3) at room temperature. The 
physical and elemental analysis data are list in Table 1. 

Determination of crystal structure of 4 

In the determination of the structure of the single 
crystal, X-ray intensities were recorded by a Rigaku 
Raxis-IV diffractometer using Mo ��� ��������	� 
�
0.071073 nm) graphite monochromator. In the range of 
2.00° � 27.53°, 3257 independent reflections were 
obtained.  

The summary of the key crystallographic informa-
tion is given in Table 2. The structure was solved by 
direct methods using SHELXS-97 program.8 All the 
non-hydrogen atoms were refined on F2 anisotropically 
by full-matrix least squares method. Hydrogen atoms 
were located from the difference Fourier map and added 
to the structure calculations, but their positions were not 
refined. The contributions of these hydrogen atoms were 
included in structure-factor calculations. The final 
least-square cycle gave R 0.0452, Rw 0.1152 for 
2189 reflections with I 2σ(I) and the weighting 
scheme, w 1/[σ2( 2

oF ) (0.0696P)2], where P ( 2
oF

2 2
cF )/3. The maximum and minimum difference 

Table 1  The physical and elemental analysis data of compounds 1 4 

Elemental analysis (Calcd./%) 
Compound R Yield/% m.p./  

C H N 
Color 

1 H 41 (13.3 g) 87 89 59.24 (59.06) 4.49 (4.56) 21.45 (21.52) white 

2 p-Cl 62.6 (22.5 g) 98 100 53.29 (53.41) 3.98 (3.92) 19.53 (19.46) white 

3 p-CH3 53.9 (18.3 g) 120 122 60.27 (60.16) 5.02 (5.05) 50.5 4 (20.63) white 

4 p-CH3O 67 (23.7 g) 147 148 57.39 (57.45) 4.87 (4.82) 19.77 (19.70) white 
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Table 2  Crystal data and structure refinement for the compound 
4 

Empirical formula C17H17N5O2S 

Formular weight   355.42 

Temperature 293(2) K 

Crystal system, space group Monoclinic, P21/c 

Unit cell dimensions a 0.8016(2) nm 

 b 1.2462(3) nm, � 99.89(3)° 

 c 1.7824(4) nm 

Volume 1.754(7) nm3 

Z, Calculated density 4, 1.346 Mg/m3 

Absorption coefficient 0.205 mm 1 

F(000)   744 

Crystal size 0.22 mm 0.26 mm 0.34 mm 

� range for data collection 2.00° to 27.53° 

Limiting indices 10 h 10 

0 k 16 

23 l 23 

Reflections collected/unique 5553/3257 [Rint 0.0310] 

Completeness to � 27.53° 80.5 % 

Data/restraints/parameters 3257/0/227 

Goodness-of-fit on F2    1.036 

Final R indices [I 2�(I)] R1 0.0452, wR2 0.1152 

R indices (all data) R1 0.0827, wR2 0.1251 

Largest diff. peak and hole 245 and 242 e�nm 3 

 
peaks and holes are 245 and 242 e/nm3, respectively. 
S 1.036. The final position parameters of 
non-hydrogen atoms are given in Table 3. 

Results and discussion  

Spectral characterization of target compounds 

The experimental results with IR and 1H NMR spec-
tral data are shown in Table 4. 

The IR spectra of compounds 1 4 show a little dif-
ferences. The absorption peaks at about 3100 cm 1 are 
attributed to unsaturated C H bond stretching vi-
bration, and the absorption peak at 900 650 cm 1 is 
assigned to the C H outside-plane bending vibra-
tion. The strong absorption in the range of 860 and 800 
cm 1 is assigned to p-disubstituted phenyl. Corre- 
sponding absorption peak appears in this range in the 
compound, and the relation absorption peak frequency 
and p-disubstituted satisfy: CH3O Cl CH3. The 
strong absorption peaks at 1650 1720 cm 1 are as-
signed to carbonyl. The p-disubstituted phenyl effects 
the absorption of carbonyl, and the absorption peak fre-
quency satisfy: H Cl CH3 CH3O. The conjugation 
with p-disubstituted phenyl ring can make carbonyl 
stretching vibration absorption change. The medium  

Table 3 Atomic coordinates ( 104) and equivalent isotropic 
displacement parameters (nm2 10) for the compound 4  

Atom x y z Ueq 

S(1) 8080(1) 1914(1) 4334(1) 55(1) 

O(1) 8926(1) 8329(1) 3380(1) 69(1) 

O(2) 9401(2) 3265 (1) 3340(1) 61(1) 

N(1) 5955(2) 3635(1) 4124(1) 41(1) 

N(2) 5153(2) 3624(2) 3382(1) 52(1) 

N(3) 3323(3) 4030(2) 4177(1) 59(1) 

N(4) 7316(3) 513(2) 5295(1) 59(1) 

N(5) 7046(2) 2347(2) 5662(1) 52(1) 

C(1) 8356(4) 9060(2) 3900(2) 75(1) 

C(2) 8865(3) 7257(2) 3525(1) 49(1) 

C(3) 931632) 6590(2) 2963(1) 54(1) 

C(4) 9286(3) 5500(2) 3050(1) 49(1) 

C(5) 8792(2) 5034(2) 3691(1) 40(1) 

C(6) 8388(3) 5711(2) 4251(1) 45(1) 

C(7) 8430(3) 6813(2) 4176(1) 48(1) 

C(8) 8733(3) 3854(2) 3744(1) 43(1) 

C(9) 7741(3) 3355(2) 4320 (1) 41(1) 

C(10) 4833(3) 3867(2) 4572(1) 48(1) 

C(11) 3598(3) 3868(2) 3457(1) 57(1) 

C(12) 7391(3) 1573(2) 5198(1) 50(1) 

C(13) 6580(3) 2019(2) 6320(1) 55(1) 

C(14) 6488(3) 938(2) 6481(2) 64(1) 

C(15) 6863(3) 196(2) 5956(2) 63(1) 

C(16) 6174(4) 2878(2) 6845(1) 71(1) 

C(17) 6770(4) 997(2) 6076(2) 90(1) 
a Ueq is defined as one third of the trace of the orthogonalized Uij 
tensor. 

absorption band at around 1500 cm 1 can be attributed 
to C N stretching vibration absorption of trizole ring. 
The weak absorption at around 705 570 cm 1 can be 
attributed to the C S absorption band. 

The 1H NMR data for compounds 1 4 are the same 
as predicted. Pyrimidine ring is an isolated coupling 
system, and environment has no big effect on it. The 
chemical shift of hydrogen of pyrimidine ring is about � 
6.8. The chemical shifts of hydrogen of two methyl 
groups appear at around � 2.45. The chemical shift of R 
group changes along with substituent variety. If R is 
phenyl, there are five obvious peaks at � 7 8 and if R 
is p-substituted phenyl, it shows two peaks: one doublet 
at around � 8.0 and the other doublet at 7.25. The 1H 
NMR data are in good agreement with the crystal struc-
tures described below. 
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Description of the crystal structure of 4 

Figure 1 shows a perspective view of compound 4 
with atomic numbering scheme, and Figure 2 shows a 
perspective view of the crystal packing. Selected bond 
lengths and angles are presented in Table 5. 

In compound 4, the bond lengths and angles are 

generally normal in phenyl ring and triazole ring.9,10 
The bond lengths and angles in 4,6-dimethyl-pyrimidin- 
2-ylthio group are in good agreement with those in the 
earlier report.11 The triazole ring [N(1), N(2), N(3), 
C(11) and C(12)] and the conjunction carbon atom C(9) 

 

Table 4  IR and 1H NMR spectral data of compounds 1 4 

IR/cm 1 
Compound 

C H C H C O C C C N C H outside C S 

1 1376  1716  1499  583 

2 1370 3102 1702 1589 1502 811 677 

1370 3146, 3039 1697 1604 1503 810 677 
3 

   1578    

4 1422 3121, 3010 1689 1574 1504 817 677 

Compound 1H NMR � 

1 

 

8.65 (s, 1H, TrH), 8.27 (s, 1H, TrH), 7.94 (s, 1H, CH), 7.26 8.27 (m, J 7.4 Hz, 5H, PhH), 6.84 (s, 1H, PyH), 2.46 (s, 

6H, PyCH3)
 

2 

 

8.64 (s, 1H, TrH), 8.22 (s, 1H, TrH), 7.98 (s, 1H, CH), 7.26 (d, J 8.5 Hz, 2H, PhH), 8.09 (d, J 8.5 Hz, 2H, PhH), 6.85 

(s, 1H, PyH), 2.46 (s, 6H, PyCH3)
 

3 

 

8.66 (s, 1H, TrH), 8.25 (s, 1H, TrH), 7.94 (s, 1H, CH), 7.21 (d, J 8.1 Hz, 2H, PhH), 8.04 (d, J 8.1 Hz, 2H, PhH), 6.83 

(s, 1H, PyH), 2.45 (s, 6H, PyCH3), 2.41 (s, 3H, PhCH3) 

4 

 

8.67 (s, 1H, TrH), 8.23 (s, 1H, TrH), 7.93 (s, 1H, CH), 6.87 (d, J 8.9 Hz, 2H, PhH), 8.14 (d, J 8.9 Hz, 2H, PhH), 6.83 

(s, 1H, PyH), 3.87 (s, 3H, CH3O), 2.45 (s, 6H, PyCH3) 

Table 5  Selected bond lengths (nm) and angles (°) for compound 4 

S(1) C(12) 0.1775(3) S(1) C(9) 0.1816(2) 

O(1) C(2) 0.1364(3) O(1) C(1) 0.1429(3) 

O(2) C(8) 0.1215(3) N(1) C(10) 0.1332 

N(1) N(2) 0.1368(2)   

C(12)-S(1)-C(9) 100.40(11) C(2)-O(1)-C(1) 118.3(2) 

O(2)-C(8)-C(9) 118.9 O(2)-C(8)-C(5) 122.9 

C(5)-C(8)-C(9) 118.2 N(1)-C(9)-C(8) 110.07 

N(1)-C(9)-S(1) 112.26   

 

 

Figure 1  Molecular structure for compound 4 with the atomic 
numbering scheme. 

  

 

Figure 2  A view of the crystal packing down the a-axis for 
compound 4. 



1312  Chin. J. Chem., 2004, Vol. 22, No. 11  XU et al. 

are fairly coplanar, and the deviation from the least 
squares plane through the ring atoms is smaller than 
0.0023(3) nm. Plane equation: 1.8850x 12.0802y  
1.9669z 4.6792. The phenyl ring [C(2), C(3), C(4), 
C(5), C(6) and C(7)], carbon atom C(8) and oxygen O(1) 
atom in methoxy group are also quite coplanar with  
plane equation: 7.1445x 0.1236y 5.2308z 8.2745, 
and the largest deviation from the least squares plane 
through the ring atoms is 0.0026(3) nm. The dihedral 
angle between the triazole ring moiety and the phenyl 
ring is 79.22(2)°. Nine non-H atoms in 4,6-dimethyl- 
pyrimidin-2-ylthio group are also quite coplanar, and 
the largest deviation from the least squares plane is 
0.0021(3) nm. Plane equation: 7.1310x 0.0394y
5.2958z 8.0433. This plane is nearly parallel to the 
plane of p-methoxyphenyl ketone, with the dihedral 
angle of 0.44(2)°. The dihedral angle between the plane 
of 4,6-dimethyl-pyrimidin-2-ylthio group with the plane 
of triazole moiety is 79.64(2)º.  

In the crystal lattice, there are two kinds of poten-
tially weak C H N hydrogen bond intermolecular 
interactions.12,13 The donor and acceptor distanc of 
C(3) O(2) is 0.34092 (1) nm [symmetry code: 2 x, 
1/2 y, 1/2 z] with bond angle 159.42(2)º and C(6)

N(3) 0.33399(1) nm [symmetry code: 1 x, 1 y, 1 z] 
with bond angle 139.86(2)º. The crystal packing is sta-
bilized by these extensive hydrogen bonds.  

Biological activity 

The experimental results with fungicidal and plant 
growth regulating activities of these compounds are 
shown in Table 6. All of the four title compounds ex-
cept compound 1 have some fungus-inhibiting activity 
but not significantly at 50 mg/mL. On the whole, they 
exhibit better efficiency on P. piricola. As far as R is 
concerned, compound 2 has the best comprehensive 
fungus-inhibiting activities with R Cl, and the activity 
order for R is: Cl CH3 CH3O H. This result for the 
active order is possibly related with atom-fit and 
field-fit of action site.14 In the same condition, triazole 
and pyrimidine (intermediate I) have no activities to-
wards tested fungus. All of them have plant growth 
regulating activities. Some of them have strong regula-
tive promoting activities. The promoting rate of com-
pound 4 towards Rooting cucumber cotyladon reached 
47.5% at 10 mg/mL. They possess lower inhibiting ac-
tivity towards Wheat coleoptile elongation. The highest 
inhibiting rate is 6.2%.

Table 6  The fungicidal and plant grown regulating activities of compounds 1 4 

Fungicidal activities (c 0.005%, inhibition)  Plant growth regulating activities (c 0.005%) 

Compound 
P. zeae A. solani P. asparagi P. piricola C. arachidicala 

 
 

Wheat coleoptile  
elougation 

Rooting of cum-
cumber 

cotyledon 

Rape hypocotyl 
inhibition 

1 0 0 0 0 0  0.8 3.8 1.3 

2 11.5 0 0 12.3 0  3.1 20.2 5.9 

3 7.7 0 0 9.2 0  6.2 12.5 1.3 

4 0 0 11.1 7.7 0  2.3 47.5 3.6 

Triazole 0 0 0 0 0  0.7 1.1 0.4 

Pyrimidine 0 0 0 0 0  0.9 1.7 0.6 
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