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The reactions of p-chlorobenzoyl- and benzoylpyruvic acids with S-methylisothio- 
semicarbazide hydroiodide gave 3-methylthio-6-(p-chlorophenacyl)-2,5-dihydro- 1,2,4-triazin- 
5-one and 6-phenaeyl-2,3,4,5-tetrahydro-l,2,4-triazine-3,5-dione, respectively. The mo- 
lecular and crystal structures of the compounds synthesized were studied by X-ray diffraction 
analysis. 
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It is known I that aroylpyruvic acids react with hydra- 
zine as 13-dicarbonyl systems to form pyrazoles. How- 
ever, the reactions of these acids with urea, ethylenedi- 
amine, and o-phenylenediamine occur at the oxalyt 
group to give derivatives of imidazole, z piperazine, 3 and 
quinoxaline, 4 respectively. The reactions of heterocyclic 
1,2-diamines with aroylpyruvic acids afford fused 
1,4-diazine and 1,2,4-triazine systems. 5-9 

S-Methylisothiosemicarbazide hydroiodide (1) can 
be involved in the reaction with p-chlorobenzoylpyruvic 
acid (2) as a hydrazine, amidine, or 1,2-diamine. Boil- 
ing of a mixture of these reagents in EtOH gave a 
colorless crystalline compound in a yield of 59%. It was 
difficult to establish the structure of the resulting com- 
pound by conventional physicochemical methods be- 
cause putative isomeric products, which can be formed 
in this reaction, should have similar spectral characteris- 
tics, and mass-spectrometric fragmentation would not 
afford characteristic ions, which allow one to differenti- 
ate the structures of the suggested regioisomers. 

X-ray diffraction analysis demonstrated that the crys- 
talline reaction product (Scheme 1) is 3-methylthio-6- 
(p-chlorophenacyl)-2,5-dihydro- 1,2,4-triazin-5-one (4). 
According to the data of IH NMR (DMSO-d6) spec- 
troscopy of this compound, the enamine form 4.4, (-20%) 
was present along with the imino form 4. 

Apparently, the formation of compound 4 involves 
two stages: the attack of the primary amino group of 
reagent 1 on the ct-carbonyl group of acid 2 and the 
intramolecular cyclization of intermediate 3. 

Unexpectedly, it was found that an analogous reac- 
tion of bermoytpyruvic acid (5) with hydroiodide 1 af- 
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forded a product whose spectral characteristics differ 
substantially from those of compound 4. Thus its IR 
spectrum has a band at 1740 cm -z , which corresponds 
to the earbonyl group, and the ZH NMP, spectrum 
shows a signal of the second NH group at 6 12.45. In 
addition, the signal of the S--Me group is absent in the 
IH NMR spectrum. These data suggest that 3-methyl- 
thio-6-phenacyl-2,5-dihydro-l,2,4-triazin-5-one (6), 
which was initially formed in the reaction (Scheme 2), 
underwent hydrolysis to give 6-phenacyl-2,3,4,5-  
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tetrahydro-l,2,4-triazine-3,5-dione (7). Actually, X-ray 
diffraction study confirmed that the reaction product 
has structure 7. 

The formation of different products in the above- 
mentioned reactions is, apparently, associated with the 
difference in the solubility of the compounds, which 
were formed in the course of the reaction, in EtOH. 
Product 4 is insoluble and precipitated, while soluble 
product 6 underwent hydrolysis to form compound 7 
owing to elimination of the water. Hydroiodic acid 
activated this process. 

The overall view of molecule 4 is shown in Fig. 1. 
The bond lengths and bond angles are given in Tables 1 
and 2, respectively. The characteristic feature of the 
molecular structure is pronounced localization of the 
N(5)=C(9) and N(6)=C(11) double bonds in the planar 
triazine ring (1.298 and 1.294 s respectively). The 

Table 1. Bond lengths (d) in molecule 4 

Bond d/A Bond d/A 

C1(1)--C(17) 1.733(3) C(10)--C(ll) 1.473(4) 
S(2)--C(9) 1.754(3) C(1 i)--C(12) 1.487(4) 
S(2)--C(8) 1 .788(3)  C(12)--C(13) 1.514(4) 
O(3)--C(I0) 1.237(3) C(13)--C(14) 1.495(4) 
O(4)--C(13) 1.209(4)  C(14)--C(19) 1.377(4) 
N(5)--C(9) 1 .298(4)  C(14)--C(15) 1.392(4) 
N(5)--C(10) 1.360(3) C(15)--C(16) 1.378(4) 
N(6)--C(11) 1.294(4) C(16)--C(17) 1.385(5) 
N(6)--N(7) 1 .352(3)  C(17)--C(18) 1.366(5) 
N(7)--C(9) 1 .349(3)  C(18)--C(19) 1.386(5) 

ci(i) c ( 1 8 L  _~_ .... o 0(3) 

Fig. 1. Structure of molecule 4. 

remaining interatomic distances in the ring agree well 
with the lengths of the single bonds. The SMe fragment 
is located in the plane of the heterocycle. The Me group 
is in the cis position with respect to the carbonyl group 
in the triazine heterocycle. The carbonyl group of the 
chlorobenzoyl fragment deviates noticeably from the 
plane of the benzene ring (the O(4)C(13)C(14)C(15) 
torsion angle is -25.8~ The angle between the planes 
of the benzene and triazine rings is 116.5 ~ The confor- 
mation of the molecule as a whole is characterized by 
the following torsion angles: N(6)C(11)C(12)C(13), 
101.8~ C( I  1)C(12)C(I 3)C(14), 164.7~ and 
C(12)C(13)C(14)C(15), 152.5 ~ In the crystal, molecules 
4 are grouped about the screw axis and are linked in 
infinite chains through hydrogen bonds. An intermo- 
lecular hydrogen bond occurs between the O(3) and 
N(7) atoms. The parameters of the hydrogen bond 
(N(7). . .O(3),  2.81 A; H(7). . .O(3),  1.93 A; and 
N - - H - - O  angle I72.2 ~ indicate that it is rather strong. 
Apparently, it is the formation of this bond that causes 
the substantial elongation of the C(10)=O(3) bond 
(1.237 A) compared to the C(13)=O(4) bond (1.209 k). 

The character of the crystal packing and the inter- 
molecular hydrogen bond suggest that the tautomeric 
transformation can occur according to the relay mecha- 
nism under the action of external agents. 

R R 

SMe SMe 

Table 2. Bond angles (a0 in molecule 4 

Angle to/deg Angle ~/deg 

C(9)--S(2)--C(8) 100.7(1) 
C(9)--N(5)--C(I0) 117.4(2) 
C(ll)--N(6)--N(7) 116.7(2) 
C(9)--N(7)--N(6) 122.4(2) 
N(5)--C(9)--N(7) 123.7(2) 
N(5)--C(9)--S(2) 122.5(2) 
N(7)--C(9)--S(2) 113.8(2) 
O(3)--C(10)--N(5) 121.4(3) 
O(3)--C(10)--C(11) 120.4(2) 

N(5)--C(10)--C(11) 118.1(2) 
N(6)--C(11)--C(10) 121.6(2) 
N(6)--C(11)--C(12) 118.8(2) 
C(10)--C(11)--C(12) 119.5(2) 
C(11)--C(12)--C(13) 113.3(2) 
O(4)--C(13)--C(14) 120.6(3) 
O(4)--C(13)--C(12) 121.9(3) 
C(14)--C(I 3)--C(12) 117.5(2) 
C(19)--C(14)--C(15) 118.9(3) 

Angle c~/deg 

C(19)--C(14)--C(13) 123.2(3) 
C(15)--C(14)--C(13) 117.9(3) 
C(16)--C(15)--C(14) 121.3(3) 
C(17)--C(16)--C(15) 118.4(3) 
C(18)--C(17)--C(16) 121.3(3) 
C(I 8)--C(17)--CI(I) 119.1(3) 
C(16)--C(17)--CI(I) 119.5(3) 
C(17)--C(18)--C(19) 119.7(3) 
C(14)--C(19)--C(18) 120.4(3) 
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Fig. 2. Structure of molecule 7. 

We observed an analogous tautomeric transforma- 
tion, which was accompanied by the electrochromic 
effect, in the solid phase in the case of  2-(p-dimethyl- 
aminophenyl)-4-chloroindandione- 1,3. l~ 

The overall view of  molecule 7 is shown in Fig. 2. 
The bond lengths and bond angles are given in Tables 3 
and 4, respectively. The virtually planar benzoyl and 
triazine fragments, which are in trans orientations with 
respect to the C(10)--C(1 I) bond, form a dihedral angle 
of  65.2 ~ The length of  the localized N(4)=C(9) double 
bond in the ring is 1.292 A. All distances and bond 
angles in the molecule have standard values and need no 
comments. Unlike compound 4 in which the carbonyl 
group of  the aroyl fragment deviates substantially from 
the plane of  the benzene ring, the benzoyl fragment in 
molecule 7 is virtually planar (the O(3)C(11)C(12)C(13) 
torsion angle is 3.8~ However, this has no effect on the 
electronic structures of the molecules, that is, the bond 
lengths in the benzoyl fragments of two molecules are 
equal within the experimental error, and the conjugation 
between the carbonyl group and the benzene ring is not 
pronounced. 

Table 3. Bond lengths (d) in molecule 7 

Bond d/ A Bond d/A 

O( 1 )--C(7) 1.212(2) C(9)--C(10) 1.493(2) 
O(2)--C(8) 1.225(2) C(10)--C(ll) 1.518(3) 
0(3)--C( I I) 1.220(2) C(I 1 )--C(I 2) t.482(2) 
N(4)--C(9) 1.292(2) C(12)--C(17) 1.395(3) 
N(4)--N(5) 1.352(2) C(12)--C(13) 1.397(3) 
N(5)--C(7) 1.362(3) C(13)--C(14) 1.385(3) 
N(6)--C(8) 1.363(2) C(14)--C(15) 1.381(3) 
N(6)--C(7) 1.386(2) C(15)--C(16) 1.383(3) 
C(8)--C(9) 1.470(3) C(16)--C(17) 1.386(3) 

In the crystal, molecules 7 are linked in centro- 
symmetrical t imers  through the O(2) . . .H(6)- -N(6)  
hydrogen bonds [r(O(2). . .N(6)) = 2.89 A and 
r(O(2)...H(6)) = 1.98 A]. In addition, each associate is 
linked to adjacent associates, which are related to the 
initial one by twofold screw axes, th rough  the 
O(3).. .H(5)--N(5) hydrogen bond [r(O(3)...N(5)) = 2.84 
A and r(O(3)...H(5)) ---- 1.91 A]. Therefore, in the crystal 
molecules are linked through hydrogen bonds to form 
infinite layers parallel to the b axis. The O(1) atom of  
the carbonyl group of  the heterocycle is not involved in 
hydrogen bonding. This is also reflected in the bond 
lengths of  the carbonyl groups, namely, of  three C = O  
bonds, the C(7)=O(1) bond is the shortest (1.2t2 A). 

Generally, the five- and six-membered heterocycles 
that contain phenacyl substituents exist in the tauto- 
merle phenacylidene form. lt.12 This is true for deriva- 
tives of  5-phenacylimidazolidine-2,4-dione, H 3-phen- 
acyl-2-piperazinone, lz 3-phenacyl- 2-quinoxalone, 13,14 
and 3-phenacylbenzo-l ,4-oxazin-2-one 13'14 and is at- 
tributable to stabilization of the phenacylidene form 
through the intramolecular hydrogen bond between the 
O atom of the phenacyl group and the NH group of  the 
heterocycle as well as to the presence of conjugation 
between the phenacylidene and heterocyclic fragments. 
However, in the crystals compounds 4 and 7 occur  in 
the phenacyl (imine) form. 

Experimental 

The IR spectra were recorded on Specord M-80 and 
UR-20 instruments as Nujol mulls. The IH NMR spectra were 
measured on a Bruker W'P-80-SV instrument in DMSO-d 6 
with HMDS as the internal standard. 

3-Methylthio- 6- (p-eblorophenaeyi)-2,5-dihydro- 1,2,4- 
triazin-5-one (4). A solution of hydroiodide I (1.16 g, 5 rrtmol) 
and acid 2 (1.t4 g, 5 retool) was boiled in EtOH (20 mL) for 
2 h, and then the reaction mixture was cooled to -20 ~ The 
precipitate was f'dtered off and recrystaltized from EtOH. The 
yield of compound 4 was 59%, m.p. 231--232 *C. Found (%7: 
C, 48.9; H, 3.6; CI, 11.9; N, 14.4; S, 11.2. CI2HIoCIN302S. 
Calculated (%): C, 48.7; H, 3.4; C1, 12.0; N, 14.3; S, 11.0. IR, 
v/era-l: 1596 (C=N); 1630 (C=O); 1688 (C--O); 3200, 3450 br 
(NH). 1H NMR, 8:4.23 (s, 2 H, CH2); 6.37 (s, I H, CH); 7.42 
and 7.13 (both dd, 4 H, C6H4); 10.42 (s, i H, NH). The signal 
of the SMe group is masked by the signal of the solvent. The 
IH NMR spectrum has aLso the signal of the isomeric enamine 

Table 4. Bond angles (co) in molecule 7 

Angle o/deg Angle co/dog 

C(9)--N(4)--N(5) 118.!(2) 
N(4)--N(5)--C(7) 126.1(2) 
C(8)--N(6)--C(7) 124.8(2) 
O(1)--C(7)--N(5) 123.5(2) 
O(1)--C(7)--N(6) 122.5(2) 
N(5)--C(7)--N(6) 113.9(2) 
O(2)--C(8)--N(6) 122.1(2) 
O(2)--C(8)--C(9) 123.7(2) 

N(6)--C(8)--C(9) 114.2(2) 
N(4)--C(9)--C(8) 122.5(2) 
N(4)--C(9)--C(10) 119.1(27 
C(8)--C(9)--C(10) 118.4(2) 
C(9)--C(10)--C(11) 111.8(2) 
O(3)--C(I 1)--C(12) 120.9(2) 
O(3)--C(11)--C(10) 120.2(27 
C(12)--C(1 I)--C(10) 118.8(2) 

Angle o/dog 

C(17)--C(12)--C(13) 119.5(2) 
C(17)--C(12)--C(1 l) 122.1(2) 
C(13)--C(12)--C(11) 118.3(2) 
C(14)--C(13)--C(12) 120.1(27 
C(15)--C(14)--C(13) I20.0(2) 
C(14)--C(15)--C(I6) 120.2(27 
C(15)--C(16)--C(17) 120.5(2) 
C(16)--C(17)--C(12) 119.6(2) 
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form (4A) (6 6.37, =CH); the ratio of the imine and enamino 
forms is 4 : 1. 

6-Phenaeyl-2,3,4,5-tetrahydro- 1,2,4-triarl-e-3,.5-dione (7). 
A solution of hydroiodide 1 (1.16 g, 5 retool) and acid 5 
(0.96 g, 5 retool) was boiled in EtOH (20 mL) for 2 h, and 
then the reaction mixture was cooled to ~20 ~ The preeipi- 
rate was fdtered off and recrystallized from EtOH. The yield of 
compound 7 was 69%, m.p. 208--210 *C. Found (%): C, 57.2; 
H, 4.0; N, 18.1. CttHgN303. Calculated (%): C, 57.1; H, 3.9; 
N, 18.0. IR, v/cm-l:  1690, 1712, 1740 (C=O); 3196, 3268 
(NH). IH NMR, 8:4.12 (s, 2 H, CH2); 7.42--8.02 (m, 5 H, 
Ph); 12.00 and 12.45 (both s, t H, NH). 

X-ray diffraction analysis of compounds 4 and 7. The 
intensity data sets were collected from crystals of 4 and 7 on an 
automated four-eirole KM-4 (KUMA DIFFRACTION) 

Table 5. Crystallographic data and the experimental conditions 
for the crystals of compounds 4 and 7 

Parameter Value 
4 7 

diffractometer (monochromatized Cu-Kct radiation) with the X 
geometry using-the 0--20 scanning technique in the range of 
3 < 0 < 80*. Absorption was ignored. 

The crystallographic data and experimental conditions are 
given in Table 5. 

The structures were solved by direct statistical methods 
followed by a series of successive electron density maps. The 
positions of the H atoms were revealed from the difference 
electron synthesis, which was calculated after the refinement 
of the nonhydrogen atoms with isotropic thermal parameters. 
The structures were refined by the full-matrix least-squares 
method with anisotropic thermal parameters for nonhydrogen 
atoms. In compound 4, the thermal parameters of the H atoms 
were fixed half as large as those of the corresponding 
non_hydrogen atoms. The H atoms of molecule 7 were refined 
isotropieally. The atomic coordinates are given in Tables 6, 7 
(4), and 8 (7). The bond lengths and bond angies of compound 

Table 7. Coordinates (• 10 a) of H atoms in the structure of 4 

Atom x y z 

a/A 14.970(3) 14.766(3) H(7) 9570 
b/A 11.103(2) 5.436(10) H(Sa) 7827 

H(8b) 8889 
c/A 8.059(2) 15.072(3) H(8c) 8381 
l~/deg 77.69 118.66(3) H(12a) 11917 
~'A 3 1308.7(5) 1061.6(4) H(12b) 11953 
Mol. weight 295.74 231.21 H(15) 14470 
dcajc/g cm -3 1.501 1.447 H(16) 15867 
Z 4 4 H(18) 14604 
p./mm -1 4.10 0.91 H(19) 13205 
Radiation Cu Cu 
R 0.065 0.039 
Space group P21/c P21/c 
Number of measured 

reflections 2855 2223 
Number of reflections with 

I > 2o(/) used in the 
least-squares refinement 2038 1535 

R 0.065 0.039 

Table 6. Coordinates of non.hydrogen atoms (xl0  a) and 
equivalent thermal parameters (Ueq• 103) in the structure of 4 

Atom x y Z Ueq,/A 2 

CI(1) 16398(l) 6888(1) 4202(2) 76(1) 
S(2) 8554(1) 5387(1) 1320(1) 40(I) 
O(3) 11272(1) 7580(2) 2315(3) 46(1) 
0(4) 12833(2) 5106(3) 1157(3) 68(1) 
N(5) 10011(2) 6607(2) 1879(3) 34(1) 
N(6) 10645(2) 4562(2) 3290(3) 35(1) 
N(7) 9879(2) 4580(2) 2656(3) 34(1) 
C(8) 8394(2) 6864(3) 550(5) 45(1) 
C(9) 9580(2) 5585(2) 2008(3) 30(I) 
C(10) 10813(2) 6646(2) 2415(3) 33(I) 
C(11) 11111(2) 5552(2) 3177(3) 32(1) 
C(12) 11945(2) 5590(3) 3899(4) 37(1) 
C(13) 12823(2) 5481(3) 2569(4) 38(1) 
C(14) 13694(2) 5820(3) 3077(4) 37(1) 
C(15) 14497(2) 5267(3) 2233(4) 45(1) 
C(16) 15333(2) 5579(3) 2566(5) 49(1) 
C(17) 15356(2) 6457(3) 3777(5) 48(1) 
C(18) 14575(3) 6999(4) 4639(6) 65(1) 
C(19) 13739(2) 6669(4) 4303(5) 56(1) 

3925 2666 
6894 177 
7052 -385 
7440 1443 
4940 47 [ 2 
6344 4505 
4675 1428 
5210 1991 
7586 5448 
7023 4908 

Table 8. Coordinates of atoms (x 104) and equivalent isotropic 
thermal parameters (Ueq• 103) in the structure of 7 

Atom x y Z Ucq/]k 2 

O(I) 2925(1) -2366(4) 5526(2) 72(1) 
0(2) 6084(1) -3053(3) 5724(1) 49(1) 
0(3) 7314(I) -2504(3) 8110(1) 53(I) 
N(4) 5140(I) 1329(3) 6816(I) 39(1) 
N(5) 4160(1) 479(3) 6398(1) 4t(1) 
N(6) 4508(1) -2773(3) 5628(1) 40(1) 
C(7) 3796(1) -1604(4) 5834(2) 43(1) 
C(8) 5499(1) -2008(4) 5965(1) 37(I) 
C(9) 5789(1) 169(4) 6624(1) 35(I) 
C(10) 6875(I) 1073(4) 7077(2) 38(1) 
C(l l )  7630(1) -736(3) 7841(I) 33(I) 
C(12) 8751(I) -319(3) 8245(1) 32(1) 
C(13) 9437(1) -2079(4) 8896(1) 37(l) 
C(14) 10491(2)  -1756(4) 9292(2) 42(1) 
C(15) 10867(1) 326(4) 9055(2) 43(1) 
C(16) 1 0 1 9 3 ( 2 )  2083(4) 8416(2) 41(1) 
C(17) 9136(2) 1776(4) 8006(1) 37(I) 
H(5) 3736(20) 1324(51) 6601(19) 59(7) 
H(6) 4300(19) -4156(51) 5236(20) 55(7) 
H(10a) 6944(21) 2602(54) 7385(21) 61(8) 
H(10b) 7031(20) 1296(52) 6510(21) 62(7) 
H(13) 9150(19) -3592(51) 9055(19) 57(7) 
H(14) 10984(2l) -2922(48) 9757(20) 58(7) 
H(15) 11660(18)  580(47) 9352(18) 55(7) 
H(16) 10426(21) 3626(58) 8205(21) 70(8) 
H(17) 8671(21) 3031(51) 7542(20) 62(8) 
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4 are listed in Tables 1 and 2, respectively. The bond lengths 
and bond angles of compound 7 are listed in Tables 3 and 4, 
respectively. All calculations were carried out on a PC/AT 
computer using the SHELX-86 IS and SHELX-93 16 program 
packages. 

This work was supported by the Russian Foundation 
for Basic Research (Project No. 95-03-08326). 
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