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ABSTRACT
The isomeri za tion of 5H-3,7- diphenyl-6,7- dihydro-1,2,4- triazole[3,4-b] 1,3- thiazine (1) in a sealed tube, in the pres ence of aque ous
HBr, was car ried out, and 7H-2,5- diphenyl-5,6- dihydro-1,2,4- triazole[3,2-b]1,3- thiazine (2) was ob tained. The 7H-2,5- diphenyl-5,6-
 dihydro-1,2,4- triazole[3,2-b]1,3- thiazine (2), 5H- 3- phenylmethyl- 7- phenyl-6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (3), the 3-
 phenylmethyl- 6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]tria zole (4), 3-(o- hydroxy- phenyl-)6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]
tria zole (5) were evalu ated against HIV-1. The anti- tumor ac tivi ties of 3-(pyridin- 2- yl)-4 -allyl -1,2,4- triazole- 5- thione (6), 2N-
 cinnamyl-(5- methyl-[1,3,4]thiadiazol- 2- yl-) amine (7), 7H-2,5- diphenyl-5,6- dihydro-1,2,4- triazole[3,2-b]1,3- thiazine (2), 5H- 3- phenyl-
methyl- 7- phenyl-6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (3), the 3- phenylmethyl- 6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]tria -
zole (4), 3-(o- hydroxy- phenyl-)6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]tria zole (5) were tested against the IP P388 Leu ke mia 3PS31. 

Key words: 1,2,4- Triazole[3,4-b]1,3- thiazine, 1,2,4- triazole[3,2-b]1,3- thiazine, thia zolo[2,3-c][1,2,4]tria zole, 1,2,4- triazole- 5- thione,  1,3,4- thiadiazole.
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INTRODUCTION  
The thera peu tic prop er ties of 1,2,4- triazole and 1,3,4-

 thiadiazole de riva tives are well docu mented. The 1,2,4-
 triazole de riva tives have been re ported in the lit era ture to
show anti- microbial [26], anti- viral/anti- HIV, anti- tuberculosis
[3, 10, 12]  and anti- cancer ac tiv ity [3, 5, 7]. Itra cona zole,
po sa cona zole, vo ri cona zole and flu cona zole that are used
for the treat ment of mi cro bial in fec tions [28] con tain
a 1,2,4- triazole ring in their struc tures. In ad di tion, other im -
por tant che mo thera peu tics, such a Vo ro zole, Letro zole and
An as tro zole that con sist of the sub sti tuted 1,2,4- triazole
ring, are used for the treat ment of breast can cer [4]. 

The 1,3,4- thiadiazole de riva tives are an other im por tant
class of het ero cy cles due to their bio logi cal ac tivi ties. They
are known to ex hibit anti- bacterial, anti- fungal, anti- viral,
anti- inflammatory [27, 18, 6], anti- mycobacterial [13, 20]
and anti- parasitic ac tivi ties [8]. They pos sess an aes tetic
[14], anti- inflammatory, diu retic [19], anti- diabetic [18] and
anti- cancer prop er ties [15, 16]. 

The bi cyc lic sys tems com pris ing the 1,2,4- triazole or the
1,3,4- thiadiazole mole cule pos sess a broad spec trum of bio -
logi cal ac tivi ties. Among the more im por tant ef fects are

anti- inflammatory [25, 1], anti- microbial, anti- fungal [1, 2,
9, 17], anti- viral [11] prop er ties. The pres ent pa per de scribes 
the anti- tumor and the anti- HIV ac tiv ity screen ing of se -
lected al lyl de riva tives of 1,2,4- triazole- 5- thione,  1,3,4- thia-
diazol- 2- ylamine and some bi cyc lic sys tems: 1,2,4- triazole
[3,4-b]1,3- thiazine, 1,2,4- triazole[3,2-b]1,3- thiazine, thia -
zolo[2,3-c][1,2,4]tria zole .

EXPERIMENTAL
Chem is try

The 1H NMR spec trum of prod uct (2) was meas ured with
a Tesla BS-487C spec trome ter (80 MHz), in CDCl3 so lu tion, 
at room tem pera ture, with TMS as the in ter nal stan dard. The
chemi cal shifs are given in δ scale.

7H-2,5- diphenyl-5,6- dihydro-1,2,4- triazole[3,2-b]1,3- thi
azine (2)

A mix ture of 0.9 g (3 mmole) of (1)  and 1.2 g (1.5 mmole)
of 10% aque ous hy dro gen bro mide and 1.0 g of wa ter was
heated for 20 hrs in a sealed tube at 126oC. The con tent of the 
tube was washed with hot etha nol. The sol vent was dis tilled
off and the resi due was neu tral ized with aque ous am mo nia.
The pre cipi tate (0.9g) was crys tal lized from etha nol, 0.65 g
(72% yield) m.p.185-186oC. 1H NMR (CDCl3), δ: 2.7
(2Hm) -N-CH2-CH2-CH-, 4.4 (2Hm) -N-CH2-CH2-CH-,
4.7 (1Hm) -N-CH2-CH2-CH-, 7.4 (8Hs), 8.0 (2Hs) for aro -
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matic pro tons; anal. Calcd. for C17H15N3S: N  14.3%, found:
N 13.7%

Bio logi cal ac tiv ity
The fol low ing com pounds: 7H-2,5- diphenyl-5,6- dihydro-

1,2,4- triazole[3,2-b]1,3- thiazine (2), 5H- 3- phenylmethyl-
 7- phenyl-6,7- dihydro-1,2,4- triazole[3,4-b]1,3- thiazine (3),
3- phenylmethyl- 6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]
tria zole (4), 3-(o- hydroxy- phenyl-)6- methyl-5,6- dihydro-
thiazolo[2,3-c][1,2,4]tria zole (5),  3-(pyridin- 2- yl)-4 -allyl -
-1,2,4- triazole- 5- thione (6), 2N- cinnamyl-(5- methyl- [1,3,4]
thiadiazol- 2- yl-) amine (7), se lected by the Na tional Can cer
In sti tute USA, were tested in vivo (ani mals) against the IP P
388 Leu ke mia Tu mor Test Sys tem (3PS31). The bi cyc lic
sys tems (2 - 5) were se lected by the Na tional Can cer In sti -
tute USA and were evalu ated in vi tro for their anti- HIV
ac tiv ity.

The anti- HIV ac tiv ity test and the IP P 388 Leu ke mia Tu -
mor Test Sys tem (3PS31) were car ried out in the Na tional
Can cer In sti tute, USA, Be thesda, Mary land. The pro ce dure,
as well as the Graph ics Re sults Sum mary Sec tion re gard ing
the anti- HIV in ves ti ga tions are in the Sup ple men tary  ma te -
rial.

RESULTS AND DISCUSSION  

Chem is try
The heat ing of 5H-3,7- diphenyl-6,7- dihydro-1,2,4- tria-

zole[3,4-b]1,3- thiazine (1) [21] in a sealed tube in the pres ence
of aque ous HBr leads to 7H-2,5- diphenyl-5,6- dihydro-
1,2,4-triazole[3,2-b]1,3- thiazine (2) – (Fig. 1). 

Com pound (2) was iden ti cal with the re ac tion prod uct of
3- phenyl- 4- cinnamyl-1,2,4- triazole- 5- thione with the HBr
so lu tion as de scribed ear lier [22]. The prod ucts ob tained in
two dif fer ent ways showed iden ti cal melt ing points, with out
any de pres sion in the melt ing point of their mix ture, and had
also the same 1H NMR spec tra. The ana lyti cal data are given
in  the ex peri men tal de tail.

The syn the sis of 5H- 3- phenylmethyl- 7- phenyl-6,7- dihydro-
1,2,4- triazole[3,4-b]1,3- thiazine (3) [21], 3- phenylmethyl-
 6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4]tria zole (4), 3-(o-
hydroxy- phenyl-)6- methyl-5,6- dihydrothiazolo[2,3-c][1,2,4] 
tria zole (5) [23],  3-(pyridin- 2- yl)-4 -allyl -1,2,4- triazole- 5-
 thione (6)  [24], 2N- cinnamyl-(5- methyl-[1,3,4]thiadiazol- 2- yl-)
amine (7) [24] were de scribed ear lier. The chemi cal struc -

tures of the in ves ti gated com pounds are shown on Figs 1 and 
2. The bio logi cal ac tiv ity of these com pounds has not been
the sub ject of the stud ies.

Bio logi cal ac tiv ity
Anti- HIV ac tiv ity
The bi cyc lic sys tems (2-5) were se lected by the Na tional

Can cer In sti tute USA, and were evalu ated for their in vi tro
anti- HIV ac tiv ity. For com pounds (2-5), the in hibi tory con -
cen tra tion (IC50) was ob tained. Ac cord ing to the data (Ta ble
1) pro cured, the com pounds (2-5)  had ac tiv ity against HIV-1
with IC50 val ues from 46.2–61.5 μg/mL and the maxi mal
pro tec tion (%) in the range 1.87–20.36. Com pound (2)
showed the high est ac tiv ity against HIV-1, with the value of
maxi mal pro tec tion of 1.87%, 2.0%. None of the evalu ated
com pounds showed any spe cific ac tiv ity against HIV-1 in
CEM-IW cells.

Ta ble 1. Anti- HIV ac tiv ity of compounds (2–5) in CEM-IW cells

Compd.
Number
assigned
by NCI

Platea
HIV-1

IC50 (μg/mL) Max.
protection (%)

4 609097
4877 46.2 16.32
4852 46.2 20.36

5 609098
4852 46.7 11.23
4877 46.7 10.00

3 609099
4853 61.5 13.96
4878 61.5 10.90

2 609100
5803 58.7   1.87
5828 58.7   2.00

a – the actual experiment number from which the results were taken*

* Supplementary material

Anti- tumor ac tiv ity
The com pounds (2-7), se lected by the Na tional Can cer

In sti tute USA, were tested in vivo (ani mals) against the IP P
388 Leu ke mia Tu mor Test Sys tem (3PS31). The re sults are
given in Ta bles 2, 3 and 4.  One type of re port is re ferred to as 
the ‘Le uk emia Screen Test Re sults’ (LSTR) (Ta ble 2).
A sec ond, more de tailed re port, is known as the ‘Scree ning
Data Sum mary’ (SDS) Re port (Ta ble 3). The pre sump tive
ac tiv ity was con firmed by first screener, Screener Code –

Fig. 1. The izomerization of 5H-3,7-diphenyl-6,7-dihydro-1,2,4-
triazole[3,4-b] 1,3-thiazine (1)  to 7H-2,5-diphenyl-5,6-dihydro-1,2,4-
triazole[3,2-b]1,3-thiazine (2) in a sealed tube, in the presence of
aqueous HBr

Fig. 2. The chemical structure of the studied compounds
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SCR 99 (Ta bles 2 and 3). The val ues -0.9 and T/C% = 127
for Tu mor/Line/Code/Gen = A02/R/007 and -1.4, -1.2,
T/C% = 127, 130 for Tu mor/Line/Code/Gen = A05/R/006
(Ta ble 3) con firmed the ac tiv ity of the in ves ti gated com -
pounds.  Sur vival sys tems in di cate a de gree of suc cess when
T/C per cents ex ceed 125. Tu mor in hi bi tion sys tems in di cate
a de gree of suc cess when the T/C per cents do not ex ceed 42.
Mi nus val ues (only oc cur ring for tu mor in hi bi tion sys tems)
re flect the per cent of tu mor re gres sion be tween ini tial and fi -
nal tu mor vol ume. The Leu ke mia Screen Test Re sults
(LSTR), Screener Code – SCR 09  (Ta ble 4) shows fur ther
anti- tumor screen ing data for (2-7).

Ta ble 2. Leu ke mia Screen (3PS31) Test Re sults (LSTR)
NSC Doses tested T/C %b SCRa

999991
240.00 mg/kg
120.00
  60.00

108
102
107

99

999992
240.00 mg/kg
120.00
  60.00

TOX
105
108

99

999993
240.00 mg/kg
120.00
  60.00

105
102
103

99

999994
240.00 mg/kg
120.00
 60.00

TOX
102
107

99

999995
240.00 mg/kg
120.00
  60.00

106
103
103

99

a – SCR = Screener Code
99 – NCI in for ma tion only
b –T/C % = The test evaluation expressed as a percent of the control
evaluation, providing a measure of effectiveness of the compound being
tested.

Ta ble 3. Screen ing Data Sum mary (SDS) Re port
NSC DOS/INJ/U BWDg T/C %b SCRa

WD1/2:1/5f TSC:22Pc  SEX:Me

999991

240.00 mg/kg
120.00
  60.00

-0.9
 1.2
 1.5

HOST:06d BWC =
-1.4h

127
120
112

99

Tumor/Line/Code/Gen = A02/R/007
WD1/2:1/5f TSC:22Pc  SEX:Me

999991

480.00 mg/kg
240.00
120.00
  60.00

-1.4
-1.2
- 0.3
- 0.6

HOST:06d BWC =
1.0h

127
130
109
106

99

Tumor/Line/Code/Gen = A05/R/006

a – SCR = Screener Code
99 – NCI in for ma tion only 
b – T/C % = The test evalua tion ex pressed as a per cent of the con trol
evalua tion, pro vid ing a meas ure of ef fec tive ness of the com pound be ing
tested. Sur vival sys tems in di cate a de gree of suc cess when T/C per cents
ex ceed 125. Tu mor in hi bi tion sys tems in di cate a de gree of suc cess when the
T/C per cents do not ex ceed 42. Mi nus val ues (only oc cur ring for tu mor
in hi bi tion sys tems) re flect the per cent of tu mor re gres sion be tween ini tial
and fi nal tu mor vol ume.
c – “TSC:22P” = this item iden ti fies the Test Status Code (TSC) and TSC
suf fix, P – Ac tive Test, F- In ac tive Test, or R – Er ratic Test (un re li able data).
d – Host Code for all ani mal in the ex peri ment (Test and Con trol)
Host Code in Vivo (Strain) 
06 – CD2 F1 (CDF1)
e – SEX = M 
     M = Male
f  – WD1/2:1/5, this item iden ti fies ini tial (1) and fi nal (2) ani mal weigh days. 
(In this ex am ple, the days are 1 and 5)
g – BWD = Ani mal Body Weight Dif fer ences which is com puted by
sub tract ing the Con trol Group body weight change from the Test Group
body weight change

h – BWC = Body Weight Change cal cu lated as fi nal av er age body weight
mi nus ini tial av er age body weight. This item is cal cu lated for the Con trol
Group only.
Ac cred ited Ani mal Sup pli ers
Sup plier: Camm Re search In sti tute
Sym bol: CRI
Code: 06
Host: Rats 

Ac tiv ity Thresh olds of Com mon Sys tems
Drug Ac tive T/C %

 Model Code RT/SCHED      Pa rame ter                    MC1
Pre screen
IP P388 Leu ke mia 3PS31                 IP/Q1DX5        Med sur vival time    ≥ 127

         Con firm ing test          ≥  120
Screen ing Mod els
PS – P388 Leu ke mia

Table 4. Leukemia Screen (3PS31) Test Results (LSTR)

Compd.
Number

assigned 
by NCI

Doses tested T/C % SCRa

6 609095
240.00 mg/kg
120.00
  60.00

100
101
102

09

7 609096
240.00 mg/kg
120.00
  60.00

  95
  96
100

09

4 609097
240.00 mg/kg
120.00
  60.00

100
  93
104

09

5 609098
240.00 mg/kg
120.00
  60.00

101
100
  96

09

3 609099
240.00 mg/kg
120.00
  60.00

  95
  99
102

09

2 609100
240.00 mg/kg
120.00
  60.00

  87
  89
  92

09

a – SCR = Screener Code
09 – IIT Research Inst. – in vivo

The anti- HIV in ves ti ga tions showed the mod er ate ac tiv -
ity of the stud ied bi cyc lic de riva tives (2-5). From the
structure- activity re la tion ship, the lack of the sub stitu ent at
the ni tro gen atom N3 of the bi cyc lic sys tem (2) in creases its
anti- HIV ac tiv ity. Due to the pla nar struc ture of the ben zene
and 1,2,4- triazole rings of the com pound (2) [22], a strong
de lo cal iza tion of elec trons and a nega tive elec tro static po -
ten tial on the 1,2,4- triazole ring ap pears.  

Ac know ledge ment
The anti- HIV and anti- tumor data are the re sults of

screen ing per formed un der the aus pices of the De vel op men -
tal Thera peu tics Pro gram, Di vi sion of Can cer Treat ment,
Na tional Can cer In sti tute, Be thesda, Mary land.
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