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ABSTRACT 

The reaction of 3-mercapto-4-aryIideneamino-l,2,4- 
triazoles 2b-d, 3a-d with ethyl bromoacetate and/or 
phenacyl bromide in  hot DMF and triethylamine 
affords the stereochemically pure 7-acyl-6-aryl-6,7- 
dihydro-5H-lt2,  4-triazolo[3,4-b][l, 3,4]thiadiazines 
4b-d, 5a-d, 6b,d in which the consecutive hydrogen 
atoms N(5)H-C(6)H-C(7)H are cis to each other. This 
stereochemistry was determined by ' H  N M R  spec- 
troscopy and confirmed by comparison with the 
spectrum of 3,6-dipiienyl-6,7-dihydro-5H-l,2,4-tria- 
zolo[3,4-b][1,3,4]thiadiazine 10. The latter was  pre- 
pared by NaBH, reduction of 3,6-diphenyl-SH-1,2,4- 
triazol0[3,4-b][1,3,4]ihiadiazine 9. The reported re- 
actions offer two interesting stereospecific syntheses 
of the condensed heterocyclic compounds. 

Many publications [l-71 and patents have de- 
scribed the syntheses and applications of s-triazolo- 
[3,4-b][ 1,3,4]thiadiazines. The most important 
synthetic route toward such a ring system was first 
reported by Hoggarth [l] and involves the alky- 
lative-cyclocondensation of 3-mercapto-4-amino- 
1,2,4-triazoles with a-halocarbonyl compounds [ 1 - 
71. On the other hand, very little is known regard- 
ing the synthesis, chemistry, and applications of 
6,7-dihydro-jH-l, 2,4-triazolo[3,4-b][1,3,4]thiadi- 
azines. Only two examples of the latter system were 
prepared by reduction of the corresponding tria- 
zolo[3,4-b][ l ,3,4]thiadiazines [2,8] in addition to a 
procedure that described the synthesis of the qua- 
ternary salts [9]. It is, therefore, quite interesting 
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to explore additional synthetic routes toward such 
reduced heterocyclic systems. 

In the present publication, a simple approach 
to the synthesis of reduced 1,2,4-triazol0[3,4- 
bl[ 1,3,4] thiadiazines is described. Thus, during our 
attempted alkylation of 4-arylideneamino-3-mer- 
capto- 1,2,4-triazoles 2b-d, 3a-d with ethyl bromo- 
acetate and/or phenacyl bromide in dimethylfor- 
mamide (DMF) and triethylamine (TEA), the 
corresponding 6,7-dihydro-SH- 1,2,4-triazolo[3,4- 
bl[ 1,3,4]thiadiazines 4b-d, 5a-d, 6b,d were ob- 
tained. 

In contrast to the previous findings, compound 
2a reacted with ethyl bromoacetate and phenacyl 
bromide in hot DMF and TEA to afford only the 
corresponding S-alkylated derivatives 7a and 8, re- 
spectively. 

The stereochemical purity of the products 4-6 
was apparent from their 'H NMR spectra (Table 
1) measured in CDCI,. All these products showed 
a well-resolved doublet for N'H, a doublet for C7H, 
and almost a triplet for C6H. The NH signal slowly 
disappeared on addition of D 2 0  (complete ex- 
change occurred after 24 hours), and consequently, 
C6H became a doublet. From the coupling con- 
stants 3Jj,6 = 4.4-5.8 Hz, 3J6,7 = 3.6-4.6 Hz for 
compounds 4b-d, Sb-d and 3Jj,6 = 6.3-6.6, 3J6,7 = 
4.7-5.2 Hz for compounds 6b,d, these products were 
assigned the cis stereochemistry (Figure A). Such 
an assignment is substantiated by comparison with 
the 'H NMR spectrum of 3,6-diphenyl-6,7-dihydro- 
5H-1,2,4-triazolo[3,4-b][1,3,4]thiadiazine 10 (Ta- 
ble 1) which was prepared by NaBH, reduction of 
3,6-diphenyl-jH-l, 2,4-triazolo[3,4-b][l, 3,41thia- 
diazine 9 [l]. In com ound 10, the large vicinal 
coupling (3J5,6 = 10.2, ',6,7* = 9.7 Hz) indicates the 
trans relationship of N5-H, C6-H and of C6-H, C7-Ha. 
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TABLE 1 ‘H NMR (CDCI,) of Compounds 4b-d, 5a-d, 6b,d, 10 (6/J Hz) 

Thiadiazine Protons 

c5H CbH C’H 
Compound (J5.6) (J6.7) Other Protons 

4b 

4c 

4d 

5a 

5b 

5c 

5d 

6b 

6d 

10” 

4.95 (t) 

4.82 (t) 

4.95 (t) 

3.85 (s) 

4.88 (t) 

4.76 (t) 

4.85 (t) 

5.11 (t) 

5.06 (t) 

4.53 (dt) 

4.40 (d) 

(3.6) 
4.22 (d) 

(3.6) 
4.37 (d) 

(4.0) 
3.85 (s) 

4.43 (d) 

(4.6) 
4.26 (d) 

(3.8) 
4.4 (d) 

(3.8) 
5.5 (d) 

(4.72) 
5.57 (d) 

(5.2) 
3.55 (dd) 

(9.73) 
3.35 (dd) 
(3.1) 

1.25 (t, 3H, CH,), 4.25 (dq, 2H, CH2), 7.2-8.1 (m, 10H, 
ArH’s) 

1.3 (t, 3H, CH,), 4.1-4.2 (m, 4H, OCH2, CH2Ph), 7.3 (m, 
IOH, ArH’s) 

6.8-8.05 (m, 9H, ArH’s) 

ArH’s), 8.47 (s, lH,  triazole-H) 

ArH’s) 

1.3 ( t ,  3H, CH3), 3.8 (s, 3H, OCH,), 4.26 (dq, 2H, OCHZ), 

1.25 (t, 3H, CH4, 4.2 (q, 2H, CHP), 7.3, 7.52 (2d, 4H, 

1.26 (t ,  3H, CH,), 4.23 (m, 2H, CH2), 7.2-8.1 (m, 9H, 

1.26 (t, 3H, CH3), 4.1 (s, 2H, (CHZPh), 4.2 (dq, 2H, 
OCH2), 7.2 (m, 9H, ArH’s) 

CH2), 6.8-8.0 (rn, 8H, ArH’s) 
1.24 (t, 3H, CH,), 3.83 (s, 3H, OCH,), 4.22 (dq, 2H, 

7.3-8.1 (m, 15H, ArH’s) 

3.8 (s, 3H, OCH,), 6.85-8.02 (m, 14H, ArH’s) 

7.4-8.0 
(m, 10H, ArH’s) 

“The two protons of C7H2 each appear as dd as a result of the geminal coupling with the geminal coupling constant 2J = 12.7 Hz. 

On the other hand, the small vicinal couplin 
(3J6,7 = 3.1 Hz) indicates the cis relationship of C - 
H, ?-He. Additional support for the stereochem- 
istry of the products 4-6 comes from comparison 
with the reported triazolothiadiazinium bromides 
(Figure B) in which the consecutive hydrogen at- 
oms -N5H-C6H-C7H- were established to be trans to 
each other by X-ray diffraction analysis [9]. The 
latter compounds exhibit large vicinal coupling J5,6, 
J6,,  (9.1 - 1 1.6 Hz), which epimerize slowly in CDC13 
solution into an equilibrium mixture of 60:40 of 
trans and cis isomers. The cis isomers are char- 
acterized by the small vicinal coupling (J5,6, J6,7 = 

Compound Sa does not show the splitting pat- 
tern of the thiadiazine protons but gives instead a 
singlet for N5H (exchangeable) and a singlet (2H) 
for C6H, C7H a t  the same 6 value (3.85). This be- 
havior could be attributed to the rapid inversion 
of the N5-H as a result of the absence of a substi- 
tuent at the 3-position in this derivative. 

k 

3.2-2.7 Hz) [9]. 

The stereospecificity of the present synthesis of 
the products 4-6 points to the involvement of a 
concerted cyclization step. Presumably, the reac- 
tion first proceeds via the formation of the S-al- 
kylated derivative (B) followed by enolization un- 
der the basic reaction conditions, and then by an 
intramolecular ene-reaction [ 101. Thus, the azo- 
methine group acts as the ene part and the enol 
acts as the enophile part in the proposed inter- 
mediate C. This presumption finds supports from 
the following facts. 

1. The intermediate 7b when heated in DMF 
and TEA afforded 4b. Compound 7b was 
prepared by reacting 2b with ethyl bromo- 
acetate in aqueous sodium carbonate. 

2. X-ray diffraction studies [l I]  showed that 
compound 2a exists in the anti-form (A) (R 
= H) with the suitable stereochemistry re- 
quired for this stereoselective formation of 
4-6 arising via the proposed ene-reaction. 



Stereospecific Synthesis of 6,7-Dihydro-5H-l,2,4-triazolo[3,4-b] [1,3,4]Thiadiazines 323 

TABLE 2 

Anal. % 
Calcd/ Found 

MP ("C) 
Compound ( Yield Yo) Formula (MW) C H N S 

2c 

2d 

3a 

3b 

3c 

3d 

4b 

4c 

4d 

5a 

5b 

5c 

5d 

6b 

6d 

7a 

7b 

8 

10 

1 ;95-7 
(85) 

1'78-80 
(89) 

237-9 
(87) 

1 !38-200 
(90) 

1'77-9 
(92) 

1137-9 
(90) 

206-8 
(60) 

e'l-3 
(65) 

200-2 
(55) 

(58) 

(62) 

(71 1 

(56) 
204-6 

(70) 
107-9 

(68) 
109-1 1 

(65) 
108-1 0 

(76) 

(68) 

(70) 

1'72-4 

141 -3 

1 'I 4-6 

192-4 

174-6 

144-6 

CI,Hi,N,S (294.38) 

Cl,Hi,N,OS (310.38) 

CSH7N4ClS (238.70) 

C1,Hl1N,CIS (314.80) 

C16H13N4CIS (328.83) 

CjeH13N4CIOS (344.83) 

C1 g H  1 *N402S (366.45) 

C20H20N402S (380.47) 

C20H20N403S (396.47) 

C13H 13N4C102S (324.79) 

Cl gH17N4CIO2S (400.89) 

C20HigN4C102S (41 4.92) 

C2oHlgN4C10$3 (430.92) 

C23HT8N40S (398.49) 

C24HzoN402S (428.52) 

C13H14N402S (290.35) 

CigHIeN402S (366.45) 

Cl,H,,N,OS (322.39) 

C I G H ~ ~ N ~ S  (294.38) 

65.28 
65.40 
61.92 
62.00 
45.29 
45.30 
57.23 
57.10 
58.44 
58.20 
55.73 
55.40 
62.28 
62.40 
63.14 
63.30 
60.59 
60.40 
48.07 
48.10 
56.93 
56.70 
57.90 
58.10 
55.75 
55.40 
69.33 
69.50 
67.27 
67.40 
53.78 
53.80 
62.28 
62.40 
63.34 
63.00 
65.28 
65.10 

4.79 
5.00 
4.55 
4.70 
2.96 
3.00 
3.52 
3.70 
3.99 
4.20 
3.80 
3.60 
4.95 
5.20 
5.30 
5.60 
5.08 
5.10 
4.03 
4.20 
4.27 
4.30 
4.62 
4.40 
4.44 
4.60 
4.55 
4.60 
4.70 
4.90 
4.86 
5.00 
4.95 
5.10 
4.38 
4.50 
4.79 
4.80 

19.03 
19.30 
18.05 
18.20 
23.47 
23.70 
17.80 
18.00 
17.04 
17.20 
16.25 
16.20 
15.29 
15.40 
14.73 
14.50 
14.13 
14.40 
17.25 
17.40 
13.98 
14.00 
13.50 
13.30 
13.00 
13.30 
14.06 
14.20 
13.07 
13.20 
19.30 
19.60 
15.29 
15.40 
17.38 
17.60 
19.03 
19.30 

10.89 
10.90 
10.33 
10.60 
13.43 
13.60 
10.19 
10.40 - 
- 
- 
- 
8.75 
9.00 
8.43 
8.60 - 
- 
9.87 

10.10 
8.00 
8.30 
7.73 
7.40 
7.44 
7.70 
8.05 
8.20 
7.48 
7.60 

11.04 
11.20 
8.75 
9.00 
9.95 

10.20 
10.89 
11 .oo 

'Compounds 2c-d, 3a-d were crystallized from acetic acid, 4b-c, 5b, 5d, 7a, 8 from an ethanol/water mixture, and 5a, 6d from ethyl 
acetate. 2c: 'H NMR (CDCI,) 6 4.2 (s, 2H, C&,Ph), 7.3-7.82 (m, 10H, ArH's), 10.35 (s, lH ,  CH=N). 6b: 13C NMR 6 41.5 (SCH), 58.8 
(NCH), 127.3, 127.8, 128.5. 128.7, 128.9, 129.2, 130.0, 134.6 (ArCH's), 126.2, 134.4, 136.0 (Arc's), 142.6, 152.8 (triazole-C's), 195.4 
(C=O). 7b: 13C NMR 6 14.2 (CH,), 35.0 (SCHzC=O), 62.0 (OCH,), 128.3, 128.8, 129.2, 130.1, 135.3 (ArCH's), 126.5, 131.6 (Arc's), 
146.7, 152.1 (triazole-C's), 165.9 (CH=N), 168.4 (C=o). 7a: 'H NMR (CDCI,) 6 1.25 (t, 3H, CHJ, 4.15 (s, 2H, SCH,CO), 4.21 (q, 2H, 
OCH,), 7.4-7.85 (m, 5H. ArH's), 8.56, 8.69 (2% 2H, CH=N, triazole-H). 8: 'H NMR (CDCI,) 6 5.0 (s, 2H, SCH,), 7.46-8.02 (m, 10H, 
ArH's), 8.54, 8.65 (2s. 2H, CH=N, triazole-H). 
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* r  HI61 

X=OE! .  Ph Fig B 
Fig A 

EXPERIMENTAL 
All melting points are uncorrected. NMR spectra 
were measured on a Varian GEMINI 200 instru- 
ment (200 MHz, 'H NMR, and 50 MHz, 13C NMR). 
All I3C NMR spectra were recorded using the APT 
pulse sequence. The starting compounds la [12], 
lb, d [l], l c  [13], 2a [12], 2b [141 were prepared 
as reported in the literature. 

Preparation of 4-A lideneamino-3-mercapto- 
I ,2,4-tviazoles 2 c - z  3a-d 
A mixture of the appropriate compound la-d (10 
mmol) and benzaldehyde and/or p-chlorobenzal- 

dehyde (10 mmol) in acetic acid (10 mL) was heated 
under reflux for 1 hour. After cooling, the product 
was collected as pure crystals of the corresponding 
2c-d or 3a-d in 8 5 9 0 %  yield (Table 2). These 
compounds may be recrystallized from acetic acid. 

Reaction of 2a-d, 3a-d with ethvl 
bromoacetate or phenacyl bromide in DMF 
and TEA 
A solution of each 2a-d, 3a-d (5 mmol) and ethyl 
bromoacetate or phenacyl bromide (5 mmol) in 
DMF (5 mL) and TEA (1.5 mL) was heated under 
reflux for 10 minutes. After cooling and dilution 
with water, the precipitates that had formed were 
collected and crystallized from the proper solvent 
to give 4b-d, 5a-d, 6b,d, 7a, 8 (Table 2). 

4-Benylideneamino-3- 
ethoxycarbonylmethylthio-5-phenyl-l,2,4- 
triazole 7b 
To a suspension of la (0.5 g) in aqueous sodium 
carbonate solution (4%, 5 mL) was added ethyl 
bromoacetate (0.22 mL), and the mixture was 
stirred for 10 minutes at 50-60°C and then left at  
room temperature for 2 hours. The precipitates that 
had formed were collected and crystallized from 
ethanol to give colorless crystals of 7b (Table 2). 

Synthesis of 4b from 7b 
A solution of 7b (0.2 g) in DMF ( 3  mL) and TEA 
(0.5 mL) was heated under reflux for 2 minutes and 
then cooled and diluted with water. The precipi- 
tate that had formed was collected and recrystal- 
lized from ethanol to give colorless crystals of 4b 
(0.2 g, loo%), mp 207°C (identical with 4b pre- 
pared from la, mixed mp, and 'H NMR). 

3,6-Di henyl-6,7-dihydro-5H-l,2,4-triazolo- 
[3,4-bfl,3,4]Thiadizine 1 
A solution of 9 [l] (0.5 g) and NaBH4 (0.1 g) in ab- 
solute methanol (10 mL) was heated under reflux 
for 1 hour. After cooling and dilution with water, 
the precipitate that had formed was collected and 
recrystallized from ethanol to give 0.35 g of col- 
orless crystals of 10 (Table 1). 
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