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Abstract - Two approaches for the preparation of a number of pyrazo- 

lop,]-blthiazoles are reported. The first involves reaction of 3-ami- 

n o - 4 - p h e n y l - t h i a z o l i n e - 2 - t h i o n e  1 with phenacyl bromides to give thia- 
zo10[2,3-bI-1,3,4-thiadiazines 2 which by action of triethylamine are 

converted into the pyrazoloI5,l-blthiazoles 4. The second is based on 

the reaction of 3 - a m i n o - 2 - m e t h y l t h i o - 4 - p h e n y l t h i a z o l i u m  cation 5 with 
activated acetonitriles to give 7-substituted 6-amino-3-phenylpyrazo- 

lo[5,1-blthiazoles 1. 

In the last few years we were involved in a program aiming to develop synthetic 

approaches for nitrogen-bridgehead heterocycles utilising readily obtainable 
1 

N-amino heterocycles or pyrylium cations as starting materials . In this contex, 
we have reported the preparation of fused pyrazoles e.g. pyrazolo[l,S-alpyridi- 

7 
r ~ e s ~ ' ~ ' ~ ,  pyrazolo[5,1-c1-1,2,4-triazoles5'6, pyrazolo[l,5-cl-1,3-oxazines , 
pyrazolo[2, 3-dl-1,2, 4-triazepines8 and fused thiaeoles e.g. thiazolo[3,2-alpyri- 

9 dines , thiazolo[3',2' :1,5 1 - 1 . 2 . 4 - t r i a z o l o [ 3 , 4 - b - 1 , 3 , 4 - t h i ~ i e ~ ~  and thiazo- 

10[3.2-c]~uinazolines~~. We now describe two general methods for the preparation 

of the otherwise not readily available pyrazolo[S,l-blthiazole ring system which 

contain the pyrazolo and thiazole moieties. 

NO general method for the preparation of derivatives of the pyrazolo[5,1-blthia- 

zole ring system has hitherto been reported, it has only been mentioned that the 

reaction of pyrazoline-5-thiones with a-halocarbonyl  compound^^^,^^ Or cycliza- 
tion of 3-aminothiazolium salts by action of acetic anhydride/sodium acetate 

14 

lead to pyrazolo[5,1-blthiaeole derivatives. We now report here two apparently 



widely applicable synthesis of derivatives of the pyrazolo[5,1-blthiazole ring in 

synthetically useful yields. The first approach is hased on the sequential treat- 

ment of 3-amino-4-phenylthiazoline--thons - 1, readily available from phenacyl 

hydrazin~dithioformate15, with phenacyl bromides and triethylamine. The N-amino 

heterocycle 1 reacts with phenacyl bromides in dry methanol to give the corres- - 
ponding 6-aryl-3-phenyl-7~-thia~o1o~2,3-b~-l,3,4-thiadiazin-3-ium bromldes 2 in - 
excellent yields (64-86%). However, when the reaction is carrled out in dry 

benzene compound 1 undergoes alkylation on the exocyclic sulfur atom to give the 
corresponding 3-amino-2-phenacylthio-4-phenyltbiazolium bromides 3 (60-888). When 
ethanolic solutions of Z or 2 are treated with equimolecular amounts of triethyl- 
mine pyrazolo[5.1-blthiazale derivatives are obtained in excellent yields 

(67-98%). We believe that the conversion 2 - 4 is similar to the suggested 16 - - 
for the base-catalyzed rearrangement of 6H-1.3.4-thiadiazlnes m t o  pyrazoles. 

Ph Kis + Ar-CO-CH2Br MeOH Ph 
I . .r- 
NHa 

1 Ar 

Phl?,.zslmr I Et3N EtOH 

Et3N 
EtOH 

Structural elucidation of 2, 3 and 4 is accomplished on the basis of spectral and - - 
microanalytical data. The ir spectra of all thiazolo[2,3-b]-1.3.4-thiadiazinium 

bromides - 2 show a strong absorption band in the region 1600 crn-I attrxbutable to 

the C=N band; bands due to the NH2 group are absent, while the presence of the 

NH2 group in compounds 2 is confirmed by the absorption bands in the region 

3370-3100 cm-l; furthermore the carbonyl group in 3 appears near to 1670 cm-l. In - 
the 'H-nrnr spectra of - 2 and 1 the chemical shift of methylene group is 

characteristic at 6 4.5-4.6 ppm while in the 'H-nrnr spectra of compounds 4 this 
signal is absent. Mass spectra of compounds 4 show the expected molecular ion, - + + peaks are also found at m/z [M - Ar-CN], [M - Ar-CN - HI, Ar-CN, 134 and 102. 



Table 1. Preparation of 7~-~hiazo10[2.3-b]-l,3,4-thiadiazinium Bro m ~ d e s  2. 

Entry AT M P ( T )  Yield Found Molecular Required 

( % )  C H N Formula C H N 

e 4-C6H5-C6H4 214-215 75 59.47 3 . 8 3  5.84 C23H17N2BrS2 59.35 3.68 6.01 
1 
w 
u 
m 
07 

I Table 2 .Preparation of 3-Amino-4-phenyl-2-phenacylthio-thiazoli Bromides 3. 

Entry Ar Mp ( - C )  Yield Found Molecular Required 

( % )  C H N Formula C H N 



Table 3. Preparation of Pyrazolo[5,1-blthiazole Derivatives 4 and 1. - 

Compound Ar/R MP l°C) Yield ( % )  Found Molecular Required 

No Method C H N Formula C H N 

A B 

F 

LG 4b 4-Br-C6H4 190-191 7 3 6 6 52.84 2.93 7.09 C17HllN2BrS2 52.71 2.86 7.23 
N 
OI 

I 
4c 4-C1-C6H4 192-193 74 7 0 59.55 3.23 8.17 C17H11N2C1S2 59.25 3.18 7.87 

4d 4-02N-C H 269-270 98 82 57.70 3.03 12.07 Cl7HllN3O2S2 57.77 3.13 11.88 

4e 4-C6H5-C6H4 194-195 73 71 72.02 4.10 7.08 CZ3Hl6N2S2 71.84 4.19 7.28 

7a CN 189-191 - 43 60.18 3.41 23.19 
C12H8N4S 59.98 3.36 23.32 

7b COOEt 139-140 4 7 58.42 4.67 14.51 C14H13N302S 58.52 4.56 14.62 

7C COOMe 134-135 51 57.32 3.91 15.53 C13H11N302S 57.17 4.06 15.39 
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The second approach is hased on the reaction of the N-aminoazonium salt 3-ami- 

no-2-methylthio-4-phenylthiazolium tetrafluoroborate 5, available from 1 and tri- 
methyloxonium tetrafluoroborate, with acetonitriles activated by another 

electron-delocalizing group. Compound 5 reacts with activated acetonitriles in 
the presence of an excess of pyrrolidine to give the corresponding functionalized 

enamines 5, which can he used without purificatlon in the next step. In only one 
case was the enamme isolated: 6 (R = CN) was obtained as crystalline product in - 
42% yield. Enamines 5 undergo cyclization by action of dry hydrogen chloride at 
room temperature to glve the corresponding pyrarolo[l,5-blthiazoles 1 (43-51%). 

EXPERIMENTAL 

Melting points were obtained on a Kofler hot-stage apparatus and are uncorrected. 

Ir Spectra were run using NaCl plates on a Nicolet FT-SDX spectrophotometer in 

Nujol emulsions. '8-nmr spectra were obtained an a Varian EM-360A spectrometer at 

60 MHz. Mass spectra were recorded on a Hewlett-Packard 5993C spectrometer. 

Elemental analyses were performed with a Perkin-Elmer 240C instrument. 

Improved Procedure for the Preparation of 3-Amino-4-phenylthiazoline-2-thione 1. 
TO a solution of phenacyl hydrazinodithiof~rmate~~ (2.26 g, 10 mmol) in dry 

isopropanol (30 ml) aqueous hydrochloric acid (11 N, 4 ml) was added. The mixture 

was stirred at reflux temperature for 3 h. After cooling, the solution was poured 

into ice-water (100 ml) and it was held at 4'C overnight. The precipitated solid 

was separated by filtration, washed well with water (2x50), 1N sodlum hydroxide 

(2x50) and water until pH=7. The crude product recrystallized from ethanol gave 1 
15 11.17 g, 57%) as creamy flakes, mp 146-147T [Lit. mp 146-147OCI . 



T a b l e  4 .  S p e c t r a l  Data of Compounds 2,  3, 4 and 1. 

Compound IT 

NO. lcm-'1 
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Table 4. (continuation). 

8.40-8.10 (2H.m) 344(~++2, 121, 343(14), 

7.83 (ZH, d, 342(M+, 28). 341(20), 

J=8.5 Hz), 7.70- 313(5), 312(22). 311 

7.45 (3H. In). 7.21 (151, 310(56), 306 

(2H. d, J 4 . 5  Hz) (27 ) .  205(83). 204 

7.0 (1H. 5 )  (100). 172(9). 160(8), 

137(7), 134(66), 102(43) 



Table 4. (continuation). 

7.98-7.86 (2H. m) 287(M+, 661, 259(5), 

7.44-7.35 (3H, m) 243111). 242(46), 241~ 

6.76 (1H. s) (100). 215(10), 187(19), 

4.68 (2H. s )  186(8). 134116). 

4.31 (2H. q. 102(12). 

J=7.1 Hz), 1.37 

(3H, t, J=7.1 Hz) 

Obtained as solutions in CDCl3+TFA, except for compounds e, s, s, and 2 
which were obtained in CDCl ; compounds 2 and were obtained in DMSO-d 3 6' 

General Procedure for the Formation of 7~-~hiazolo[2,3-b]-1,3.4-thiadiazinium 

Bromides - 2. To a solution of 3-amino-4-phenyl-thiazoline-2-thione 1 (0.416 g. 2 

mmol) in dry methanol (15 ml) the appropriate phenacyl bromide (2 mmol) Was 

added. The reaction mixture was stirred at reflux temperature for 24 h. On COO- 

ling, the precipitated solid was collected by flltration, dried and recrystalli- 

zed from methanol to give 1 as yellow prisms (see Table 1). 
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General Procedure for the Formation of 3-Amino-2-phenacylthio-4-phenylthiazolium 

Bromides 3. To a solution of 1 10.416 g, 2 mmoll in dry benzene (15 mll the 

appropriate phenacyl bromide (2 moll was added. The resultant solution was re- 

fluxed for 2 h. After cooling, the precipitated solid was filtered, washed with 

benzene and recrystallized from benzene to give 3 as colourless needles lsee 

Table 21. 

General Procedure for the Formation of 6-Aryl-3-phenyl-7-mercaptopyrazo- 

lo[5,1-blthiazoles 4. To a solution of the appropriate 7H-thiazolo- 

[2,3-b]-1.3.4-thiadiazinium bromide 2 I2 moll (Method A) or 3-amino-2-phenacyl- 
thio-4-phenylthiazolium bromlde 3 (2 moll (Method Bl in absolute ethanol (15 

ml), triethylamine (2 m o l )  was added. The reaction mixture was stirred at reflux 

temperature for 4 h. After cooling, the precipitated solid was separated by 

filtration, dried and recrystallized from ethanol to give 4 as yellow prisms ( s e e  

Table 31. 

3-Amino-2-methylthio-4-phenylthiazolium Tetrafluoroborate 5.  3-Amino-4-phenyl- 

thiazoline-2-thione 1 10.416 g, 2 moll, trimethyloxoniun tetrafluoroborate 

(0.296 g, 2mmoll and dry dichloromethane (15 ml) were stirred under nitrogen at 

room temperature for 3 h. Elimination of solvent under reduced pressure and addi- 

tion of ether I10 mll to the residual material gave a solid which was filtered, 

dried and recrystallized from dichloromethane/ether I1:ll to give 5 (0.54 g, 87%) 
as colourles prisms, mp 103-105°C (Found: C, 38.55; H, 3.69; N, 8.83. 

C10H11N2BF4S2 requires C, 38.73; H, 3.57; N, 9.031. vmax~lNujoll 3381, 3296, 

3144. 1613, 1494, 1421, 1325, 1302, 1285, 1228, 1200, 1070, 968, 934, 911, 843, 

781, 764, 701; lCDCl3+TFA1 7.9-7.4(5H, ml, 7.1(1H,, s ) ,  2.9138, sl. 

General Procedure for the Formation of 7-Substituted 6-Amino-3-phenylpyrazolo- 

[5,1-blthiazoles 1. The appropriate activated acetonitrile I6 mol), pyrrolidine 
(6 m o l )  and absolute ethanol I15 mll were stirred under nitrogen at room tempe- 

rature for 20 min, then a solution of 5 I6 moll in absolute ethanol I15 ml) was 
added dropwise. The resultant mixture was stirred at room temperature for 15 h 

(evolution of methanethiol was clearly detected). A stream of dry hydrogen chlo- 

ride was passed through the solution for 1 h. Elimination of solvent under redu- 

ced pressure leads to a crude product which recrystallized from ethanol yielded 1 
as a crystalline solid l see  Table 31. 

Enamine 5 I R  = CN). Malononltrile (0.66 g ,  10 mmol), triethylamine (10 m o l )  in 

dry acetonltrile I20 ml) were stirred under nitrogen at room temperature for 20 

min, then a solution of 5 (10 moll in the same solvent I20 ml) was added. The 

reaction mixture was stirred at room temperature for 12 h. Elimination of solvent 

under reduced pressure and addition of cold ethyl acetate (10 ml) to the residual 

material gave a solid which was filtered and recrystallized from ethyl acetate to 

give 5 I R  = CN) (0.20 g .  42%) as brown prisms, mp 197-198'C (Found: C, 60.18; H, 

3.41; N, 23.19. C12H8N4S requires C, 59.92; H, 3.39; N, 23.22). Vmax (Nujoll 

3358. 3262. 2202, 2180, 1619. 1517, 1497, 1364, 1291, 1138, 911, 769, 735. 696; 
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