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Reactions Between Azolium Anions and Electrophilic Reagents. Part 
I1.l Direct Thiation of I ,2-Disubstituted Pyrazolium Anions with Sulphur 
By Mikael Begtrup, Department of Organic Chemistry, Technical University of Denmark, D K-2800 Lyngby, 

Denmark 

Pyrazolium salts (1 ) afford A3-pyrazoline-5-thiones (2) in good yields when treated with sulphur and sodium 
hydride in dimethylformamide. Pyrazolium salts (1 a) with two different N-substituents produce two isomeric 
A3-pyrazoline-5-thiones (2a and b) in a ratio reflected by the ratio between the deuterium exchange rates of 
H-3 and H-5 in the starting material ( la) .  

NLV’-DISUBSTITWTED A3-pyrazolinc-5-thiones (2) have their anions, with pyridine or triethylamine as the base, 
been prepared previously from NN‘-disubstituted is formulated as an ionic process (Scheme 1) .lo-= 

3-chloropyrazolium salts (3) by substitution of chlorine This reaction is attractive since 5-unsubstituted or 
with sulphide or thiosulphate ion.2>3&p4 &Substituted NN‘-dialkylpyrazolium salts (1) in contrast to the 

( 2 )  
SCHEME 1 

NN’-(alkyl,aryl)-3-chloropyrazolium salts are readily 
accessible whereas 5-unsubstituted or NN’-dia&yl- 
3-chloropyrazolium salts are not  SO.^ Hence, there is a 
need for an alternative synthesis of 3-unsnbstituted or 
NN‘-dialk y l- A3-pyrazoline-5-t hiones. 

Thiation of pyrazolium salts (1) with elemental 
sulphur analogous to the reported thiation of imidazol- 
iurn,6 thiazolium,7 and 1 ,Z,d-triazoliurn * e 9  salts via 
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3-chloro-derivatives (3) , are readily a~ailable.~J4 How- 
ever, our attempts to  thiate pyrazolium salts (1) did 
not affect the starting material. Presumably the 
initial abstraction of pyrazohm protons, known to 
be less acidic than imidazolium, thiazolium, or 1,2,4- 
triazolium protons,5J5-17 requires a stronger base 
than pyridine or triethylamine. However, thiation of 
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508 J.C.S. Perkin 1: 
pyrazolium salts (1) with sulphur was accomplished 
in good yield by using sodium hydride in dimethyl- 
formamide. * The usefulness of this experimentally 
simple process was demonstrated by the preparation 
of A3-pyrazoline-5-thiones (2) with a variety of N- or 
C-substituents from readily accessible pyrazolium salts 

5-thiones (2a and b). Provided that the reaction is 
kinetically controlled and that the deprotonation is 
rate-limiting, the relative stability of the anions (4) 
and (5) should determine the ratio between the products 
(2a and b). The relative stability of the anions (4) 
and (5),  in turn, is reflected by the ratio between the 

TABLE 1 
Conversion of 1,2-disubstituted pyrazolium tosylates into l,%disubstituted A3-pyrazoline-5-thiones 

Starting material 
(1) [or (141 

t \ 

K1 R2 RS R4 Ref. 
Me Me H H 16 

Me Me Br Me 16 

CH,Ph CH,Ph H H a 

Me CH2Ph H H 5 

Me CH,Ph C1 H 5 

Me CH,Ph Br €I 5 

Me Ph H H 5 

Me Ph C1 H 5 

Me Ph Br H 5 

Product(s) 
(2) [or (2a or b)] 

r - p A  

K' R2 R3 R4 
;1Ie Me H H 

Me Me Ur Me 

CH,Ph CH,Ph H H 

CH2Ph Me H H 

Me CH,Ph H H 

CH,Ph Me C1 H 

Me CH2Ph C1 €I 

CH2Ph M e  Br H 

3le CH,Ph Br H 

Ph Me H H 

Mc Ph H H 

Ph ICIe C1 H 

hle Ph C1 H 

Ph Me Br H 

Me Ph Br H 

- Yield 

67 

55 

80 

15 

19 

20 

19 

22 

24 

47 

38 

27 

34 

17 

21 

(%I t 
Recryst. 
from 

CHC13-Et,O 

CHC13-Et20 

CHC13-Et20 

CHC13-Et20 

CHC13-Et20 

EtOAc 

EtOAc 

EtOAc 

EtOAc 

EtOAc 

EtOAc 

CHC13-E t2O 

CHC13-E t ,O 

CHZCI ,-Et,O 

CH,CI2-Et,O 

Mp. 
( "C) 

18 7-1 80 

225-227 

151-154 

162-165 

170-172 

158-159 

139-144 

167-168 

157-158 

141-142 

155-158 

205 

178-180 

21 3-216 

316-91 7 

% Found: yo Required 

' C  H N S Hal' 
46.8 6-25 21.75 25-06 
46.85 6.3 31-85 25.0 
32.6 4.05 12.5 14.36 36.1 
32.6 4.1 12-65 14.5 36.15 
72.65 5.7 9.8 11-35 
72.8 5-75 10.0 11-45 
64-55 5.9 13.75 15-65 
64.65 5.9 13.7 15.7 
64-55 5.86 13.65 15.7 
64.65 5.9 13.7 15.7 
55.1 4.7 11-8 13-25 14-65 
55-35 4-65 11-75 13-45 14-9 
55.2 4.7 11.9 
55-35 4.65 11.78 
46.7 3-95 10.0 11.26 
46.55 3.9 9.9 11.3 
46-55 4-05 9.8 11.3 28.4 
46.55 3.9 9.9 11.3 38-4 
63.0 5-35 14.9 16.9 
63.1 5-3 14.75 16.85 
63.15 5.25 14.6 16.9 
63.1 5.3 14.75 16.85 
53.25 3.95 12.6 14.3 15-6 
53.45 4.05 12.45 14.25 15.8 
53.4 4.0 12.55 14.2 15-65 
53-45 4-05 12.45 14.25 15.8 
44-65 3.4 10-4 12-05 29.8 
44.6 3.35 10.4 11-9 29-6 
44.65 3-45 10.4 11.95 29.7 
44.6 3.35 10.4 11.9 29.6 

0 1,2-Dibenzylpyrazolium bromide, m.p. 192", was prepared (82%) by heating 1-benzylpy-razole (R. G. Jones, J .  Amer. Chenz. SOL, 
The mixture was then washed with ether and recrystallized from 1949, 71, 3994) with benzyl bromide (1.2 equiv.) to 100' for 3 h. 

methanol-ether. b Another modification melts a t  ca. 186". 
Of single, crude pyrazolinethione. 

(1) in yields (Table 1) similar to those (Table 2) obtained 
by treatment of the relatively inaccessible chloro- 
pyrazolium salts (3) with sulphide or thiosulphate. 

TABLE 2 
Conversion of 1,Z-disubstituted 3-chloropyrazolium salts 

into 1,Zdisubstituted A3-pyrazoline-5-thiones 
With sodium 

Starting thiosulphate 
material a Product r 

(2) Method 
r--7 of Yield M.p.b 

c I 

(3) 

R1 R2 prep. (%I t ("C) 
Me Me A 30 187-189 
CH,Ph Me B 72 161-163 

Ph  Me B 46 141-142 
Me Ph A 84 159 

t Of crude product. 

With potassium 
sulphide - 

Yield M.p. 
(%) t ("C) 

52 183-186 
58 160-161 

100 156-159 
66 133-134 

Prepared as described in ref. 5. b Recrystallization media 
given in Table 1. 

Pyrazolium salts (la) with two different N-sub- 
stituents gave rise to pairs of isomeric A3-pyrazoline- 

rates of the base-catalysed exchange of H-3 and H-5 
in the starting material (la) with deuterium. H-3 is 
exchanged 1-12-1.16 times faster than H-5 in l-methyl- 
2-benzylpyrazolium tosylates ( la ;  R1 = Me, R2 = 
CH,Ph) .6 Accordingly, 1-methyl-2-benzylpyraolium 
tosylate ( la ;  R1 = Me, R2 = CH2Ph, R3 = H) and 
its 4-chloro- (R3 = C1) and 4-bromo- (R3 = Br) deriv- 
atives produce the isomeric pyrazolinethiones (2a and 
b; R1 = Me, R2 = CH2Ph, R3 = H, C1, or Br) in the 
ratio 1-03-1.04 : 1 (Table 1). 

1-Methyl-2-phenylpyrazolium tosylate ( la  ; R1 = 
Me, R2 = Ph, R3 = H) and its 4-chloro- (R3 = C1) 
and 4-bromo- (R3 = Br) derivatives produce the iso- 
meric pyrazolinethiones (2a and b ;  R1 = Me, R2 = 
Ph, R3 = H, C1, or Br) in the ratio 1.1-1.6 (Table 1). 
This is in reasonable agreement with the ratio of 1.2- 

* Sodium hydride in dimethylformamide was found to  be 
preferable to other combinations of sodium hydride or potassium 
hydride, t-butoxide, or amide (as the base) and dimethyl- 
formamide, triethylamine, dimethyl sulphoxide, N-methylaniline, 
hexamethylphosphoramide, or ammonia (as the solvent). 
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1.4 : 1 between the exchange rates of H-3 and H-5 in 
the corresponding starting  material^.^ 

These results confirm the proposed ionic mechanism 
and indicate that the distribution between isomeric 
pyrazolinethiones (2a and b) in general may be pre- 
dicted from the deuterium exchange rates of H-3 and 
H-5 in the starting material (la). 

All compounds were identified on the basis of ele- 
mental analysis and n.m.r. spectra. The structure 
of 2-benzyl-1-methyl-A3-pyrazoline-5-thione (2b ; R1 = 
Me, R2 = CH,Ph, R3 = H) is apparent from its fonn- 
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The procedure described previously was employed ; 1- 1 
equiv. of sodium hydride were used with halogen-sub- 
stituted starting material [with the exception of (1  ; R1 = 
R2 = R4 = Me, R3 = Br)], 3 equiv. in all other cases. 
When an n.m.r. spectrum of the crude product proved that 
only one pyrazolinethione was present, purification was 
effected by recrystallization (Table 1). When the n.m.r. 
spectrum indicated that the crude product contained two 
isomers, separation was achieved by chromatography 
as described below. 

(a) 1-Methyl-2-benzylpyrazolium tosylate ( la  ; R1 = 
Me, R2 = CH2Ph, R3 = H) gave a mixture of isomers 

ation from 1-benzyl-3-chloro-2-methylpyrazoliu~n tosyl- 
ate (3; R1 = CH2Pli, R2 = Me, R3 = R4 = H) on treat- 
ment with sulphide or thiosulphate (Table 2). 2-Benzyl- 
l-methyl-A3-pyrazoline-5-thione (2b; R1 = Me, R2 = 
CH2Ph, R3 = H) gives rise to a phenyl group multiplet 
in the lH n.m.r. spectrum whereas the isomeric compound 
(2a) shows a phenyl group singlet.* The lH 11.m.r. 
spectra of the two isomeric methylbenzylchloro- and 
methylbenzylbromo-A3-pyrazoline-5-thiones show a 
corresponding difference on which the structural 
assignments of the single isomers were based (Table 3).t 

The structure of 2-methyl-l-phenyl-A3-pyrazoline- 
5-thione (2a; R1 = Me, R2 = Ph, R3 = H) is apparent 
from its formation from 3-chloro- 1 -methyl-2-phenyl- 
pyrazoliuni tosylate (3; R1 = Me,R2 = Ph, R3 = R4 = 
H). Similarly, the structure of the isomer (2b) is apparent 
from its preparation from (3; R1 = Ph, R2 = Me, 
R3 = R4 = H). The methyl group of the pyrazolinethi- 
one (2a) resonates a t  higher field and exhibits a larger 
positive benzene solvent shift than that of the isomer 
(2b) (Table 3).t 

These characteristics were used to assign the structure 
of the methylphenylchloro- and methylphenylbromo- 
A3-pyrazoline-5-thiones obtained as single isomers. The 
assignments were confirmed by l3C n.m.r. spectra 
(Table 4). f 2-Methyl-l-phenyl-A3-pyrazoline-5-thione 
(2a; R1 = Me, R2 = Ph, R3 = H) can be distinguished 
from its isomer (2b) by the increased 13C chemical 
shifts of the ortho-phenyl and the methyl carbon atoms.18 
The chloro- and bromo-derivatives showed similar 
characteristics. 

EXPERIMENTAL 

Column chromatography and preparative t.1.c. were 
carried out as described previ~usly.~ The purity of all 
compounds was checked by t.1.c. 

Preparation of 1,2-Disubstituted A3-Pyrazoline-5-thiones 
(2) by Thiation of 1,2-Disubstituted Pyrazolium Salts (1) .- 

* The same difference has been observed with the correspond- 
in g A3-pyrazolin- &ones. 

(2a and b;  Iil = hIe, R Z  = CH,Ph, R3 = H) in the ratio 
1.03 : 1 as indicated by an n.m.r. spectrum. Preparative 
t.1.c. [3 elutions with ethyl acetate-chloroform (1 : l)] 
afforded 2-benzy2-l-methyl-A3-pyrazoline-5-thione (RF 0.25) 
and l-benzyZ-2-methy1-A3-pyrazoline-5-thione (RF 0.12). 

(b) 2-Benzyl-4-chloro- l-methylpyrazolium tosylate ( la ;  
R1 = Me, R2 = CH,Ph, R3 = C1) gave the two isomers (2a 
and b; R1 = Me, R2 = CH,Ph, R3 = C1) in the ratio 
1.01: 1 as shown by an n.m.r. spectrum. Preparative 
t.1.c. [ethyl acetate-chloroform (1 : 1) ; three elutions] 
produced l-benzyl-4-chloro-2-methyl-A3-pyrazoline-5-thione 
(RF 0.62) and 2-benzyl-4-chloro-l-methyl-A3-pyrazoline-6- 
thione (RF 0.50). 

(c) 2-Benzyl-4-bromo-l-methylpyrazolium tosylate ( la  ; 
R1 = Me, R2 = CH,Ph, 113 = Br) produced the two 
isomers (2a and b; R1 = Me, R2 = CH2Ph, R3 = Br) 
in the ratio 1.04 : 1 (n.m.r. spectrum). Preparative t.1.c. 
[ethyl acetate-chloroform (1 : 1) ; three elutions] gave 
1-benzyl-4-bromo- 2-methyE-A3-pyrazoZiine- 5-thione ( RF 0.6 0) 
and 2-benzyl-4-bronzo-l-methyl~yra~oline-5-thaone (Rp 0.54). 

(d) 1-Methyl-2-phenylpyrazolium tosylate ( la ;  R1 = 
Me, R2 = Ph, R3 = H) afforded a 1 : 1.68 mixture of 
isomers (2a and b ;  R1 = Me, R2 = Ph, R3 = H) (n.m.r. 
spectrum). Column chromatography on silica gel (20 g 
per g of starting material) with ethyl acetate as eluant first 
gave l-methyl-2-phenyl-A3-~yrazoline-5-thione. The column 
was then eluted with ethyl acetate-methanol (1 : 1) to give 
2-methyl- l-phenyl-A3-~yraxoline-5-thione. 

(e) 4-Chloro- l-methyl-2-phenylpyrazolium tosylate ( la  ; 
R1 = Me, R2 = Ph, R3 = C1) gave a 1 : 1.08 mixture of 
isomers (2a and b ;  R1 = Me, R2 = Ph, R3 = C1) (n.m.r. 
spectrum). Column chromatography (50 1; of silica gel 
per g of starting material; ethyl acetate) first gave 4-chloro- 
l-met?~yl-2-phenyl-A~-pyrazoline-5-thione, then 4-chloro- 
2-methyl- l-phenyl- A3-Pyrazoline-5-thione. 
(f) 4-Bromo- l-methyl-2-phenylpyrazolium tosylate ( l a  ; 

R1 = Me, R2 = Ph, R3 = Br) gave the two isomers (Za 
and b; R1 = Me, R2 = Ph, R3 = Br); ratio 1 : 1.63 
(n.m.r. spectrum). Column chromatography (50 g of 

t Tables 3 (lH n.m.r. data) and 4 (13C n.m.r. data) are avail- 
able as Supplementary Publication No. SUP 21243 (4 pp.). For 
details of Supplementary Publications, see Notice to Authors No. 
7 in J.C.S. Perkin I ,  1973, Index issue. 

l8 M. Begtrup, Acta Chem. Scand., 1974, B28, 61. 
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silica gel per g of starting material: ethvl acetate) first 
yielded 4-bromo- l-methyl-2-Phenyl- A3-pyrazoline-5-thione, 
then 4-bromo-Bmet?~yl-l-ph,enylpyrazoline-5-thione. 

Preparation of 1,2-Disubstituted A3-Pyrazoline-5-thiones 
(2) from 1,2-Disubstituted 3-ChZoro~y~azolium Tosylates ( 3 )  
a d  Sodium Thiosulphate.2b-(A) The 1,2-disubstituted 
3-chloropyrazolium tosylate (3) was heated to reflux for 
8 h with aqueous 5% sodium thiosulphate (2 equiv.). 
The solution was then filtered and the residue washed 
with a small amount of water. The combined aqueous 
solutions were evaporated to dryness and the residue was 
extracted 6 times with boiling ethyl acetate (10 ml per g 
of starting material). Evaporation of the extract left 
the crude product (Table 2). 

The mixture 
was then filtered and washed with water. The residue 
was extracted 5 times with methanol (10 ml per g of start- 

(B)  The reaction was carried out as in ( A ) .  

ing material). The methanol was removed and the mixture 
was extracted 6 times with boiling ethyl acetate (10 ml 
per g of starting material). Evaporation of the extract 
left the crude product (Table 2). 

Prepwation of l12-Disubstituted A3-Pyrazoline-5-thiones 
(2) from 1,2-Disubstituted 3-Chloropyrazolium Tosylates (3)  
and Potassium Sulphide.2a-The 1,2-disubstituted S-chloro- 
pyrazolium tosylate (3)  was heated to reflux for 6 h with 
1.2 equiv. of potassium sulphide and methanol (20 ml 
per g of starting material). The solution was then filtered 
and the residue was extracted 5 times with methanol 
(10 ml per g of starting material). The solution was 
filtered through activated carbon, the methanol was re- 
moved, and the residue was extracted 6 times with boiling 
ethyl acetate (10 ml per g of starting material). Evapora- 
tion of the extract afforded the crude product (Table 2). 
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