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Catalytic silylotropy in N-trimethylsilylpyrazole derivatives 
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Silylotropy in 4-substituted N-trimethylsilylpyrazoles is studied by dynamic )H, 13C, and 
29Si NMR spectroscopy. The catalytic 1,2-migration of a trimethylsilyl group in 4-halo- 
N-trimethylsilylpyrazoles was detected. Silylotropy in N-trimethylsilylpyrazoles in the presence 
of halogens or trimethylhalosilanes is believed to proceed through formation of N,N'-bis(tri- 
methylsilyl)pyrazolium salts, the barrier of silylotropy in pyrazoles being markedly reduced. 
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It is known that  annular  protot ropic  tau tomer ism in 
azoles, including pyrazoles,  can be described by a gen- 
eral equat ion of  ac id-base  catalysis.l,2 However,  cataly-  
sis of  e l emento t ropy  in azoles has not hi ther to been 
observed. Nevertheless ,  irreversible migrat ion of  alkyl 
and phenacyl  groups in 1,2,4-tr iazoles under  the action 
of  catalyt ic  amounts  of  alkyl and phenacyl  halides is 
d o c u m e n t e d )  

In the study of  s i lylotropy in 4 - h a l o - l - t r i m e t h y l -  
si lylpyrazoles by dynamic  IH, 13C, and 29Si N M R  spec-  
troscopy,  we paid a t tent ion to the difference in behavior  
of  4 -ch lo ro-  (1) and 4 -b romo- l - t r ime thy l s i l y lpy razo l e  
(2), on the one hand,  and of  4- iododer ivat ive  (3), on the 
other  hand. These compounds  were obtained by silylating 
the corresponding 4-ha lopyrazoles  with hexamethyl -  
disi lazane ( H M D S )  according to a procedure  similar  to 
that  appl ied for si lylation of  pyrazole.  4-6 The increased 
act ivi ty of  4 -ha lopyrazo les  in s i ly la t ion with hexa-  
methyldis i lazane made it possible to reduce the reaction 
t ime from 10 h (in the case of  si lylat ion o f  pyrazole)  to 
2--2.5 h and to carry out  this react ion in the absence of  

(NH4)2SO4, a common silylation catalyst ,  at an equimo-  
lar ratio of  4-halopyrazole  and H M D S ,  

X 

~iMe 3 
1--3 

X = CI (1), Br (2), I (3) 

X 

~N/N--SiMe3 (i)  

Coalescence of  the signals of  the protons at posit ions 
3 and 5 of  the pyrazole ring is observed in the IH N M R  
spectra of  silylpyrazoles 1 and 2 at 165 and 159 °C, 
respectively (Table 1). Decreasing temperature  to -20  °C 
transforms the spectra into their  original appearance.  
Thus, we deal with a reversible process. Coalescence of  
the resonance signals of  the ring protons (8 n (H-3 ,  
H-5) = 7.65) also occurs on heating si lylpyrazole 3 (up 
to -140- -160  °C). However,  as the tempera ture  de- 
creases, the coalescence of  the signals is detected only at 

Table 1. Parameters of the IH, 13C, and 29Si NMR spectra of N-trimethylsilylpyrazoles 1--4 (neat liquids without 
solvents) and N,N'-bis(trimethylsilyl)pyrazolium bromide 5 

Corn- 8 IH 8 13C 8 29Si AGe ~ Av/Hz Tc/K 

pound H-3 H-5 Si(CH3) 3 C-3 C-4 C-5 Si(CH3) 3 /kcal mol -I  

1 7.59 7.54 0.38 141.77 110.88 131.69 -1.1 17.1 24.0 4.l 438 

2 7.60 7.56 0.39 143.60 94.1 133.80 -1.1 17.0 23.8 3.5 432 

3 7.68 7.63 0.40 147.36 57.68 137.86 -1.2 17.0 

4 a 7.65 7.55 0.37 143.00 106.30 133.64 -0.85 14.2 23.1 t' 11.6 b 438 b 
7.73 c 7.56 c 142.85 c 105.71 c 133.29 c -1.2 c 14.6 c 

143.5 a 106.3 a 134.0 a 

5 e 7.84 7.84 0.59 136.76 106.59 136.76 2.34 24.3 

a 8H (H-4): 6.22 (neat liquid) or 6.28 (a solution in CDCI3). b See Ref. 4. c In solution in CDCI 3. a See Ref. 7. 
e 8H (H-4): 6.48 (CDCI3). 
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--45 °C, and comple te  separat ion of  the signals occurs 
in the range o f - 7 0  to - 9 0  °C (AGe ¢ = 12.2 kcal mol - I ,  
Av = 4 Hz, CD2C12). 

We assumed that heating si lylpyrazole 3 results in its 
partial decompos i t ion ,  and the decomposi t ion  products 
catalyze si lylotropy. The most likely decomposi t ion  pro-  
cess of  compound  3 can be thermolysis  of  the C - - I  
bond. To verify this assumption,  we studied the influ- 
ence of  halogens on the migrat ion of  the tr imethylsilyl  
group in 1- t r imethyls i ly lpymzole  (4). Indeed,  the addi-  
tion of  traces of  iodine to compound  4 accelerates 
silylotropy. This followed from the coalescence of  the 
signals of  H-3 and H-5  in the IH N M R  spectra, which 
was observed even at room temperature .  Bromine is less 
active, and it was necessaD' to heat the sample to attain 
a similar effect. 

The mechanism of  the effect of  halogens on the 
tr imethylsi lyl  group migrat ion consists probably in the 
formation of  in termedia te  t r imethylhalos i lane followed 
by its reaction with the substrate. Indeed,  the addi t ion of  
a small  amoun t  o f  t r ime thy lha lo s i l ane  (except  for 
CISiMe 3) to compound  4 leads to the coalescence of  the 
signals of  the ring protons,  which is due likely to the 
rapid degenerate exchange between the initial N-tri-  
methyls i lylpyrazole  4 and N,N ' -b i s ( t r imethy ls i ly l )pyra -  
zolium halide (5) formed.  

N + HalSiMe 3 ~ ~ ~N/N- -S iMe3  

~iM e 3 ~iMe 3 
4 5 

Hal = Br, 1 

Hal- (2) 

Indeed, the formation of  N,N ' -b i s ( t r imethyls i ly l ) imi-  
dazolium salts and their  par t ic ipat ion in exchange pro-  
cesses were reported earlier. 8,9 

As in the case of  imidazole  derivatives, 8 the equilib- 
rium (2) is significantly shifted towards salt formation. 
Mixing of  equ imolar  amotmts  of  BrSiMe 3 and N-tri-  
methyls i lylpyrazole  led to deposi t ion of  a white precipi-  
tate of  N,N ' -b i s ( t r imethy l s i ly l )pyrazo l ium bromide.  The 
IH, I-~C, and 29Si N M R  spectra  of  its solutions in 
CDCI 3 confirm comple te ly  the assumed structure (see 
Table 1 ). 

It is known that the migrat ion of  the tr imethylsi lyl  
group in silylated pyrazoles occurs owing to the in- 
t ramolecular  exchange.  4,1° A similar  migration of  the 
t r imethyls i ly l  group in the presence  of  t r iorganyl-  
halosilanes occurs through the tormation of  N,N ' -b i s ( t r i -  
organyls i lyl)pyrazol ium salts. The barrier  to silylotropic 
exchange is thereby significantly decreased (from ~23--  
24 kcal tool - I  without  catalysts to 12.2 kcal mol - l ,  see 
Table 1). 

Experimental 

The IH, 13C, and 29Si NMR spectra were recorded on a 
JEOL FX 90 Q spectrometer. The chemical shifts were mea- 

Table 2. Physicochemical characteristics of 4-halo- 
1 -trimet hylsilylpyrazoles 1--3 

Com- Yield M.p./°C nD 25 
pound (%) (p/Torr) 

1 85 59--61 (5) 1.4750 
2 90 48--49 (1) 1.4965 
3 95 78--79 (1) " 

a The index of refraction was not determined because 
of rapid hydrolysis of the substance in the air. 

sured with respect to Me4Si as the internal standard. The 
samples were studied as neat liquids (without solvents) because 
of extremely high hydrolyzability of the compounds. The 
coalescence temperatures were measured with the accuracy of 
05 °C, and Av were measured with the accuracy of 0.1 Hz. 

AGc ~ values were calculated using the known formula. II 
The physicochemical characteristics of 4-halo-l-trimethyl- 

silylpyrazoles are given in Table 2. All the compounds are 
colorless oily liquids, which are easily hydrolyzed in the air. 

General procedure of silylation. A mixture of equimolar 
amounts of the corresponding pyrazole and HMDS was re- 
fluxed (calcium chloride tube). The reaction mixture was then 
distilled in vacuo in an atmosphere of dry argon. 
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