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Abstract: A new, one-pot preparation of 3(5)-substituted-lH-pymzole is described that employs 
Horner-Emmons reaction of aldehydes with dianion of novel phosphonate 1 and proceeds through 
cyclizationofN-sodiumsaltofo.,13-umaturatedtosylhydrazones2. © 1998Elsevier Science Ltd. All rights reserved. 

In the plethora of existing methodologies for the synthesis of pyrazole derivatives, a vast majority relies 

on the condensation of  hydrazine with 1,3-difunctional compounds. 1 The appealing generality of this method 

is somewhat vitiated by the severe reaction conditions or the multistep sequence usually required to access the 

starting material. In the case of 3(5)-substituted pyrazole, reaction of 5-metalled-Nl-protected pyrazoles with 

electrophiles represents an attractive alternative, 2 despite the unavoidable sequence of protection-deprotection 

steps. In this light, the [1+4] Beam's approach based on reaction of  lithiated ketone hydrazones with aromatic 

esters 3 is appreciable for its synthetic efficacy, notwithstanding the limits implicit in the use of  a strongly 

basic reagent. 

In this Letter, we describe a novel, one-pot synthesis of 3(5)-substituted pyrazoles from aldehydes and 

diethoxyphosphorylacetaldehyde tosylhydrazone 1 which should validly complement the known 

methodologies. 
o H, 

1 

Tosylhydrazone 1 was prepared 4 in one step from cgmmercially available diethoxyphosphoryl 

acetaldehyde diethyl acetal. 5 Metallation of 1 in THF solution with 2 equiv Nail at 0°C produced a slightly 

yellow suspension of  the corresponding dianion, which underwent Horner-Emmons reaction at room 

temperature with a variety of  aldehydes to afford the N-sodium salt of  ~,~-unsaturated tosylhydrazones 2.6 

Importantly, the electron withdrawing character of  diethoxyphosphoryl group is essential to impart an 

unusual thermal stability to tosylhydrazone dianion. Thus, Shapiro decomposition 7 was not observed at 0°C, 

lh in THF, and proceeded only very partially at room temperature (5% after 3 b). 

Cyclization of 2 with release of sodium p-toluenesulphinate was observed to occur upon setting the 

reaction mixture to reflux, ultimately producing the title pyrazoles 3 in good yield. 8 
H 1 THF Nae e 

2 equiv Nail ~, R,,%,,,~N.N,Ts THF ref lux R.,~N~N 
RCHO 

0°C to r.t. --p-TolSO2Na" 
2 3 
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Table: Synthesis of 3(5)-Substituted Pyrazoles by Reaction of the Dianion of 1 with Aldehydes 

Parent aldehyde 9 Rxn time (h) 3(5)-Substituted Yield b (%) mp (°C) 
1st/2ha s~eFa p]lrazole 10 

N ~  Ref.°il ,~CHO 1.5 / 2 71 
1 1 

~ e H O  N , N ~ ~  108-110 
1 / 1 76 lit. 111 ]2 

- ° . °  

= 145-146 
re 1/1 H re 85 

4 ~  ~ lit. 148-14913 

~[~,,. CHO 1/1 N ~  84 111-112 
lit. 111-11314 

H, O../--OH 
NZ HO 1.5 / 1.5 60 148-152 c 

", o . . / " o ~  
,,,, N;y,  

~ c.o " ° " / " ° ~  67 110-111 e 

A~CHO ", r"k~B, 
N" N '~,,.,~ h l  127-131 

at- v 1 / 1 ~.ff ~ 70 lit. 130-13215 

E=O~ 1 / 1 N.N GEt 85 oil 

OEt 

1.5 / 1 N-~ N~,,~ 72 159-161f 
Me2 N v  

. , ~cHo  ," r'k-,~ COOH 
1 / 1 NoI~ % ~ , J  90g >250 h 

HOOC- v 

oil 
I ~  OH° 1/4 N ' ~  62 Ref. 2a 

CHO N," N ~ ~  Ref. oil 1.5 / 5 .N 64 16 
a 1st step and 2 nd step (see text) were conducted in TI-IF at room and reflux (65 °(2) temperature, respectively, b Isolated yield. 
c Crystall. from acetone, d Crystall. from n-hexane. • Crystall. from EtOAc/n-hexane. fCrystall, from EtOAc. g Run in 
DMF, using 1.1 equiv, of 1 and 3.2 equiv, of Nail. h Crystall. from EtOH. 
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From the summary of examples presented in the Table, the method appears to be quite general. The 

reaction conditions leave a number of functional groups unscathed, and can be successfully applied to 

enolizable as well as unsaturated or aromatic aldehydes. 

Two further examples anticipate the applicability of the present methodology to the concise synthesis 

of polysubstituted pyrazoles, and emphasizes the convergence and generality of the route. 

1) 2 equiv Nail, THF 0 °C to r.t. B r . ~ " ~  I;t 
O ~ N H T s  2) 4-bromobenzaldehyde r.t. to reflux N~~j 

EIO'~} "~'~" R' 
OEt R R R' 

R : Me, R' : H 80% yield 
mp 133-134 °C (from EtOAc / n-hexane) 

R : H, R' : Me 77% yield 
mp 150-152 °C (from EtOH / H20) 

In summary, by utilising the novel, bifunctional phosphonate 1 we have developed a new, one-pot route 

to 3(5)-substituted-lH-pyrazoles from aldehydes which stands as the first example of this kind of 

transformation. The tolerance towards various functional groups and the operational simplicity of the 

methodology make it a practical and efficient method for the synthesis of pyrazoles. 

Representative procedure. To a TIIT (3.0 mL) suspension of Nail (65% in mineral oil, 0.165 g, 4.4 

mmol) a solution of diethoxyphosphorylacetaldehyde tosylhydrazone 1 (0.750 g, 2.2 mmol) in the same 

solvent (4.0 mL) was added over five minutes at 0-5°C. After stirring for 30 min, the resulting yellow 

suspension was treated with a TI-IF solution (3.0 mL) of the aldehyde (1.5 mmol). Stirring was continued for 

the indicated time (see Table, 1 st step) at room temperature before bringing the mixture to reflux. After 

completion of the cyclization step (see Table, 2 nd step), the reaction mixture was poured into 5% aq. 

NaH2PO4 and extracted with EtOAc. The crude product was then purified by chromatography on silica gel. 
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