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Methods a r e  p roposed  fo r  the synthes is  of phosphoryla ted  pyrazo lones  by condensation of phosphon- 
a tes  of f l-keto{formyl) e s t e r s  with hydraz ine  and i ts  der iva t ives :  The IR spec t r a  a r e  p resen ted ,  
and the fine s t ruc tu r e s  of the compounds a r e  d iscussed .  

Carbon-phosphory la ted  he t e rocyc le s  have recent ly  been the subject  of extens ive  study [1] in connection 
with data on the i r  high physiological  act ivi ty .  At the s ame  t ime,  e x t r e m e l y  l imited considera t ion  has been 
given to the synthes is  of such subs tances  that have an additional function, fo r  example ,  phosphoryla ted  p y r a z -  
olones.  The usual  method for  the p r epa ra t i on  of pyrazo lones  is condensation of f l -keto(formyl)  e s t e r s  with 
hydraz ine  and its der iva t ives .  Thus a pyrazo lone  whose s t ruc tu re  has not been proved  was obtained f rom 
phospho keto e s t e r  (C2HsO)2P(O)C(O)CH2COOC2H ~ [2]. 

We have  synthes ized ethyl  d ia lkoxyphosphonyl formylaee ta tes  I - I I I  (Table 1). According to the PMR 
spec t r a l  data,  these compounds do not contain an aldehyde group, and this indicates  that they have enol s t r u c -  
tu res .  4 -Phospho -5 -py razo lones  IV-VII  were  obtained by condensation of II and III with hydrazine  and phenyl-  
hydrazine  (see Table  2). 
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Compounds IX-XI  (Table 3) were  s i m i l a r l y  obtained f r o m  phosphoryla ted der iva t ives  of ace toace t ic  es te r .  
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IX-XI 

The 31p NMR spec t r a  p rove  the phosphonate nature  of the pyrazo lones .  

The l i t e r a tu re  contains data accord ing  to which pyrazo lones  of this type have been obtained by react ion  
of 4 - a r y l i d e n e - l - a r y l - 3 - m e t h y l - 5 - p y r a z o l o n e s  with dialkyl phosphi tes  [3, 4]; however ,  the react ion  is not of 
genera l  impor tance  [5]. One of our  py raza lones  (IX, Table 3) has been prev ious ly  descr ibed  [3]. Analysis  of 
the IR spec t r a  makes  i t  poss ib le  to a s s um e  that  pyrazo lones  containing phosphorus  d i rec t ly  bonded to the ring 
exis t  in var ious  t au tomer ic  f o rm s .  The s p e c t r a  of IV-VI  a re  cha rac t e r i zed  by the p r e sence  of an intense 
absorpt ion  band at 3250 cm -1 (associated NH} and a carbonyl  band at 1670-1675 em -1. Py razo lones  IV-VI 
probably  have a s t ruc tu re  s i m i l a r  to that of amides  in the c rys ta l l ine  state.  

An absorpt ion  band at 3150 cm -1, which cap a lso  be ass igned to an assoc ia ted  NH group, and an intense 
band of complex s t ruc tu re  at 1800-2800 cm -1, which was ass igned to the OH group [6], a r e  observed  in the 
s p e c t r a  of VII and VIII. All of this indicates  the fo rmat ion  of s t rong  in t e rmolecu la r  hydrogen bonds. Thus the 
spec t r a l  data const i tute evidence in favor  of an enol s t ruc tu re  for  VII and VIII in the c rys ta l l ine  state.  
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TABLE 1. C h a r a c t e r i s t i c s  of the F o r m y l  De r iva t i ve s  

Corn- I 
poundJ 

I 
II 

III 

~D zo 
Emperical 
formula 

C~H~ t,4515 CgH,rOsP 
C3H7 1,4522 CilH~IO6P 

CH~CH~CH~(CH~) 1,4660 CgH,sO6P 

I . : Rf 
found calcuq(system) * 
1% tlated, I 

12.4 12,8 0.33(F) 
11,4 11,7 0,83 (13) 
11,9 12,4 0,66(B) 

PMR spec- ] 
trum (cc14) , o 
6, ppm [~'~ 

/ 
8,30 [ 12,80 20 
8,60 I 12,70 20 
7,90 9,50 18 

* Silufol. 

TABLE 2. 4 - D i a l k o x y p h o s p h o - 5 - p y r a z o l o n e s  

60 

IV 

V 

V1 

VII 

v[[l 

C2H5 

C3Hr 

CH~CH~CH(CH~) 

C~H~ 

C~H7 

:6H,, 

:~H~ 

H 

H 

mp. Found, 

*G C H 

}2--93 52,8 5,9 

~6--97 56,0 6,8 

~7--88 53,4 5,4i 

]54-- 37,~1 ~,2 
155 

162-- 43,71 ~,2 
163 i 

"1 �9 formula 
P C IH 

10,1 [CIaHITN204P 52,71 5,7 

9,11CI~H21N204P 55,51 6,5 

I0,31CI~H~sN204P 53.015,1 

!3,~]CaH~aNzO4P 38,21 ~,0 

12,21C~I-hTN~O,P 43,515,9 

Empedcal Calc., % 

p 

10,~ 

O,~ 

10,5 

~4,1 

12,5 

* Aluminum oxide. 
~Silufol. 

T A B L E  3. 4 - D i a l k o x y p h o s p h o a l k y l - 5 - p y r a z o l o n e s  

t e m )  

0,41 
(C) * 
0,62 

( C )  * 
0,50 
(BF 
0.55 

;MI" 
0,60 

A) "t I 

Z c ~ 2  

-39,5 52 

- -  45 

- 37.~ 34 

--30,~ 44 

- -  4 ~  

f p  Foun,, R' R" m p o  * C  

c i .  I P 
Emperical 
formula 

Calc., % 

c l .  I P 

x ]22H5 C6HstCHs 159--160 56,5] 9 0 C.6H~N~O4P 56.8] 6,81 9,2] 060 -27,0 70 
XIIE2H5 H /CHa 222--223 [46,21 11,7 C,oH,gN~O4P[458 7,4 11,8 0,45 --35,4 i 

*Silufol ,  s y s t e m  E. 
t A c c o r d i n g  to the data  in [3], this  compound has  mp  115-116 ~ 

P y r a z o l o n e s  IX and X a r e  a l so  r e p r e s e n t e d  by  an enol f o r m  in the c ry s t a l l i ne  s tate .  A b r o a d  band at 
2500-2650 cm -1 (OH) is o b s e r v e d  in t he i r  IR s p e c t r a .  In c h l o r o f o r m  solut ion these  p y r a z o l o n e s  a l so  exis t  in 
the enol fo rm.  Dilut ion of  the solut ions  to 0.004 M does  not affect  the c h a r a c t e r  of  the abso rp t ion  of the hydroxy  
group,  and this ind ica tes  that  it p a r t i c i pa t e s  in the f o r m a t i o n  of an i n t r a m o l e c u l a r  hydrogen  bond, The  p r e s e n c e  
of abso rp t i on  at 3200 (assoc ia ted  NH) and 2500-2800 c m  -1 (OH) is  c h a r a c t e r i s t i c  f o r  p y r a z o l o n e  XI. 

EXPERIMENTAL 

The s y n t h e s e s  w e r e  c a r r i e d  out in an ine r t  gas  a t m o s p h e r e .  Chemapol  100/250 ~ s i l i ca  gel  and ac t iv i ty  
II  a luminum oxide w e r e  used  fo r  co lumn  c h r o m a t o g r a p h y .  Silufol UV-254 and a luminum oxide w e r e  used  fo r  
t h l n - l a y e r  c h r o m a t o g r a p h y  (TLC). The fol lowing s y s t e m s  w e r e  used  fo r  c h r o m a t o g r a p h y :  A) b e n z e n e - d i o x a n e  
(3:1), B) h e x a n e - d i o x a n e  (2:1), C) ethyl  ace ta t e ,  D) b e n z e n e - d i o z a n e ;  (2:1), and E) b e n z e n e - m e t h a n o l  (4:1). 
The I R s p e c t r a  of  KBr  pe l l e t s  of  the compounds  w e r e  r e c o r d e d  with a UR-20  s p e c t r o m e t e r .  The  NMR s p e c t r a  
w e r e  r e c o r d e d  with a V a r i a n  XL-100  s p e c t r o m e t e r .  The s t andard  fo r  NMR was  85% phosphor i c  acid,  and the 
s t anda rd  f o r  PMR was  t e t r a m e t h y l s i l a n e .  

l~3 -Bu ty lenephosphoace t i c  E s t e r ,  A 90 -g  (0.5 mole )  s a m p l e  of  e thyl  b r o m o a c e t a t e  was  added at 60 ~ to 
66 g (0.44 mole)  of  me thy l  1 ,3-buty lenephosphi te  [7]. The  r e a c t i o n  was  accompan ied  by spontaneous  heat ing,  
and me thy l  b r o m i d e  d is t i l led  into a cooled  r e c e i v e r .  The t e m p e r a t u r e  in the r eac t ion  m i x t u r e  was  ma in ta ined  
at 80-90". T r a c e s  of  m e t h y l  b r o m i d e  w e r e  r e m o v e d  in vacuo  (water  a s p i r a t o r ) ,  and the res idue  was  f rac t iona ted  
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to give 49 g (50%) of a product  with bp 150-155 ~ (1 mm),  Rf 0.55 (system D, A1203) , n~ 1.4560, and d~ ~ 1.1978. 
PMR spec t rum (CCI~): 1.22 (t, e s t e r  CH3) , 1.32 (t, CH 3 butylene), 1.90 (m, CH2) , 2.83 (d, CH2, Jp ,  H =22.7 
Hz), 4.16 (m, CH 2 es ter) ,  4.45 (m, butylene CH2), and 4.75 ppm (m CH). The integral  intensi t ies  are  in 
agreement  with the number  of protons included in the composit ion of the molecule .  Found: C 43.3; H 6.7; 
P 13.9~. CsHI50~P. Calculated: C 43.6; H 7.1; P 13.5~. 

Fo rmyl  Der ivat ives  (I-m).  A mix tu re  of 56.2 g (0.25 mole) of 1,3-butylenephosphoacetie e s t e r ,  17.7 g 
(0.25 mole) of ethyl formate ,  and 14 ml of absolute ethanol was added at 0 ~ to a suspension of 5.7 g (0.25 g- 
atom) of sodium metal  in 250 ml of absolute e ther ,  and the mixture  was allowed to stand at room tempera tu re  
for  24 h. The resul t ing sal t  was dissolved in 400 ml of water ,  organic l aye r  was separated,  and the aqueous 
lye r  was cooled and acidified to pH 1 with 25 ml of concentrated HC1. The formylat ion product  was extracted 
with three  100-ml port ions of ch loroform,  and the ex t rac t  was dr ied with sodium sulfate. The ch loroform was 
evaporated to 20 ml, and the des i red  product  was purif ied by chromatography in a column filled with s i l ica  gel 
(elution with mixture  B). The yield of III was 11.5 g (20%) (Table 1). 

Compounds I and II were  s imi la r ly  obtained f rom the corresponding diethoxyphosphoacetic e s t e r  [8] and 
dipropoxy phosphoacetate [9]. 

1-Phenyl -4-d ie thoxyphospho-5-pyrazolone  (IV). A 2.15-g sample of f resh ly  disti l led phenylhydrazine 
was added at room t empera tu re  to 5 g (0.02 mole) of formyl  der ivat ive I, and the mixture  was s t i r r ed  with 
a s t r eam of argon. The low-molecular -weight  substances (H20 and C2H5OH ) formed in the react ion were  
removed immediate ly  in vacuo (water asp i ra tor )  at 30 mm and 80 ~ The cyclizat ion product  was maintained 
at this t empera tu re  for  3 h, a f te r  which it was dissolved in ethyl aceta te ,  and the solution was passed through a 
column filled with A1203. The eluate was poured into a fivefold excess  of pe t ro leum ether .  The oil crys ta l l ized 
a f te r  a few hours,  and the powery product  was removed by fi l trat ion,  washed with warm hexane, dried,  and 
rec rys ta l l i zed  f rom benzene-pe t ro leum ether .  The yield of IV was 3 g (52%). 

Compounds V and VI were  obtained by a s imi la r  method. 

4-Diethoxyphospho-5-pyrazolone (VII). A 0.8-g sample of hydrazine hydrate  was added to 4 g (0.016 
mole) of der ivat ive  I in 10 ml of alcohol, and the mixture  was heated on a boi l ing-water  bath for 5 h. The low- 
molecular -weight  product  were  removed by vacuum disti l lation, and the residual  oil was washed with chloro-- 
f o r m u n t i l  it began to crys ta l l ize .  The solid was removed by fi l trat ion,  washed with ch loroform and e ther ,  and 
crys ta l l ized  f rom alcohol. The yield of VII was 1.5 g (44%). 

Compounds VIII and XI were  obtained by a s imi l a r  method. 

1-Phenyl -3-methyl -4-d imethoxyphosphobenzyl -5-pyrazolone  (IX). A 15.5-g (0.046 mole} sample of meso-  
dimethylphosphobenzylacetoacet ic  e s t e r  [10] was heated in a b e n z e n e - a c e t i c  acid medium with 4.9 g of phenyl- 
hydrazine at 90 ~ for  8 h. The low-molecular -weight  products  were  removed by vacuum evaporat ion (water 
aspi ra tor) ,  and the res idue  was t r i tu ra ted  in hexane. The co lor less  c rys ta l s  were  removed by f i l t ra t ion and 
crys ta l l ized  f rom benzene -me thano l .  The yield was 12 g (78%). 

Pyrazolone  X was s imi la r ly  obtained f rom the appropria te  keto e s t e r  [10]. 
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