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S Y N T H E S I S  A N D  A N T I M I C R O B i A L  ACTIVITY O F  S U B S T I T U T E D  

4 H - P Y R A N O -  A N D  D I H Y D 1 R O F Y R A N O [ 3 , 2 - d ] P Y R A Z O L E S  
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Many pyrazole  der iva t ives  possess  a wide spec t rum of pharmacologica l  action [1], including ant i inf lam-  
ma to ry ,  ant ipyre t ic ,  ana lges ic ,  and ant i rheumat ic  activity.  The vasodilat ing and hypotensive act ion of h e t e ro -  
cyclic  compounds containing condensed pyrazole  and 6H-pyran r ings  has been repor ted  [2]. Hence,  the p r e p -  
ara t ion  and biological  p rope r t i e s  o f new substituted 4H-pyrano-  and 5,6-dihydropyrano [3,2-d]pyrazones a r e  
of in teres t .  

We have found that the 4- (3-oxopropyl )pyrazolones-5  (I-IV): on react ion  with polyphosphoric acid (PPA) 
readi ly  cycl ize to give the 4H-pyrano[3 ,2-d]pyrazoles  V-VIIh  

R: 

J ~ L c ~  
c6~{~ c ~  5. 

2-27 y - . ~  

I,V:R =CHs, R '=  C6H~; II, VI:R= CHs, R' =m-NO~CsH4; 
III, VIt:R ----- R' = CsHt; IV, VIII:R= C~Hs; R' =m-NO2CsH~, 

The s t ruc tu re s  of the pyrano[3 ,2-d]pyrazoles  V-VIII  were  conf i rmed by e lementa l  ana lys i s ,  IH, and NMR 
spec t roscopy  (Table 1). The IR spec t r a  of compounds V-VIII  show s t rong absorpt ion a t  1660 cm -i due ~ the 
double bonds of the 4H-pyran r ing [3] but the band a t  1690 em -1 which is cha rac t e r i s t i c  of the C - - 0  group in 
compounds I-IV is absent .  The NMR spec t ra  of V-VIII  contain doublets f rom the vinyl proton and the proton 
at position 4, conf i rming that the he te rocye le  has  a 4H-pyran s t ruc ture .  The NMR spec t rum of V (in carbon 
te t raehlor ide)  has doublets due to the vinyl proton at  6 5.36 ppm and the C4 proton at  6 4.56 ppm with g = 3.8 
Hz, and also a singlet  f rom the three  protons (61.80 ppm) and a mult iplet  f rom the a roma t i c  protons at 
6 6.9-7.78 ppm. 

TABLE 1. Yields and Phys ica l  Constants for 4H-Pyrano [3,2-d]- 
pyrazo les V-VIII  

Compounc 

V 
VI 

VII 
VIII 

Yield 

82 
65 
70 
67 

6 * rap, C 

124---5 
168---9 
167--8 
172--3 

Found, % 

C H 

82,48 5,97 
73,15 4,65 
84,53 5,12 
75,92 4,44 

' N  

7,71 
9,83 
6,75 
8,89 

Calculated 
Empiri6al formula I C H 

C,6H20N,O 182,3915,53 
C2~H19NaO ~ ] 73,34 I 4,68 
Cs0H~2N20 ~ 84,48 [ 5,20 
C~H~IN~O3 [ 76,42 [ 4.49 

7,69 
I0,26 
6,57 
8,91 

* Compounds V-VIII  were  r ec ry s t a l l i z ed  f rom ethanol,  VIII f rom acetone.  
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TABLE 2. The Ant imicrobial  Act iv -  
ity of the 4H-pyrano [3,2-dipyrazoles  
V-VIII and the dihy-dropyrano[3,2-d]- 
pyrazoles  X-XIII  

Minimum bacteriostatic concn., pg/ml 

8. 
Staph .  Candlda 

0 aureus ablicans 
0 209 p 45 

V 
VI 

VII 
VIII 

X 
Xl 

XII 
XIII 

100 
> 100 
> I00 
> 100 

I00 
100 
100 
100 

E. Pr. vulga- Pr. aeru- 67~r176 I rls 38 g l ~ a  

>100 100 I00 
50 100 100 

>I00 >I00 >100 
>I00 >100 >I00 

50 100 50 
,100 100 l~  
100 100 
100 100 100 

TABLE 3. The Antiphage Activity of 
the 4H-pyrano [3,2-d] pyrazo les V-VIII 
and the Dihydropyrano[3,2id]pyrazoles  
X -XIII 

Compound 

100 V 
I00 vI 

>100 VII 
>100 VIII 

100 X 
I00 XI 
100 XII 
100 XIII 

o/~ fnaetiqation 
phage T 6 [ 

dose, gg/gl 
I000 

24 
15 
29 
76 
19 
32 
50 
46 

phage MS-2 

100 I000 100 

l~ 22 20 
85 12 

13 98 49 
69 85 33 
42 20 13 
25 27 II 
30 26 7 
42 50 39,2 

To obtain new biologically active he terocycles  containing a condensed pyrazole ring, we investigated the 
ionic hydrogenation of some propanonylpyrazolones.  Compounds I - I I I  and IX in t r i f luoroacet ic  acid and t r i -  
ethylsilane in the presence  of a catalyt ic  amount of boron tr if luoride etherate were cycl ized to the 5,6-di-  
hydropyrano[3,2-d]pyrazole  derivat ives  X-XIII [4]: 

C6I'I 5 I}61] ~ 
7--~', /Z X-2~" 

I, x:R = CH3, R' = Ph; II, XI :R = CHs, R' = rn-NO2CeH4; 
III, XII :R=R'=Ph;  IX, XIII:R=CH s,R'=p-OCH~CsH6. 

The nature of the d ihydropyranopyrazoles  X-XIII  was confirmed by NMR and IR spect roscopy.  The IR 
spect ra  of compounds X-XIII  contained bands at 1150-1000 cm -1 charac te r i s t i c  of the C - O - C  bond but no 
carbonyl  absorpt ion bands. The NMR spect ra  of compounds of X-XIII  show no vinyl proton signals,  but the 
interaction of the protons at  the 4 and 6 positions with the methylene group of the dihydropyran ring gives r i se  
to two double doublets [4]. 

The resul ts  of a study of the ant imicrobia l  and antiphage activity of the compounds prepared are  p re -  
sented in Tables 2 and 3. 

From Table 2 it can be seen that the substituted 4H-pyrano-  and dihydropyrano[3,2-d]pyrazoles  exhibit 
moderate  ant imicrobia l  activity.  

More interest ing were  the resul ts  of the study of antiphage activity (see Table 3). The 4H-pyrano[3,2-  
d]pyrazones ,  especial ly VII and VIII, were active against  RNA-containing phage. Of the dihydropyrano[3,2-d]-  
pyrazo les ,  VIII showed the g rea tes t  effect. 

The ability of the 4H-pyrano-  and dihydropyrano [3,2-d]pyraz0les to suppres s the propagation of phages 
makes them an ext remely  promis ing subject for  future study of potential ant iviral  agents.  

EXPERIMENTAL (CHEMICAL) 

IR spec t ra  of the compounds in minera l  oil  o r  hexachlorobutadiene were taken on a UR-20 spect ropho-  
tomete r  (GDR), NMR spectra  on a Tes la  BS-487 (ChSSR) (80 MHz), internal  s tandard hexamethyleneclisilox- 
ane. The puri ty of the products and the course  of the react ion were checked by TLC on Silufol UV-254 plates,  
solvent sys tem ethyl a c e t a t e - h e x a n e  12 : 27, developed in iodine vapor.  

1 - P h e n y l - 3 - R - 4 - ( 1 - R ' - 3 - p h e n y l - 3 - o x o p r o p y l ) - 2 - p y r a z o l i n e - 5 - o n e s  (I-IV, and (IX.). These were prepared  
by the Michael condensation di 1 -phenyl -3-methy lpyrazo lone-5  &nd the corresponding ehalcones in the presence  of 
an alkaline ca ta lys t  [4]. 
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1 ,6 -Dipheny l -3 -R-4-R ' -4H-pyrano[3 ,2 -d ]pyrazo les  {V-VIII). A mixture  of 5 mmoles  of the oxopropyl-  
pyrazolone (!-IV) and 12 g of  PPA was heated in the water  bath at 80 ~ for  1-2 h until no oxopropylpyrazolone 
was p resen t  (checked by TLC). The excess  PPA was decomposed with water ,  the mixture  ext rac ted  with 
e ther ,  and the e ther  ex t rac t s  washed with wate r  and dried.  The e ther  was evaporated at reduced p r e s s u r e ,  
and the res idue r ec rys t a l l i zed .  Data on the pyranopyrazo les  V-VIII a re  given in Table 1. 

1 ,6-Diphenyl-3-R-4-R ' -5 ,6-d ihydropyrano [3,2-d]pyrazoles (X-XIII) were  obtained by the ionic hydro-  
genation of  oxopropylpyrazolones  I-III, IX [4]. 

E X P E R I M E N T A L  B I O L O G I C A L  P A R T  

The ant imicrobia l  act ivi ty of the compounds was de termined by the method of double se r i a l  dilution in 
m e a t - p e p t o n e  broth (pH 7.2-7.4); act ivi ty against  Staph. aureus  209 P. ,  E. coli 675, P__r. vulgaris  38, P r .  
aeruginosa  165, and Candida albicans 45 was determined.  Antiphage activity of the compounds was studied on 
DNA-containing (T6) and RNA-containing (MS-2) phages. E. coli. type ]3 and type Hfr  C were  used as indicator  
cul tures .  Quantity of surviving phage par t ic les  was de termined by the Grat ia  agar  layer  method. Antiphage 
act ivi ty was expressed  as  percent  inactivation according to the formula 

C o 
l - ~ .  ~oo, 

where C O is the quantity of surviving phage par t ic les  in the test ;  c c is the quantity of phage par t ic les  in control .  

The tes t  substance was dissolved in DMFA and subsequently diluted with s te r i l ized  disti l led water .  
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