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The ability of the amide earbonyl  group of the pyrazolone  r ing to parHcipa te  in the he t e rocyc l i z a -  
t ion of oxopropy l -5 ,py razo lones  under  the influence of polyphosphor ic  acid (PPA) or phosphorus 
polysulf ide tn dioxane with the fo rma t ion  of 4H-pyrano[  3 ,2-d]pyrazole  de r iva t ives  is demons t ra t ed .  
Ionie hydrogenat ion of the py ranopy razo l e s  leads  to 5,6-dihydropyrano[3,2-d]pyrazotes, while the 
act ion of phosphorus  polysulf ide in xylene leads  to pyrazolo[5 ,4~b] thiapyryl ium sa l t s .  

The bulk of the l i t e r a t u r e  data  on py ranopyrazo l e s  per ta ins  to the p r epa ra t i on  and study of the p h a r m a -  
cological  p r o p e r t i e s  of subst i tuted 6H-pyrano[3 ,2 -d ]pyrazo l -6 -ones ,  which a r e  6-1actones [1, 2], and 4H-pyrano-  
[ 3 ,2 -d ]py razo l -4 -ones  [ 3]. The fo rmat ion  of 4 t I -pyrano[  3 ,2-d]pyrazo les  was obse rved  in two eases :  In the 
DiMs - A i d e r  r eac t ion  of 4 - a r y i i d e n e - 4 - p y r a z o l o n e s  [4] and in the alkaline cycl izat ion of Michael adduets with 
4 - a r y l i d e n e - 5 - p y r a z o l o n e s  [ 5~ 6]. 

We have es tabl ished a new reac t ion  that  leads  to 4H-pyrano[  3 ,2-d]pyrazole  de r iva t ives :  We found that 
4 - ( 3 - o x o p r o p y l ) p y r a z o l - 4 - o n e s  (I-IV) a r e  capable  of undergoing eycl izat ion to py ranopyrazo le s  V-VIII (Table 1) 
under eonditions of he terogeneous  ca ta lys i s  by means  of polyphosphor ie  acid (PPA)" 
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I, V R=CH,~, R'=C~H~; II, VI R~CHa, R'=C~H4NO2-m; III, VII R=R'=C~Hs; IV, VIII 
R=C~H~, R'=C6H4NO2-m 

The c y d i z a t i o n  was accompl ished  in the absence  of a solvent with excess  PPA at 60-80~ It is impor tant  
to  note that  the use of alcohol or acet ic  acid as the solvent  Mows down the reac t ion  signif icant ly.  

T~e IR s p e c t r a  of V-VIII contain absorpt ion  bands of double bonds of the 4H-pyran  r ing at 1660 em - t .  
The absence  of a second h igh-f requency absorp t ion  band at 1700-1730 em - I ,  which is c h a r a c t e r i s t i c  for  un- 
subst i tuted T - p y r a n  [7] and sym-oe tahydroxan thenes  [8], can probably  be explained by involvement  of one double 
bond of py ran  in the  conjugation of the a r o m a t i c  pyrazo le  r ing.  Doublets of 5-H vinyl protons  at 5.06-5.57 ppm 
with sp in - - sp in  coupling constant (88CC) 3.5-4.4 Hz and doublets of the adjacent  4-H pro tons  at 4.42-5.12 ppm 
with SSCC 8.5-4.4 Hz a r e  p resen t  in the PMR s p e c t r a  of V-VIII.  8inglets of protons of a methyl, group in the 
spec t r a  of py ranopyrazo le s  V and VI at 1.86 and 1,46 ppra, r e spec t ive ly ,  and mult ip le ts  of a r o m a t i c  protons  at 
6.84-8.0 ppm complete  the overa l l  pa t t e rn  of the PMR spec t r a  of py ranopyrazo le s  V-VIII (Table 2). 

The chief pecul ia r i ty  of the chemica l  behavior, of the py ranopyrazo le s  is the i r  s tabi l i ty  and iner tness  in 
s a l t - f o r m a t i o n  reac t ions  with p e r c h l o r i e  acid in ace t ic  anhydride and in the Leuekar t  and Chichibabin r eae t ions .  
The act ion of hydrogen sulfide in the p r e s e n c e  of p ro t i e  and apro t i c  aeids ,  which leads to the cor responding  th io -  
pyrans  in the ease  of pyrans  that  a r e  not condensed with a pyrazo le  r ing [9], has vi r tual ly  no effect on 4 H - p y r a n o -  
[3 ,2-d]pyrazole  s V-VIII .  

However,  ionic hydrogenation,  which does not r equ i re  the par t ic ipa t ion  of the double bond of the pyran  
r ing that  is involved in the conjugation of the pyrazo le  r ing ,  was sueeessf t t l  and led, in the ease of pyranopyra~  
zoles V and VII, to the fo rmat ion  of the cor responding  5 ,6-dihydropyrano[  3 ,2-d]pyrazo les  (IX, X), which were  
p rev ious ly  obtained by another  method [10]. 
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TABLE 1. 

VICH~ 
VI ICH~ 

VII ]C~Hs 
V111 [C~Hs 
XVICH3 
XVl ]C~Hs 

Yields and Constants  of 4H-Pyrano[3 ,2 -d ]py razo le s  

P,' nl rap,* ~ I~ -.~ ~ . . . . .  Empirical % 1~ 

.... t t: . . . . . . .  l,,a t  
m-NO2C4H4 t0,571 168--1691 t665 I73,214,619,8{ C~H~N3Oa 17&a14,7IlO, a[65 
C6H5 10,84 167--1681 1660 184,515,116,81 C~oH~N~O 184,515,21 6,6170 
m-NO2C~H,~ 10,73 [ 172-- 173 [ 1660 [75,9 [4,4 [8,9 ] C~oH~N~O3 /76,4/4,5 [ 8,9 [ 67 

178,815,716,8 / C~H~2NeO~ [79,2 [5,6 [ 7,1 [ 40 p-OCHf~H,P-OCH~C6H* 10,77 ]10'721129--1301176_1771.16651665 181,~p,5/6,o / C=,H=,N=O= 18,,6/~,~ 18,9156 

*The compounds were  r e e r y s t a l l i z e d :  V-VII  and XV f r o m  ethanol,  
VIII f rom acetone,  and XVI f r o m  e thano l -d ioxane  (1 : 1). 
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I ~ ,.|l. 
C6H 5 , , 

V, VII IX, X 

V, IX R=CH3; VII, X R=C6H 5 

The act ion of phosphorus polysulfide in xylene on the py ranopyrazo l e s  was studied.  We found that a sal t  
with a complex anion, which is a mix tu re  of pyrazolo[  5 ,4-b] th iapyryl ium dihydrophosphate ,  dihydrothiophosphate,  
and dihydrodithiophosphate (XI), is fo rmed  in the case of py ran  V. Salt XI was identified through cor responding  
pe rch lo ra t e  XII. 

}I . ~ N" N/'*'~ S "q"'x'C6 H ~ N-.N/%O/"-C,j% xylene ~ - - * ~ / ~ c s  u ~ 
I I } cto7 
Coil; C6H5 X- C6|1 ~ 

V Xl Xll 

The PMR spec t rum of XII contains,  in addition to a s ingle |  of a methyl  group and a mul t ip le |  of a ro ma t i c  
protons ,  a s ingle |  of a 3-H proton at weak field at 8.49 ppm.  An intense absorp t ion  band of a th iapyry l ium cation 
[~]] is observed  in the IR s pec t rum  of XII at 1575 cm - t .  The spec t r a l  c h a r a c t e r i s t i c s  of XH, as  well as the i r  
abil i ty to undergo anion-exchange t r a n s f o r m a t i o n s ,  const i tute evidence for  its sal t l ike na ture .  

In a study of the act ion of phosphorus  polysulf ide in var ious  solvents  onoxopropy lpyrazo lones  we noted that 
the fo rmat ion  of sulfur-containing products  t akes  place through a step involving the fo rmat ion  of the c o r r e s p o n d -  
ing pyrans .  The corresponding 4H-pyrano[3 ,2 -d]pyrazo les  can be isolated in 40-60% yields  when dioxane is used 
as the solvent .  This method for  the fo rmat ion  of py ranopyrazo le s  ~s pa r t i cu l a r ly  valuable for  the p repa ra t ion  of 
pyrans  XV and XVI, the synthes is  of which by cycl iza t ion with PPA is difficult because  of sa l t  fo rmat ion .  

/ ~  C6H4OCHJp g ~ Cc'II4OC II3-p 

N~/}o o "CG. 5 dioxane 
I l 

C~ tl 5 C~ tt 5 

Kill, XIV XV, XVI 

Xlll, XV R=Cl'la; XIV~ XV! R=Eol % 

It is apparent  that the posi t ive  inductive effect  of the methoxy group i n c r e a s e s  the hydride  labi l i ty  of the 
hydrogen a tom in the 4 posi t ion of py ranopyrazo l e s  XV and XVI, which leads  to  sa l t  fo rma t ion .*  

E X P E R I M E N T A L  

The IR spec t r a  of suspensions  of the compounds in m ine ra l  oil and hexachlorobutadiene were  recorded  
with a U~-20 s p e c t r o m e t e r .  The PMR spec t r a  of the compounds were  r eco rded  with a Tes l a  BS-487 s p e c t r o m -  
e t e r  (80 MHz) with hexamethyldis i toxane as the internal  s tandard .  The pur i ty  of the products  and the course  
of the reac t ion  were  moni tored by t h i n - l a y e r  ch roma tog raphy  (TLC) on Silufol p la tes  in an ethyl a c e t a t e -  
hexane s y s t e m  (12:27) with development  in iodine vapors .  The p r epa ra t i on  of 3 - R ~ l - p h e n y l - 4 - ( 1 - R r - 3 - p h e n y l  - 
3 -oxopropy l ) -2 -py razo l in -5 -ones  I-IV, XHI, and XIV was desc r ibed  in [12]. 

*The sal t  fo rma t ion  of pyrans  XV and XVI will be r epo r t ed  s epa ra t e ly .  
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TABLE 2. 
[ 3 ,2 -d]pyrazo les  (6, ppm) 

PMR Spect ra  of 4I-I -Pyrano-  

C~ I 1  ~ /Sol pOtlIld I 5-H 4-H CHa venl: ~rotons I 14,~ Hz 

VI]55:50~ 4,42 1,46 16,84--7,6~t 3,5 CDCla 
VII 4,97 - -  ]7,16--7,9g I 4,4 CDCIa 

VIII 1 5,57 5,16 i7,00--8,0Cl 4,4 CDCla 

3 -R-1 ,6 -D ipheny l -4 -R ' -4H-py rano i 2~ g -d ]py razo l e s  (V-VIII) (Table 1). A mix tu re  of 5 mmole  of oxo- 
propylpyrazolor~e t - IV and 20 g of PPA was  heated on a wa t e r  bath at 60-80~ for  1-2 h, a f te r  which the ex -  
cess  PPA was decomposed  with wate r ,  and e ther  was added. The resu l t ing  l a y e r s  were  separa ted .  The aque-  
ous l a y e r  was ex t r ac t ed  with e ther ,  and the combined e the r  ex t r ac t s  were  washed with wa te r  until the wash 
wa te r s  were  neut ra l  and dr ied with MgSO 4. The e the r  was r emoved  by dist i l lat ion at reduced p r e s s u r e ,  and the 
r e s  idue c rys ta l l i zed .  

3 -R ,1 ,4 -5 -Tr ipheny l -5 ,6 -d ihyd ropy rano [3 ,2 -d ]py razo l e s  (IX, X). A 2 .4 -mmole  sample  of t r i e thy ls i lane  
and 3 ml of a 3% solution of boron t r i f luor ide  e thera te  in absolute CF3COOH were  added to 2 mmole  of s ta r t ing  
py ranopyrazo le  V or VII, and the reac t ion  mix tu re  was heated t o  80~ and allowed to r ema in  at this t e m p e r a t u r e  
for  1-2 h until the s ta r t ing  py ranopyrazo le  vanished (monitoring by TLC).  The volati le reac t ion  products  were  
evapora ted ,  and the r e s idue  was t r i t u r a t ed  in ethanol and c rys ta l l i zed  f r o m  ethanol to give 0.33 g (45%) of IX, 
with mp ]78-J79~ and 0.50 g (58%) of X with mp 174.5~175~ [10]. 

5-Methyl-2 ,4 ,  7- t r iphenylpy razolo [5, 4-b] th iapyryl ium Pe rch lo ra t e  (KID. Carbon dioxide was bubbled into 
a solution of 3.64 g (10 mmole )  of py ranopyrazo le  V in 45 ml  of absolute  xylene at 120~ and 2.4 g (11 mmole)  
of phosphorus  polysulf ide was added with v igorous  s t i r r ing  in the course  of an hour .  Heating at 140~ was con- 
t~nued for  2.5-3 h, a f t e r  which the hot xylene solution was sepa ra t ed  f r o m  the prec ip i ta te  in the f lask  by de-  
cantation,  and the p rec ip i ta te  was t r i t u r a t e d  in e the r  and washed with e ther  to give 3.34 g if0%) of salt  XI. A 
1 .5-ml  (25.4 mmole )  sample  of 70%perch lo r i c  acid was added to a suspension of I g {2.05 mmole)  of salt  X[ 
in 10 ml  of g lac ia l  CH3COOH. The solution became  homogeneous and w a r m e d  up spontaneously.  The prec ip i ta ted  
c r y s t a l s  of pe r ch lo ra t e  XII were  c rys t a l l i zed  f rom glacia l  CH3COOH to give 0.45 g {47%) of a product  with mp 
216-216.5~ IR s p e c t r u m :  1575 gh iapyry l ium cation C =C) ;  1080-1110, 650 cm -1 (CIOt-). PMR spec t ru m 
(CD3CN), 6 : 8 . 4 9  (1H, s ,  3-H), 2.31 (3H, s ,  CH~), and 7.81 ppm (m). Found: C 62.6; H 4.0; C1 7.4; N 5.8, S 6.7%. 
C25H19C1N2OtS. Calculated:  C 62.7; H 4.0; C1 7.4; N 5.8; S 6.7%0 

3-R-1 ,6 -Dipheny l -4 -{p-methoxypheny l )~4H-pyrano[3 ,2 -d ]pyrazo les  (XV, XVI) (Table 1). A 2~g (9 mmole)  
s amp le  of  phosphorus  polysulf ide was added with s t i r r i ng  and bubbling in CO 2 a t  100~ to a solution of 10 
m m o l e  of oxopropylpyrazolone  XI or  XIV in 100 ml  of absolute  dioxane. Heating was continued for  1 h until 
~he s ta r t ing  oxopropylpyrazolone  vanished (monitoring by TLC).  The mix ture  was then diluted with wa te r  and 
e ther ,  and the l a y e r s  were  sepa ra t ed .  The aqueous l aye r  was ex t rac ted  with e ther ,  and the combined e ther  
ex t r ac t s  were  washed with wa te r  until the wash w a t e r s  we re  neutra l  and dried with MgSO 4. The solvent was 
r e m o v e d  by dis t i l la t ion at reduced p r e s s u r e ,  and the res idue  was  c rys ta l l i zed .  
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