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Conditions were worked out for  the synthesis  of a number  of 1-arylpyrazol id ines  with alkyl 
groups in the 4 and 5 positions of the f ive -membered  r ing by reduction of the corresponding 
3-  or  5-pyrazol idones  with lithium aluminum hydride. 

We have previously descr ibed a new route for the synthesis of 1-(3-aminopropyl)indoles [3] s tar t ing 
f rom 1-arylpyrazol id ines ,  which, in turn, were obtained by the reduction of the corresponding oxo com-  
pounds. The l i te ra ture  contains data [4] regard ing  the preparat ion of 1-phenylpyrazolidines by the reduc-  
tion of the cor responding  5-pyrazol idones,  but Bouchet et al. obtained a mixture of pyrazolidine and the 
cor responding  A~-pyrazoline in a ra t io  of 2:1. 

In recent  yea r s ,  the i somer ic  1 -a ry l -3 -pyrazo l idones  have become accessible  ; these are  formed by 
the react ion of the cor responding  ary lhydraz ines  with a , f i -unsatura ted acids or their  derivatives (see, for  
example, [5]). The l i te ra ture  does not contain any data regard ing  the reduction of 1 -a ry l -3 -pyrazo l idones .  

We have shown that the reduction of 1 -a ry l -3 -pyrazo l idones  and the i somer ic  1 -a ry l -5 -pyrazo l idones  
with lithium aluminum hydride in e ther  or te t rahydrofuran  at a reagent  mola r  rat io of 1:1.5-2 leads to 40 to 
70% yields of 1-ary lpyrazol id ines .  The yield of 1,5-diphenylpyrazolidine falls to 25~0 only in the case of 
1, 5-diphenyl-3-pyrazol idone,  probably due to its poor solubility in e ther .  

The nature of the substituent in the phenyl r ing (alkyl or  halogen) does not affect the yields of 1 - a r y l -  
pyrazol idines .  The 1-ary lpyrazol id ines  fo rmed are  v e r y  readi ly oxidized to the corresponding 1-a ry l -A 2- 
pyrazol ines ,  t r aces  of which are  detected in the react ion products by means of th in- layer  chromatography.  

The percentage of 1-ary lpyrazol ines  in the react ion products  var ies  markedly  as a function of the sub- 
sequent t rea tment  of the react ion mass  af ter  reduction. Thus the percentage of 1-ary l -2-ace ty lpyrazol id ine  
reached 78-80% compared  with 18-20% of the corresponding pyrazoline,  according to gas-liquid chromatog-  
raphy, if the react ion mass  was acetylated with acetic anhydride and distil led af ter  decomposition of excess  
lithium aluminum hydride, extract ion with ether  or  benzene, prolonged drying of the extract  (12-24 h), and 
removal  of solvent by distillation. If, however, the ether  ext rac t  was t reated with excess  acetic anhydride 
immediately  af ter  separation,  the percentage of 1 -a ry lpyrazo l ines  in the mixture obtained does not exceed 
3-8%, and, in a number  of experiments ,  these compounds were not detected at all.  Storage of the 1,5-di-  
phenylpyrazolidine base for  two weeks at 0 ~ led to complete oxidation and quantitative formation of the c o r -  
responding A2-pyrazoline,  which was identified by a mixed-mel t ing-point  determination with an authentic 
sample of 1,5-diphenyl-A2-pyrazoline and f rom the IR spec t ra .  Attempts to distill 1-(p-tolyl)pyrazolidine 
in an a i r  s t r eam at 12 mm led to complete convers ion to 1-(p- tolyl)-AZ-pyrazol ine;  it can be distilled with- 
out appreciable change only under argon at 3-5 mmo This sor t  of dependence of the percentage of 1 - a ry l -  
pyrazol ines  in the react ion mass  on the time and method of t reatment  and s torage makes it possible to a s -  
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T A B L E  1. 1 - A r y l p y r a z o l i d i n e s  

Pyrazolidine 

1-Phenyl-2-aeetyl* 

1-phenyl-4-methyl* 

1,5-Diphenyl 
1-(o-Tolyl)-2-acetyl 

1-(m-Tolyl) o2-acetyl 

1-(p-Tolyl)-2-acetyl 

1-(o-Chlorophenyl), 
hydrochloride 

! -(m -Chloropheny 1)-2- 
acetyl 

l-(p-Chlorophenyl), hy- 
drochloride 

1-(p-Chlorophenyl) -4- 
methyl, hydrochloride 

1 -(o -B romophenyl) -4- 
methyl, ,hydroc-hloride 

1-(o-Bromophenyl) -4- 
methyl~ hydroclaloride 

Bp (ram) 

or mp 

Empirical 

formula 

CuHtcN2O 

CIoHI4N2 

CIsH16N~ 
CI~HI6N~O 

C12HIGN20 

CI2HI6N20 

CgHllCIN2" HCI 

C~H~3C1N20 

CgHnC1N~.HC1 

ICloH~3C1N2.HCI 

CgHnBrNe.HC1 

- - [  - -  _ _  

7 4 , 0 1 1  8,29 74,04 

80,431 7,16 80,40 
70,94 7,36 70,58 

70,64 8,02 70,58 

70,63 7,73 70,58 

49,24 5,57 49,31 

i58,82 5,94 5'8,96 

49,37 5,22 49,31 

51,51 6,06 51,50 

40,91 4,66 '40,98 

42,67 5,17 42,97 

152--156 (6)1- 

134--136 (8) 

2~12--214 (15) 
166,--i68 (7) 

178--181 (9) 

163--165 (6) 

208--210 

73--77 

i217--219 

205--2O6 

190--I 92 

187--189 CIoH1,BrN2 �9 HCI 

I Found, Calcu- Iso- 

~ ,  - -- meth- c ~ O  1areal, % lation 
C ] tl od 

-- B, c 

8,65 A 

7,15 A C 
7,84 

7,84 C 

7,84 B, C 

5,49 D 

::,co 
6,02 D 

i 

4,55 D 

5,05 D 

Yield~ % 

54,0 (5,2)* 

70,0 (65) * 

25,0 
48,0 

53,0 

51,0 

39,4 

43,0 

49,5 

62,0 

36,0 

39,0 

* C o m m e r c i a l  "Phen idone"  and "Methylphenidone"  p r e p a r a t i o n s  were  
used  as  the s t a r t i n g  compounds .  
$bp 231-232 ~ (110 ram) [7]. 
SThe n u m b e r s  in p a r e n t h e s e s  a r e  the y ie lds  f o r  the r educ t i on  of the 
c o r r e s p o n d i n g  5 - p y r a z o l i d o n e s .  

s u m e  that  the f o r m a t i o n  of A z - p y r a z o l i n e s  is a s e c o n d a r y  p r o c e s s  a s s o c i a t e d  with oxidat ion of the in i t ia l ly  
f o r m e d  1 - a r y l p y r a z o l i d i n e s .  

The r educ t i on  of 5 - p y r a z o l i d o n e s  p r o c e e d s  without  any subs tant ia l  d i f fe rences~  F o r  example ,  by  r e -  
ducing  ] - p h e n y l - 4 - m e t h y l - 3 - p y r a z o l i d o n e  and 1 - p h e n y l - 4 - m e t h y l - 5 - p y r a z o l i d o n e  under  the s a m e  condi t ions  
and by t r e a t i n g  the e the r  e x t r a c t  with e x c e s s  ace t ic  anhydr ide  i m m e d i a t e l y  a f t e r  decompos i t i on  of the r e a c -  
t ion m a s s  we obtained the s a m e  yie ld  (~ 70%) of 1 - p h e n y l - 2 - a c e t y l - 4 - m e t h y i p y r a z o l i d i n e .  A c c o r d i n g  to g a s -  
l iquid c h r o m a t o g r a p h y ,  the pe rcen tage  of the c o r r e s p o n d i n g  py razo l i ne  in both s amp le s  was  4-6%. The low 
y ie lds  in s eve ra l  e x p e r i m e n t s  a r e  expla ined  by  the fac t  tha t  s t a r t i n g  oxo compounds  which a r e  s l igh t ly  s o l -  
uble in e the r  a r e  t h e r e f o r e  pa r t i a l ly  r e c o v e r e d  unchanged  f r o m  the r e a c t i o n  m i x t u r e s .  

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

The s t a r t i n g  1 - a r y l p y r a z o l i d o n e s  w e r e  obtained by  the we l l -known methods  in [4] s t a r t i n g  f r o m  the 
c o r r e s p o n d i n g  a r y l h y d r a z i n e s  and e s t e r s  of a , f l - u n s a t u r a t e d  ac id s .  Sodium butoxide was  used as  the con-  
dens ing  agent .  

1 - ( o - B r o m o p h e n y l ) - 3 - p y r a z o l i d o n e .  o - B r o m o p h e n y l h y d r a z i n e  [18.7 g (0.1 mole)]  was added to a so lu -  
t ion of 3 g (0.13 mole)  of sod ium meta l  in 80 ml  of absolute  n-butanol ,  and 12.9 g (0.15 mole)  of me thy l  
a c r y l a t e  was  added dropwise  with v i g o r o u s  s t i r r i n g .  The r e a c t i o n  mix tu r e  was  re f luxed  on an oil bath fo r  
5 h, coo led  r ap id ly  to r o o m  t e m p e r a t u r e ,  and the r e a c t i o n  mix tu r e  was d i s so lved  in 100 ml of w a t e r  with 
s t i r r i n g .  It was n e u t r a l i z e d  with 50% ace t i c  ac id  to pH 6. The organic  l a y e r  was  s e p a r a t e d  and washed  with 
w a t e r .  The r e s u l t i n g  p rec ip i t a t e  was  f i l t e r ed  and washed  with a smal l  amount  of e t h e r .  R e e r y s t a l l i z a t i o n  
f r o m  aqueous  a lcohol  gave 15.6 g (68%, b a s e d  on the hydraz ine)  of 1 - ( o - b r o m o p h e n y l ) - 3 - p y r a z o l i d o n e  with 
mp 197-199 ~ F o u n d % :  C 44.68;  H 3 . 8 7 .  CgHgBrN20. C a l c . % :  C 44,65;  H 3 . 7 2 .  

4 - M e t h y l - l - ( o - b r o m o p h e n y l ) - 3 - p y r a z o l i d o n e .  This  was  s i m i l a r l y  obtained in 53% yie ld  f r o m  o - b r o m o -  
pheny lhydraz ine  and me thy l  m e t h a c r y l a t e  and had mp 167-169 ~ ( f rom aqueous  a lcohol ) .  Found %: C 4%08 ; 
H 4,61. C10HllBrN20. Caic .  %: C 47.09;  H 4.33.  
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T ABLE 2. Percentage  of 1-Arylpyrazol id ines  and 1-Arylpyrazol ines  in the Products  of the Reduction of 
1-Arylpyrazol idones  According to Gas-Liquid Chromatography 

Start ing pyrazol idones  Pyrazol idines  obtained Workup method Pyrazolidine,  % Pyrazoline,  go 

1-Phenyl -3-pyrazo l idone  1-Phenyl -2-ace ty lpyrazol id ine  

1 - Pheny1-5-pyraz  olidone 
1 - P h e n y l - 4 - m e t h y l - 3 -  

pyrazolidone 
1 - P h e n y l - 4 - m e t h y l - 5 -  

pyrazolidone 
1 - (o -To ly l ) -3 -py razo l i -  

done 
1 - (m-To ly l ) -3 -py razo l i -  

done 
1 - (p -To ly l ) -3 -py razo l i -  

done 
1-(p-Chlorophenyl) -2-  

ace ty l -3-pyrazol idone  

1 - Pheny1-4 -methyl -2 -acetyl  - 
pyrazolidine 

1- (o-Toly l ) -2-ace ty lpyrazol id ine  

1- (m-Tolyl ) -2-ace ty lpyrazol id ine  

1-(p-Tolyl ) -2-aeety lpyrazol id ine  

1- (p-Chlorophenyl ) -2-ace ty l -  
pyrazolidine 

B 

C 

C 

C 

C 

C 

C 

B 

C 

B 

85 
92.3 
98 

96 
100 

100 

]00 

79 
93.5 
77 

15 
7.7 
2 

4 
0 

0 

0 

21 
6.5 

23 

Reduction of 1 -Ary l -3 -pyrazo l idones .  A suspension of 0.15 mole of lithium aluminum hydride in 100 
ml of absolute e ther  was added gradually to 0.075 mole of 1 -a ry l -3 -pyrazo l idone  in 150 ml of absolute ether 
or te t rahydrofuran .  The mixture was heated for  2.5-3 h. The react ion mass  was decomposed success ive ly  
with 20 ml of ethyl acetate and 20 ml of water .  The inorganic precipitate was f i l tered and washed thorough- 
ly with e ther .  Various methods were used to work up the react ion mass .  

A) The ether  ext rac t  was dried with anhydrous sodium sulfate for 12-24 h, the e ther  was removed by 
distillation, and the residue was vacuum-dist i l led under argon.  

B) After  drying, the ether  was removed by distillation, the residue was t reated with excess  acetic 
anhydride,  and the mixture was refluxed for  2 h. Excess  anhydride was removed by distillation, and the 
residue was vacuum-distil led. 

C) A large excess  of acetic anhydride was added carefully to the crude ether  solution, the ether  was 
removed  by distillation, and the residual  mass  was refluxed for  2 h. The acetic anhydride was removed by 
distillation, and the residue was vacuum--distilled. 

D) A s t ream of dry HC1 was bubbled through the crude ether solution, and the resul t ing precipitate 
was f i l tered and washed with e ther .  The hydrochloride obtained was rec rys ta l l i zed  f rom absolute alcohol. 

A number  of 1 -a ry l -5 -pyrazo l idones  and 1 -a ry l -3 -pyrazo l idones  with various substituents in the phe- 
nyl r ing  were reduced via the method presented above. The 1-arylpyrazol id ines  obtained by reduction were 
isolated in the form of acetyl derivatives [via methods (A), (B), and (C)] or  hydrochlorides [via method (D)]. 
The hydrochlor ides  could be completely f reed f rom t races  of 1-ary lpyrazol ines  by recrystal l izat iono The 
acetyl derivat ives of the 1-ary lpyrazol id ines  were general ly liquids which formed azeotropic  mixtures  on 
distillation with ] - a ry lpy razo l ine s  The R values of the 1 -a ry l -2 -ace ty lpyrazo l id ines  ranged f rom 0.15 to 
0.35 during chromatography in a thin l a y e r  of aluminum oxide (activity II according to Brockmann) in a ben-  
zene -cyc lohexane  -methanol  {25:25:1) system,  while the 1-ary lpyrazol ines  in the same sys tems  had Rf 
values f rom 0.75 to 0.80 ; this made it possible to readily separate them prepara t ive ly  in a column filled 
with aluminum oxide. 

The yields and constants of the compounds obtained are  presented in Table 1. The puri ty of the com-  
pounds obtained was moni tored by chromatography and IR spect roscopy.  

The IR spect ra  were obtained with a UR-20 spec t romete r .  

The percentage of acetylpyrazol idines  in the react ion mixture was determined with an SKB-4 chromat -  
ograph with a f lame-ionizat ion detector and a column 2-m long and 3 mm in diameter  with polypropylene 
glycol sebacate on Cellite-545 as the packing at a column tempera ture  of 198 ~ and a gas c a r r i e r  (nitrogen) 
flow rate  of ~ 5 l i t e r /h .  
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The gas-liquid chromatography data for the percentage of 1-aryl-2-acetylpyrazolidines and 1-aryl -  
pyrazolines in the reaction mixture as a function of the workup methods are presented in Table 2. 
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