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recrystallization (30 ml. of water and 5 ml. of ethanol) gave 
0.7 g. (47%), m.p. 248-249’. A negative permanganate test 
indicated that the product was not a salt of 4vinylpyridine 
and &phenylbarbituric acid. pharmacological data. 

Anal. Calcd. for CI,H,NsO~: C, 66.0; H, 4.9; N, 13.6. 
Found: C, 66.5; HI 6.3; N, 13.7. 
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1,2-Diarylpyrazolidines have been prepared by the oxidative cyclization of the related N,N’-diaryl-1,3-propanediamines 
using manganese dioxide. The analogous reaction with two representative N,N’-dialkyl-1,3-propanediamines afforded 
only unchanged diamine. 

Although general methods have been developed 
for the synthesis of pyrazoles, pyrazolines, and 
pyrazolones,2 methods for the preparation of the 
pyrazolidine ring system have not been investi- 
gated to any significant extent. Upon occasion, 
the synthesis of a substituted pyrazolidine has been 
described, but the scope of the reaction employed 
was not examined in any detail. In  these syntheses, 
the approach invariably involved hydrazine, or a 
derivative thereof, and a l,&dihalopropane. In  
this way p y r a ~ o l i d i n e , ~ ~ ~  1,8diazabicyclo [3,3,0]- 
octane, l-phenyl-4-allylpyra~olidine,~ 1,2-diphenyl- 
pyra~ol idine,~,~ and 1-phenylpyrazolidine6B8 have 
been prepared. 

A novel approach to the formation of the py- 
razolidine ring system involves closure of a 1,3- 
propanediamine. Thus Luttringhauss was able to  
transform l,3-propanediamine into pyrazolidine 
by treating N-chloro-1,3-propanediamine with so- 
dium hydroxide and WittiglO prepared l,&diphenyl- 
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pyrazolidine from N,N ’-diphenyl-l,3-propanedia- 
mine either by oxidation with manganese dioxide 
or by treatment with methyllithium followed by 
iodine. 

The 1,2-diarylpyrazolidines described in this 
paper were prepared by manganese dioxide oxida- 
tion of the corresponding N,N’-diaryl-l,3-propane- 
diamine. In turn, these diamines were obtained by 
treating l,&dibromopropane with an excess of a 
primary amine.l’ The latter reaction requires no 
further comment; the general procedure is given in 
the experimental section and some specific data 
are recorded in Table I. 

On the other hand, the manganese dioxide oxi- 
dation of these diamines provided several note- 
worthy observations. In  common with the ex- 
perience of other workers, it was found that the 
oxidation was strongly influenced by the method 
employed to prepare the manganese dioxide. l2 

Material obtained by combining stoichiometric 
quantities of manganese sulfate and potassium 
permanganate was inactive for ring closure, whereas 
manganese dioxide13 like that used by Wittig 
proved to be satisfactory. Moreover, yields could be 
increased markedly by using the more active 
catalyst described by Henbest.14 

All the N1N’-diaryl-1,3-propanediamines were 
transformed into the corresponding 1,Zdiaryl- 
pyrazolidines with two exceptions. Firstly, N,N’-  
di-p-methoxyphenyl-l,&propanediamine afforded 
4,4’-azoanisole. This type of reaction has been 
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reported by HenbesP; manganese dioxide oxida- 
tion of N-methylaniline, N-ethylaniline, or N,N- 
diethglaniline providcd small yields of azobenzene. 
I t  is noteworthy that N,N'-di-p-ethoxy phen y 1- 1,3- 
propanediamine afforded the expected pyrazoli- 
dine. 

Secondly, oxidation of N,N'-di-o-tolyl-1,3-pro- 
panediamine afforded no 1,Zdi-o-tolylpyrazolidine, 
and starting material was recovered. This was in 
contrast to  the meta and para isomers which under- 
went ring closure and yielded the corresponding 
pyrazolidine. Thus, it is probable that the failure 
experienced with the ortho isomer arises from 
steric requirements involved in ring closure and 
not from a resonance or an inductive effect. 

Although N,N'-diaryl-l13-propanediamines could 
be converted into the related pyrazolidines, the 
N,N'-dialkyl-1,3-propanediamines resisted ring clo- 
sure under the conditions of the oxidation and were 
recovered. If the initial step in the cyclization in- 
volves removal of the hydrogen atom on a nitrogen 
atom as a hydride ion, then it is not unlikely that 
the arylamino compounds would react with 
greater facility since they can provide resonance 
stabilization for the cation that is produced. 

One further observation requires comment: 
oxidation of N,N'-di-o-methoxyphenyl-l,3-propane- 
diamine yielded two solids each giving analytical 
data consistent with that expected for 1,2-di-0- 
methoxyphenylpyrazolidine. It is possible that 
these are isomeric compounds arising from re- 
stricted rotation about the bonds between the aryl 
groups and the nitrogen atoms. This area is being 
investigated further. 

 EXPERIMENTAL^^ 
N,N'-Diaryl-1,d-propanediamines. A solution of 5 moles of 

the primary amine in methanol was heated to  70-80' and, 
with mechanical stirring, 1 mole of 1,3-dibromopropane was 
added a t  the rate of 1 drop per second. The reaction mixture 
waR kept a t  that temperature for 10 to  12 days to romplete 
the reaction. TI e black mixture was made alkaline (pH 11) 
with 30% aqueous sodium hydroxide and steam distilled to 
remove the methanol and recover excess volatile primary 
amine. The oily organic phase in the distilling flask wm 
separated; the aqueous layer wa.a extracted with four 100-ml. 
portions of benaene and the extracts combined with the oil. 
This solution was dried with anhydrous sodium sulfate, 
filtered, and the filtrate concentrated by flash evaporation. 
The dark viscous residue was fractionally distilled in vacuo. 
When the distillate solidified, it  was recrystallized from 
methanol or ethanol. Freshly distilled material is colorless 
but becomes amber rapidly at room temperature; this 
ocrurs more slowly under refrigeration. Data relevant to 
these preparations are recorded in Table I. 

In the preparation of N,N'-di-p-tolyl-l13-propanediamine 
the oily residue obtained upon steam distillation solidified 
into a red pasty mass which was isolated by filtration and 
purified by sublimation and recrystallization from hexane. 

(15) H. B. Henbest and A. Thomas, J. Chem. SOC., 3032 

(16) All melting points and boiling points are uncorrected. 
(1957). 

As p-anisidine does not steam distill, it was removed from 
the crude reaction mixture by extraction p-ith hot water. 
The remaining oil was fractionated and the product, N , N ' -  
di-p-methoxyphenyl-l,3-propanediamine, distilled a t  212' at 
0.1 mm. 

p-Phenetidine does not steam distill so that the crude 
reaction mixture was subjected to  a fractional distillation. 
The N,N'-di-p-ethoxyphenyl-1,3-propanediamine boiled a t  
210-215' at 0.09 mm. 

N ,  N'-Di-t-butyl-1,d-pne&amine. To a eolution of 
73.14 g. (1.0 mole) of 2-butylamine and 40.38 g. (0.2 mole) 
of 1,3-dibromopropane was added 10.81 g of water. The 
temperature rose steadily to.63' within 30 min. The reaction 
mixture was stirred at 60' for 13 hr. and allowed to stand at  
room temperature for 2 days. The semisolid mass was treated 
with a cold solution of 150 g. of potassium hydroxide in 175 
ml of water and extracted with 400 ml. of ether followed by 
two 100-ml. portions of ether. The combined ethereal ex- 
tracts were dried with potassium hydroxide, filtered, and 
concentrated by distillation The rmidue was distilled 
through a short column (b.p. 93-95' a t  19 mm.), and 29.86 
g. (80%) of a white solid was obtained m.p. 40-41'. The sub- 
stance form a hydrate, map. 72-73'. 

A dihydrochloride m.p. 269' dec., was prepared and re- 
crystallized from ether-absolute alcohol. 

Anal. Chlcd. for Cl1H2&12N2: C, 50.96; HI 10.89; N, 10.80. 
Found: C, 50.70; H, 10.70; N, 10.20. 

N,N'-Di-n~tyl-l,J-propanediamine. This compound was 
prepared as described in the literaturelld and distilled a t  
150-153' at 20 mm, The hydrate melted at 44-45' (lit.lld 
m.p. 44-45'). 

A dihydrochloride was prepared and recrystallized from 
ether: methanol and melted at  323' dec. 

Anal. Calcd. for CllH2&12N2: C, 50.96; H, 10.89; N, 10.80. 
Found: C, 51.52; H, 10.66; N, 10.EO. 

l,&DiarylpyrazoZidines. The diamine was dissolved in 
carbon tetrachloride, cooled to  -20 to -10" in Dry Ice- 
ethanol bath and the active manganese dioxide" was added 
in one portion. After stirring the mixture for 2 to 3 hr. a t  
-20 to -lo', the manganese dioxide was removed by fil- 
tration and washed with three 30-ml. portions of carbon 
tetrachloride. The combined organic layers were concen- 
trated in vacuo, and the red oil was taken up in petroleum 
ether (b.p. 60-90') and passed through a 1.5 cm. X 40 cm. 
column of F-20 alumina (Alma). Unchanged diamine was 
present in the initial fractions. The product, isolated from 
the intermediate fractions, wm purified by recrystalliza- 
tion. The data pertinent to these preparations are recorded 
in Table 11. 

The first eluate obtained in the preparation of 1,2-di-0- 
methoxyphenylpyrazolidinc afforded a colorless solid melting 
a t  125-126" after recryatallization from methanol. Inter- 
mediate fractions yielded a yellow solid melting at 160-161' 
after recrptalliaation from methanol. 

Attempts to synthesize 1,2di-o-tolylpyrazolidine afforded 
only a 15% recovery of the starting diamine, m.p. and 
mixed m.p. 50-51'. 

Attempts were made to prepare 1,2-di-n-butylpyrazolidine 
and 1,2-di-t-butylpyrazolidine by tlus method. In all at- 
tempts, the starting diamine was recovered and characterized 
as the dihydrochloride. No evidence of other products could 
be found. 

When the oxidation was carried out with N,N'-di-p- 
methoxyphenyl-1,3-propanediamine1 a deep yellow sulid 
was eluted from the alumina (12% yield). Recrystallizntion 
from methanol gave 4,4'-azoanisole as yellow needles, m.p. 
163-164', (1it.l' m.p. 164.6-165'). 
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