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1-Methylp iperaz ine  (I) is a s t ruc tu ra l  component  of a number  of medicinal  p r epa ra t ions  (di trazine,  
azafen,  me t r az in ,  and others)  and is a s ta r t ing  ma te r i a l  for the i r  synthes is .  Consequently,  the development  
of a method for  p r epa r ing  (I) sui table  for industr ial  use appeared  of cons iderable  in teres t .  

Of the methods of synthesiz ing {I) descr ibed  in the l i t e r a tu r e  [1-8], the mos t  convenient is that which 
cons is t s  in the methylat ion of monoacyl der iva t ives  of p iperaz ine  with the subsequent  e l iminat ion of the p r o -  
tec t ive  group by hydro lys i s .  

P r o t e c t i v e  groups that have been used a r e  the acetyl  [4], methoxycarbonyl  [5], e thoxycarbonyl  [4, 5], 
butoxycarbonyl  [5], and fo rmyl  [6] groups.  

However ,  the p r epa ra t i on  of these  monoaeyl de r iva t ives  of p iperaz ine  in the pure  s ta te  is a s soc ia t ed  
with diff icult ies since the i r  synthes is  is always accompanied  by the fo rmat ion  of 1 ,4-d iacylp iperaz ines  
which, just  l ike the monoacyl de r iva t ives ,  a r e  r ead i ly  soluble in water  and o rgan i c  solvents .  

We have used the method of synthes is  shown above to obtain (D, but as the initial monoacylp iperaz ine  
we se lec ted  1-benzoylp iperaz ine  (II) [9]. Our se lec t ion  of this compound was based  on the fact that it is 
e a s y  to s epa ra t e  f r o m  the 1 ,4-dibenzoylpiperazine  (III) fo rmed  s imul taneous ly  because  of the i r  different  
solubi l i t ies  in wate r :  (1"I) mixes  with wa te r  in all p ropor t ions ,  while (HI) has a l imi ted  solubi l i ty  (0.53 
g a i t e r  at 25~C). Compound (II) was obtained by the benzoylat ion of p iperaz ine  with benzoyl chlor ine in 
aqueous acetone solution with the addition of caust ic  soda. When benzoylat ion was p e r f o r m e d  in the p r e s -  
ence of the potas  s lum sal t  o fbenzy lan i l inezobenzene-4-su l fon ic  acid (pH range  of the change of color  of the in- 
d icator  1.9-3.3), the yield of (II) was about 40% [10], while when the r eac t ion  was p e r f o r m e d  in the p re sence  
of B r o m o c r e s o l  Green (pH range  of the change of color  3.8-5.4) ,  the yield of (II) was about 76% [11]. The 
di f ference  in yields  p e r m i t t e d  the conclusion that the yield of (II) depends on the pH of the reac t ion  medium. 
Exper imen t s  that we p e r f o r m e d  with the p H - m e t r i c  control  of the benzoylat ion r eac t ion  showed that  the 
m a x i m u m  yield of (II) is obtained at pH 4.5-5.0 (see Fig. 1). 

For  this r e a s o n  it appeared  des i r ab le  to p e r f o r m  the benzoylat ion p r o c e s s  with the continuous auto-  
matic  moni tor ing of the pH. For  this purpose  we used a pH m e t e r  - a type PVU-01 mi l l ivo l tme te r  - cou-  
pled to an t~PP-09 automat ic  po ten t iometer  and an i m m e r s i o n  senso r  with glass  and s i l ve r  chlor ide  e l ec -  
t rodes .  

In actual  fact ,  the continuous monitor ing of the pH in the benzoylat ion of p iperaz ine  enabled s table  
yields  of (I) of the o rde r  of 75% to be obtained; the yields of {III) we re  between 15 and 19~0. No "poisoning 'T 
of e l ec t rodes  was observed .  The a c c u r a c y  of the m e a s u r e m e n t s  on the 0-14 pH sca le  was • 0.2 pH units. 
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Fig. 1. Yield (in %) of 
l-benzoylpiperazine (ID 
as a function of the pH 
of the reaction medium. 

According to l i t e r a t u r e  p rocedures  [10, 11], a f te r  separa t ion  f r o m  the 
(III) the (II) was ex t rac ted  f r o m  an alkaline aqueous solution by r epea ted  
t r ea tmen t  with ch lo ro fo rm,  and then the solvent  was dis t i l led off. We have 
found that the use of ch lo ro fo rm or  of methylene chlor ide for the ex t rac t ion  
of (II) is undesi rable ,  s ince in the heating and dist i l lat ion p r o c e s s  the (II) 
pa r t i a l ly  r e a c t s  with these  solvents  with the fo rmat ion  of its hydrochlor ide .  

The use of benzene or ethyl ace ta te  for ex t rac t ion  proved undes i rab le  
because  of the low par t i t ion  coefficient  of (II) in these  solvents  in re la t ion  
to water .  

Consequently,  to isolate  (II) f r o m  aqueous solution we developed a 
method of prec ip i ta t ing  the (ID in the f o r m  of the spar ingly  wa te r - so lub le  
4 ,4 ' -me thy leneb i s  (1-benzoylpiperazine)  (IV), which can be used d i rec t ly  for  
the p repa ra t ion  of (I) without the isolat ion of the (II) in the individual s ta te .  
To obtain (IV), fo rmal in  at the r a t e  of 1 mole of formaldehyde  per  2 moles  
of (II) was added at pH 10.0-10.2 to the mother  solution af ter  the (III) had 
been f i l te red  off [12]. To obtain c rys ta l l ine ,  we l l - f i l t e red  (IV) it was n e c e s -  
s a r y  to add the fo rmal in  gradual ly  at a t e m p e r a t u r e  of 30-50~ The yield 
of (IV) amounted to 75% of theore t i ca l ,  ca lcula ted on p iperaz ine  hexahydrate .  

To p r epa re  (I), the methylene der iva t ive  of  (IV) was boiled with fo rmal in  and fo rmic  acid until the 
evolution of carbon dioxide ceased.  The water  with the excess  of formaldehyde  and fo rmic  acid was d i s -  
t i l led off f r o m  the reac t ion  mixture  (to avoid the fo rmat ion  of 1 ,4-d imethylp iperaz ine  on acid hydrolysis) .  
The sti l l  r e s idue ,  consis t ing of 1 -benzoy l -4 -me thy lp ipe raz ine  fo rma te  (V), was ei ther  subjected to hydro l -  
ys i s  by being boiled with 20% hydrochlor ic  acid [13] or  was f i r s t  conver ted  into the f r ee  base  (V), which 
was then hydrolyzed by being heated with 33-35% caust ic  soda solution: 

~ "] HOOH f-"k J~/~NO00 H HOOH 6HsOON MH ~GbH)OObfk._.jN-OH Z- k__/ 6 5 l ( $ k _ /  J z /Y HCOOH 

__ [OH~ NCNCOCoH~ HzO 7 H~ /---'k .~C? GH~N~ ../J~-I" ZH~ H20 "b 061"I)O00~ 

~ ~- /"'-N 
CH3Nk___/NH + CbH5OOONa 

I 

The benzoic  acid fo rmed  on acid hydrolys is  was s e p a r a t e d  by f i l t ra t ion,  the f i l t ra te  was evapora ted ,  
and 1-methy lp iperaz ine  d[hydrochlor ide containing a molecule  of wa te r  of c rys ta l l i za t ion  (VI) was isolated 
f r o m  the res idue .  

The yield of (VI) amounted to 90% of theore t ica l  calcula ted on the (IV) or  67.5 calcula ted on the p i p e r -  
azine hexahydrate .  

For  the product ion of some  drugs,  such as d i t raz ine ,  it is unneces sa ry  to isolate  the c rys ta l l ine  dihy- 
drocblor ide :  a 60% aqueous solution of the dihydrochlor ide can be used. 

On hydrolys is  in an alkal ine medium,  the (I) was  dis t i l led off in vacuum together  with the wa te r  and 
was obtained in the f o r m  of a 24-25% aqueous solution. The yield of (I) (as 100% mater ia l )  amounted to 807o 
calcula ted on the (IV}, o r  607o calculated on the p iperaz ine  hexahydrate .  In o rde r  to obtain a pu re r  ma te r i a l  
f r o m  the aqueous solution of (I), sol id caus t ic  soda was added to its aqueous solution and the organic  l aye r  
was s epa ra t ed  off and dist i l led,  giving (I) with a pur i ty  of 88-90%. To obtain a st i l l  pu re r  product ,  the o p e r -  
at ions of salting~out and dist i l lat ion were  repea ted .  The losses  in the pur i f ica t ion of the (I} amounted to about 

1570. 

Pipe raz ine  can be r e g e n e r a t e d  f r o m  the (III) obtained as a byproduct  in the benzoylat ion of p iperaz ine .  
For  this purpose ,  the (III) was subjected to hydro lys i s  with hydrochlor ic  acid,  the benzoic acid was s epa -  
r a t ed  off, the aqueous mother  solution was evapora ted ,  the res idue  was made alkaline,  and aqueous p i p e r a -  
zine was dist i l led off and r e tu rned  to the f i r s t  s tage.  
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EXPERIMENTAL 

4,4'-Methylenebis(l-benzoylpiperazine) (IV). An apparatus with a stirrer, thermometer, two dropping 
funnels, and electrodes for pH measurements was charged with 550 ml of water, 300 ml of acetone, 97 g of 
piperazine hexahydrate, and hydrochloric acid to pH 4.5-5.0. One dropping funnel contained 77 g of benzoyl 
chloride and the other contained 64 ml of a 44% solution of caustic soda. With stirring, the benzoyl chloride 
and the caustic soda were added simultaneously from the dropping funnels, the rates of addition being ad- 
justed so that the pH of the reaction mixture was between 4.5 and 4.8 and the time of addition was 32/2-4 h. 
A precipitate of (If) began to form about an hour after the beginning of the reaction. After the end of the re- 
action, caustic soda was added to pH 6.5-7.0 and a mixture of acetone and water was distilled off. The res- 
idue was cooled to 15-20~ and made alkaline (pH I0.0-i0.2). The precipitate was filtered off, washed with 
water, and dried, giving 15 g of (III)o The filtrate was heated to 40~ and, with stirring, 15 ml of 37% for- 
malin was added in 2.5-mi portions every i0 min. The mixture was kept for 30 min, cooled to 5-I0~ and 
stirred for 2 h. The precipitate was filtered off, washed with water, and dried, to give 73.5 g of (IV). The 
yield amounted to 75% of theoretical, calculated on the p~perazine hexahydrate. The compound obtained 
consisted of a colorless crystalline substance w~th mp 131-132~ sparingly soluble in water, moderately 
in ethanol and acetone, and readily in chloroform and methanol. Under the action of mineral acids it de- 
composes into formaldehyde and the corresponding salt of l-benzoylpiperazine. Found, %: C 70.32; H 7.20; 
N 14.25; C23H28N402. Calculated, %: C 70.37; H 7.19; N 14.20. 

l-Benzoyl-4-methylpiperazine (V). A flask with a stirrer, reflux condenser, thermometer, and drop- 
ping funnel was charged with 66 g of (IV) and 20 ml of 37% formalin. The mixture was heated to 80~ and 
33 rnl of 86% formic acid was added over 1 h. The vigorous evolution of carbon dioxide took place. The re- 
action mixture was boiled for 4 h, and the excess of formalin and formic acid was distilled off under vac- 
uum. The still residue, which consisted of the formate of (V), was used for the production of (i). 

Where necessary, the (V) can be isolated from the still residue by making it alkaline, extracting with 
benzene, evaporating off the solvent, and distilling the residue in vacuum. Compound (V) consists of a vis- 
cous yellow oil with bp 147-150~ (2 ram), soluble in water and organic solvents. It is salted out from aque- 
ous solutions by caustic alkalies~ According to the literature, bp I14-122~ (0.04 mm) [14]. 

l-Methylpiperazine (i). A. Hydrolysis of (V) in an acid medium. The formate of (V), obtained in the 
preceding stage, was treated with 155 ml of 20% hydrochloric acid. The resulting solution was boiled for 
3 h and was then cooled, and the benzoic acid was filtered off. The filtrate was treated with activated car- 
ben. The water was distilled off in vacuum from the clarified solution, and the residue was treated with 150 
ml of ethanol. The precipitate was filtered off, washed with ethanol, and dried at 50-60~ This gave 58 g 
of (VI), mp 80-82~ The yield was 907o of theoretical, calculated on the (IV). According to the literature, 
mp 82.5-83~ [5]. 

B. Hydrolysis of (V) in an alkaline medium. At a temperature not exceeding 40~ the reaction mix- 
ture obtained by the methylation of 6 g of (IV) (w~thout the elimination of the formalin and formic acid by 
distillation) was gradually added to 24 ml of a 42% aqueous solution of caustic soda. After cooling to 20~ 
the upper layer, consisting of the technical base (V) (about 90 g), was separated off and was treated with 55 
ml of the 42% solution of caustic soda and 20 nfl of water. The resulting emulsion was boiled for 3 h with 
vigorous st~rr~ng. As hydrolysis proceeded, the temperature Of the reaction mixture fell from 112 to I06~ 
Reduced pressure was applied, and aqueous (i) was distilled off, with a gradual rise of the temperature in 
the reaction flask and a lowering of the residual pressure from 550 to 200 mm Hg. This gave 108 rnl of a 
solution containing 26.9 g of (1). The yield of (I) as 100% material amounted to 80% of theoretical calculated 
on the (IV). To obtain high-purity (I), the solution obtained was treated with 50 g of solid caustic soda, the 
mixture was slowly st~rred for 15 mhl (to avoid the formation of a stable emulsion), and the layers were 
separated. The organic layer was distilled, a fraction boiling between 105 and 136~ being collected. This 
amounted to 22-23 g of 88-9070 (I). Where it was necessary to obtaLa absolute (I), the drying with solid 
caustic soda was repeated, and the (i) was redistilled, the 133-136~ fraction being collected. According 
to the literature, bp 135-137~ [2]. 

Regeneration of Piperazine from (III). A mixture of 29.4 g of (Ill) and 65 ml of 20% hydrochloric acid 
was boiled with stirring for 5 h. After cooling, the benzoic acid was filtered off. The filtrate was neutral- 
ized to pH 6.5-7.0 and the water was distilled off in vacuum. The residue was treated with 18 ml of a 42- 
44% solution of caustic soda and aqueous pyrazine was distilled off, the I05-125~ fraction being collected. 
This gave 19 g of a product containing about 94% of piperazhae hexahydrate. The yield of regenerated piper- 
azine hexahydrate amounted to 92% of theoretical, calculated on the (iII). 
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