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Tr i ace toneamine  (2 ,2 ,6 ,6- te t ramethyl -4-oxopiper id ine)  is an impor tan t  chemica l  in te rmedia te .  Its 
numerous  de r iva t ives  a r e  finding wide use  in var ious  fields of  sc ience  and p rac t i ce .  

Numerous  drugs have been c rea ted  on the bas is  of  t r iace toneamine ,  which was d i scovered  in 1874 [1]; 
they include a -euca ine  [2], an effect ive p repa ra t ion  which, like cocaine,  exhibits a local  anesthet ic  action. 
Pyr i l ene ,  approved in the USSR for  the t r ea tmen t  of  hyper tension and o ther  vascu la r  d i seases ,  also is a 
t r i ace toneamine  der iva t ive  (1 ,2 ,2 ,6 ,6-pentamethylpiper id ine-p- to luene sulfonate [3]), while the recent ly  
synthesized 2 ,2 ,6 ,6 - t e t r ame thy l -4 -me thy lene - (pheny lp ropy lace ty l ) -hydroxy-4 -p ipe r id ine  hydrochlor ide  [4] 
has a pronounced ant iv i ra l  effect.  Many p repa ra t ions  of  this s e r i e s  pos se s s  ganglioblocking [5] and s p a s -  
molyt ic  act ivi t ies  [6] ; a number  of  potent ia l  adrenoly t ics  and cholinolytics have been synthesized [7]. 

In synthetic  organic  c h e m i s t r y  t r i ace toneamine  is used for the product ion of  var ied  der iva t ives  of 
pyr ro l ine ,  pyr ro l id ine  [8, 9], and other  he terocycl ic  compounds [10]. 

In the catalyt ic  oxidation of t r i ace toneamine  and some  of its der iva t ives ,  s tab le  ni t roxide radica ls  can 
be obtained [11, 12]. More than 200 compounds of this c lass  a re  now known. Studies conducted in r ecen t  
yea r s  in the USSR and abroad have shown that s table  ni t roxide radica ls  a r e  useful compounds for the solu-  
tion of numerous  p rob l em s  a r i s ing  in the course  of  chemical ,  physical ,  and biological  expe r imen t s .  

Stable ni t roxide rad ica l s  have been used for  the determinat ion of the r a t e  constants  of  the e lementa ry  
events of  reac t ions  [13], as s t ruc tu ra l  models  in synthetic  invest igat ions [14], in the study of the s t ruc tu re  
and reac t iv i ty  of  molecules ,  and in the investigation of the m i c r o s t r u c t u r e  of liquids [15, 16] and energet ic  
and s t e r i c  fac tors  in kinetics [17]. They can be used as oxidizing agents and ca ta lys t s  [18], and also as 
"spin m a r k e r s "  for  es tabl ishing the th ree -d imens iona l  configuration of molecules  [19]. Nitroxides a r e  
working subs tances  for  the pickups of nuclear  p r e c e s s i o n  geomagni tomete r s  [20], instead of unstable so lu-  
tions of  FremyTs sal t .  They can be used in quantum genera to r s  of  the m a s e r  type as well  [21]. There  is 
informat ion on the success fu l  use of  s table  ni t roxide rad ica l s  as inhibitors of  po lymer iza t ion  reac t ions  [22], 
antioxidants [23], and s t ab i l i ze r s  of  po l ym er  m a t e r i a l s  [24, 25]. 

A number  of  compounds of this c lass  have been tes ted as chemical  mutagens  [26], and p repa ra t ions  
posses s ing  ant i tumora l  [27] and radiosens i t iz ing  [28] ac t iv i t ies .  Studies on mo lecu l a r  biology [29-31] in 
which ni t roxides  and their  se lec t ive  reac t ions  without affecting the unpaired e lec t ron  have been used [32] 
a r e  widely known. Nitroxide rad ica l s  have been used in immunological  invest igat ions [33] and in the study 
of  the supe rmo lecu l a r  s t r u c t u r e  of  nucleic acids [34]. 

The abundance of expe r imen ta l  and theore t ica l  s tudies using ni t roxideofree rad ica l s  has produced a 
genuine need for  improving  the existing methods of production of t r i ace toneamine .  However,  the develop-  
ment  of the c h e m i s t r y  of  t r i ace toneamine  and ni troxide rad ica l s  is g rea t ly  inhibited by their  high cost,* 
which in turn has de te rmined  the absence  of re l iab le  and convenient  methods of  synthes is  of  t r i aee tone-  
amine  and its der iva t ives .  

*The cos t  of  125 mg  of a p repa ra t ion  of  a ni t roxide rad ica l  is $200 [35]. 
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Fig. 1. Apparatus for the production of t r iacetoneamine 
by condensation of acetone with ammonia over  calcium 
chloride.  Explanations in text. 

It has been shown [1] that t r iacetoneamine can be produced by the condensation of  acetone with ammo-  
nia at increased  tempera ture :  
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At room tempera ture  the main product  of condensation is diacetoneamine [36]. Subsequently, to r e -  
move the water obtained during the react ion and for bet ter  absorption of  ammonia,  calcium chloride was 
used [37, 38]. In this case the condensation proceeds  in stages [39], through the intermediate  stages of the 
formation of  mesi tyl  oxide and diacetoneamine. 

According to one of the methods [40], t r iacetoneamine is produced by per iodic  passage  of gaseous 
ammonia  into a mixture of acetone and melted calcium chloride at room tempera ture .  After  alkaline t rea t -  
ment of  the react ion mass ,  t r iacetoneamine is extracted with a yield of 15-20% of the theoret ical .  The 
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TABLE 1. Cha rac t e r i s t i c s  of  Various Methods of  Product ion 
of Tr i ace toneamine  

Star t ing m a t e r i a l  

Phorone 
2 ,2 ,4 ,4 ,6-Pentamethyl -  

2 ,3 ,4 ,5 - t e t r ahydro-  
pyr imid ine  

Diacetone alcohol 
Acetone 

W 

Yield (in %) 

68 

60 
48 

15-17 
33-34* 
15.5 
40.0 

*On unpurified t r iaee toneamine .  

Duration 
(in days) 

1-2 

2-3 
6-7 
8-9 
9-10 
9-10 
2-3 

L i t e r a tu r e  

[42-44] 

[45] 
[45] 
[40] 
[3] 
[41] 
[47] 

opera t ion  of sa tura t ion  can be cons idered  completed when the amount of  absorbed  ammonia  reaches  100- 
105% of  that n e c e s s a r y  according to the reac t ion  equation [3]. 

The yields  of  the final product  can be inc reased  to some  degree ,  and they can be made m o r e  stable,  
through the use of  liquefied ammonia  [41] o r  the use of  a p r e l i m i n a r i l y  p r e p a r e d  ammine  of ca lc ium chlo-  
r ide ;  however,  all  these improvemen t s  do not introduce any rad ica l  improvemen t s  into the p r o c e s s .  

T r i aee toneamine  can be produced f rom phorone and ammonia  [42-44]. Evidently he re  the reac t ion  is 
r ea l i zed  through a l inear  aminoketone,  followed by in t r amolecu la r  he te rocycl iza t ion  to t r iace toneamine .  

It is quite evident that the above-ment ioned  methods of  product ion of t r i ace tone  amine  a r e  routine and 
inapplicable on an enlarged sca le  of production.  

I t  has recent ly  been shown [45] that t r i aee toneamine  is smoothly  fo rmed in the d ispropor t ionat ion  of  
2 ,2 ,4 ,4 ,6 -pen tamethy l -2 ,3 ,4 ,5 - te t rahydropyr imid ine  [46] and water  in the p r e s e n c e  of ca lc ium chlor ide:  

OH~ O 

-~-z? 
H)O ~ "~j-~ ~GH)  

It  has also been es tabl ished [45] that the catalyt ic  condensation of diacetone alcohol with ammonia  
leads to t r i ace toneamine  with 48% yield.  

In our  opinion, a convenient  l abora to ry  method of  synthesis  of t r i ace toneamine  is the cata lyt ic  con-  
densation of ammonia  with acetone in the appara tus  p roposed  by As inger  et al.  [47]. Repeated  product ion 
of  t r i ace toneamine  using the appara tus  that we modif ied and improved  indicated that this method p e r m i t s  a 
reduct ion of the number  of  opera t ions  and a s impl i f ica t ion  of  the s tage  of pur i f ica t ion of  the final product .  
We bel ieve that the theore t ica l  technological  s cheme  in this var ia t ion (see Fig. 1) can be used in the con-  
st-ruction of pi lot  plants  and s emi - indus t r i a l  ins ta l la t ions for  the synthesis  of this compound. The output of 
a sma l l  ins ta l la t ion of this type, when it  is p rope r ly  opera ted,  is approx imate ly  0.15 kg /day  (see exper i -  
menta l  section).  

In compar i son  of var ious  methods of product ion of t r t aee toneamine  (see Table 1), i t  is easy  to see  
that  the l a r g e s t  yield is achieved when phorone and ammonia  a r e  used as the s t a r t ing  m a t e r i a l s ;  i f  we con- 
s ide r  the compara t ive  cost  of the reagents ,  however,  we should st i l l  give p r e f e r e n c e  to the l a s t  method of 
those  cons idered  in the table.  

We should mention,  however,  that the yield indicated by the authors  of  [47] was calcula ted on the bas i s  
of  the reac ted  acetone,  while the t r i ace toneamine  obtained in this case  r equ i re s  additional puri f icat ion.  
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E X P E R I M E N T A  L 

In a 3- l i te r  four-necked round-bottomed flask (1) (see Fig. 1) we loaded 1980 g of acetone dried over  
calc ium chloride and heated on an oil bath (2). The acetone was passed through a Vigre column (3), Liebig 
condenser  (4), and a separa to ry  funnel (5) into a reac to r  (6) filled with 600 g of granulated (with par t ic le  
s ize  3-4 ram) fused calcium chloride.  Five to nine hours after  the beginning of i r r igat ion of calcium chlo-  
ride with acetone and delivery of ammonia  to the r eac to r  (6) downward through a bubble counter (9) filled 
with a concentrated solution of t r iaeetoneamine in acetone, a sa tura ted  solution of calcium chloride collected 
in the lower portion of the sepa ra to ry  funnel (7) and was per iodical ly  run off. Tr iaeetoneamine and the 
unreaeted acetone were re turned from the r ece ive r  (7) through a W-shaped tube (8) to the flask (1). 

As a resul t  of the reaction,  the t empera tu re  in the r eac to r  (6) rose  to 50 ~ and the evaporated acetone, 
captured by a flow of gaseous ammonia,  entered the condenser  (11), where it was condensed and re turned 
through the funnel (10) to the f lask (1). The inlet of  ammonia  was regulated in such a way that only the inert  
gas contained in the ammonia  passed out of the condenser  (11). As soon as the tempera ture  in the flask (1) 
reached 105-110 ~ (after approximately 20 h), the del ivery of ammonia  was stopped, and heating of the flask 
(1) was continued for another 15-20 rain, af ter  which the react ion product  was siphoned off  with the s top-  
cocks (15, 16, 17, and 18) closed, f rom the W-shaped tube (8) to the flask (1). The W-shaped tube (8) and 
connecting tube (14) were replaced by a glass  s topper.  The Liebig condenser  (4) was connected through a 
th ree-way s topcock (12) to an Ansehutz-Thiele  adapter  (13). The contents of the flask (1) were distilled 
under vacuum, collecting the fract ion boiling in the range 52-60 ~ (1 ram). The disti l late was cooled and the 
precipi tated c rys ta l s  of t r iaeetoneamine removed.  After  reerys ta l l iza t ion  f romn-hexane ,  t r iaeetoneamine 
is in the form of co lor less ,  readily subliming c rys ta l s ,  mp 35.5-36 ~ The yield of  the product  is about 400g 
(28.8 g of  the acetone used in the reaction).  
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