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A study is made of the deamination of diethylenetriamine over acid- 
alkali catalysts, i. e., kaolin and alumina with promoters. Promoters 
which raise the acidity of the catalyst, affect the formation of trieth- 
ylene diamine favorably. Increasing the amount of additive increases 
she amount of triethylenediamine, and cuts the optimum temperature 
at which it is formed. On kaolin or A1203 + 15% B203, the yield of 
triethylenediamine amounts to 30% theory. Addition of MoO a facili- 
tates dehydrodeamination and hydrogenolysis of the diethylenetriamine. 
The optimum promoter for preparing pyrazine is MoO 3 along with a 
small amount of acid oxides. On the A120 s + 5% MoO 3 + 1% P205, the 
pyrazine yield is 27.5% theory. Triethylenediamine can be separated 
from mixtures of it with piperazine by azeotropic distillation with m- 
xylene era mixture of mesitylene and a-methylnaphthalene. 

N i t r o g e n - c o n t a i n i n g  he t e roeye l i c  compounds with 
two n i t rogen  a toms  py raz ine  (I), p ipe raz ine  (II), and 
the i r  d e r i v a t i v e s ,  as wel l  as 1 ,4-d iaza[2 ,2 ,2]b icy-  
e looctane  ( t r i e thy l ened iamine  III), find eve r  i n c r e a s i n g  
appl ica t ion .  The c l a s s i c a l  methods  of syn thes i z ing  
compounds  of th is  group a r e  mu l t i s t age  ones ,  quite 
l abor ious ,  and often based  on use  of i n a c c e s s i b l e  

s t a r t i n g  compounds~ 
P y r a z i n e  b a s e s  have h i ther to  been  syn thes ized  by 

condens ing  a - a m i n o a l d e h y d e s  or  a - - aminoke tones  
and oxidat ion of the r e s u l t a n t  d ihyd ropy raz ine s ,  o r  by 
r eac t i ng  ha logenated  a ldehydes  with a m m o n i a  or  
a m i n e s ,  o r  by a m i n a t i n g  s u g a r s  or  g lyce ro l  [1-11] .  

II and i ts  homologs  w e r e  p r e p a r e d  by condens ing  
hydrogen  ha l ide  sa l t s  o r  o ther  de r i va t i ve s  of amino  
a lcohols  or  e t h y l e n e d i a m i n e s  at high t e m p e r a t u r e s  

[12-15]. 
Synthet ic  methods  of obta in ing  HI have b e e n  b a s e d  

on condens ing  hydrogen  hal ide  sa l t s  of amino  a lcohols  
with t r i h a l o g e n o e t h y l e n a m i n e s  or  on i n t r a m o l e e u l a r  
condensa t ion  of the c o r r e s p o n d i n g  de r i va t i ve s  of II 

[16-29] .  
T h e r e  a r e  a n u m b e r  of d i f f icu l t ies  in  connec t ion  

with the c a r r y i n g  into effect  of these  syn the t ic  methods ,  
viz.  s e v e r a l  s t ages  be ing  involved,  the t i m e  r e q u i r e d  
to c a r r y  out the  ind iv idua l  s t a t e s ,  the c o r r o s i v e  
n a t u r e s  of the r e a c t i o n  m i x t u r e s ,  and the c o m p a r a -  
t ive ly  low y ie lds .  Consequent ly  spee ia i  i n t e r e s t  a t -  
t aches  to deve lop ing  ca ta ly t ic  methods  for  syn thes i z ing  

these  h e t e r o e y c l i e  b a s e s .  
Most  of the methods  of ca ta ly t ic  syn the s i s  of I and 

i ts  d e r i v a t i v e s  depend on dehydrogena t ion  of the 
c o r r e s p o n d i n g  p i p e r a z i n e  d e r i v a t i v e s  ove r  dehydro -  
gena t ing  ca t a ly s t s  (Cu c h r o m i t e  [21 ,28-30] ,  Zn 22'25, 
Cd 25, Cr  22'23'27, V, Mo, Mn and W [23] oxides ,  Co, 

Ni, Cu, Pd and Fe [22,24,26]) at 375~ ~ with 
d i lu t ion  of the s t a r t i n g  m a t e r i a l  with i n e r t  s u b s t a n c e s  
(N, b e n z e n e ,  wa te r ,  ete). The syn the s i s  I is  a lso  

effected by direct cycloamination of amino alcohols 
and alkylidenamines over dehydrating catalysts. 

[31-34]. 
The catalytic synthesis of II and its derivatives is 

based on cyelodehydration and deamination of poly- 
functional amines, either at increased pressure in the 

liquid phase, in the presence of hydrogenation cat- 
alysts, or in the vapor-gas phase over dehydration 
catalysts [12]. Liquid phase reaction is smoother, and 
the yields of II reach 60% or more, while in the vapor- 
gas phase, a complex mixture of amines is formed, 
and the yield of II is 20-30%. 

When alkylenepolyamines are passed over kaolin 
or synthetic alurninosilicates at 290~ ~ II and III 
are formed in 7-12% and 10% yield respectively 
[35,36]. Triethylenetetramine diluted with ammonia 
gives a 12.5-15% yield of llI [37,38]. Passage of 
ethanolamine vapors plus ammonia over kaolin or 
synthetic aluminosilicate at 300~ ~ gives Ill in 
10-12% yield [39-41]. Higher yields of Ill, up to 30%, 
are obtained by passing N-(fl -hydroxyethyl)- or 
N- (fi-aminoethyl) piperazine over synthetic alumino- 
silicate catalysts [42-45]. 

Our researches on deamination of polyfunctionai 
amines and dehydration of aminoalcohols in the gas 
phase over acid-alkaline catalysts, also established 

formation of considerable amounts of Ill along with 
II, and demonstrated the role of the main diethy- 

lenetriamine conversion products in the process. The 
highest yield of Ill (30%) is obtained from N-(/?-amino- 

ethyl) piperazine [46]. 
However the gas phase reaction is characterized 

by formation of a mixture of a large number of dif- 
ferent amines, from which isolation of pure III is 
very difficult. Since fractional distillation does not 
give satisfactory results here, the suggestion was 
made to precipitate Ill from the reaction products as 

the hydrate [47~48], or to distill it off as an azeotrope 

either with alkylaromatie hydrocarbons or ester of 
carboxylic acids, and then to crystallize it [49-52]. 

The present paper investigates some of the ways 

in which formation of I, II, andIII under the conditions 

of vapor phase catalytic reaction depends on the com- 

position of the acid-alkaline catalystbased on alumina, 
and results are given of experiments on isolating III 

from the catalyst. 
Deamination of diethylenetriamine IV was effected 

with catalysts consisting of alumina with additions of 

oxides of boron, phosphorus, molybdenum, or molyb- 
denum and phosphorus oxides simultaneously, as well 
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CHEMISTRY OF HETEROCYC LIC C OMPOUNDS 281 

as with kaolin,  and kaolin plus molybdenum, oxide 
p romote r .  Tables  1-10 give the exper imenta l  con- 
ditions and composi t ions of the products .  

The react ion over  alumina is quite non-se lec t ive .  
The products  a r e  foundto contain I, II, III, N-(f i -amino-  
ethyl) p iperaz ine  (V), e thylenediamine (VI), N-e thyl -  
p iperaz ine  (VII), e thylamine (VIII), polyethylenepoly-  
amines ,  unreacted IV, and two unidentified amines .  
With a shor t  contact t ime  the main products  a r e  l inear :  
e thylenediamine and polyethylenepolyamines.  Inc reas -  
ing the contact t ime inc reases  the yield of cyclic prod-  
ucts ,  but the range of optimum tempera tu res  for  thei r  
production nar rows .  

With alumina plus boron t r iox ide  or  phosphorus 
pentoxide (5,10, and 15%) at low t empera tu r e s ,  con- 
ve rs ion  of IV to V and VI predominates ,  these  yields  
dec reas ing  with i n c r e a s e  in t empera tu re .  

Since deaminat ion of V and VI over  kaolin gives II 
and III [46], it can be assumed that i nc r ea se s  in the 
amounts of II and III when the t empe ra tu r e  is r a i s ed  
a re  due to cycl iza t ion  of VI and V. 

The yield of I i n c r e a s e s  with increas ing  t e m p e r -  
a ture .  Over ca ta lys t s  containing smal l  added amounts 
of acid,  y ie lds  of I and its alkylat ion products  a re  
higher than when using more acid catalysts. Fig. 1 
gives the relationship between product composition and 

temperature for the catalyst Al203 + 15% B203 
The optimum for formation of II and III is at 320- 

400 ~ , and the greater the amount of acid promoter 
added, the lower the optimum temperature of formation 

for II and Ill. The relationshipbetweenthetemperature 

of formation of III and the amount of acid promoter is 

more clearly marked (Fig. 2). 

25 

Fig.  1. Relat ionship between products  compos i -  
tion and deaminat ion t e m p e r a t u r e  for  d ie thylene-  
t r i amine  (ca ta lys t  A1203 + 15% B203): O) P y r a -  
zinc; [~) p iperaz ine ;  A) t r ie thylenediamine;  o) 
d ie thy lene t r iamine ;  &) ethylenediamine;  []) N- 

( f l -aminoe thyl )p iperaz ine ;  x) ammonia.  

Incorpora t ion  of 5% MoO3 into a ca ta lys t  containing 
5% P20~ cut the y ie lds  of II and III sharp ly ,  and con- 
s ide rab ly  i nc reased  the yield of I. A more  se l ec t ive  
ca ta lys t  is obtained by using phosphomolybdic acid,  
i . e .  by cutting the P205 content to 1%. The main course  
of the reac t ion  over  this  ca ta lys t  is  dehydroaminat ion 
of IV to I. At 400 ~ the yie ld  of I is 12.8%, at 480 ~ it is  
21.4%, and in addit ion to I a lky lpyraz ines  a r e  formed.  

II and III a re  absent  from the product.  The dehydro-  
genation is accompanied by hydrogenolysis  of IV to 
VIII. With alumina containing added amounts of moly-  
bdenum oxide (5 and 10%), the yield of I is lower than 
when the ca ta lys t  contains 1% P205, but the genera l  
conversion picture  is the same.  II and III a re  absent,  
and cons iderable  amounts of VIII a re  present .  Unlike 
what is found with the previous  cata lys t ,  in this pa r -  
t i cu la r  case ,  polyethylenepolyamines a r e  found to be 
formed.  Raising the amount of MoO3 to 10% leads to 
dec rea se  in the yield of I and i ts  alkyl der iva t ives ,  
which at the same t ime the yields  of VIII and NH~ in- 
c rease .  The ca ta lys t  is found to be covered with a 
l aye r  of carbon, showing profound decomposi t ion of IV. 

.15 

0 

\ 

~ p 2 0  ~ B~O~ 

~o 3~o 3~ 40o ~oc 

Fig. 2. Relat ionship between 
optimum t empera tu re  of f o r -  
mation of t r i e thy lenediamine  
and amount of p romote r  added. 

Addition of MoO3 to A1203 causes  the connected r e -  
act ions of dehydrogenation and hydrogenation to take 
place.  Additions of smal l  amounts of acid ca ta lys t s  to 
this  ca ta lys t  gives r i s e  to cyclizat ion,  r a i s ing  the 

y ie lds  of I. 
With a natura l  acid ca ta lys t ,  kaolin,  the nature  of 

the changes in composi t ion of the product  as a function 
of contact t ime  and t e m p e r a t u r e  a r e  the same,  as with 
ca ta lys t  compr i s ing  A1203 and added p romote r s .  

The yield of V is the f i r s t  to pass  through a t e m p e r -  
a ture  maximum, and a f te r  that the y ie lds  of VI, II, HI, 
and VII. With dec reas ing  contact t ime,  the t e m p e r a t u r e  
optimum is shifted upwards.  

Addition of 5% MoO3 to the kaolin i nc r ea se s  the 
y ie lds  of I and a lky lpyraz ines ,  the amounts of II and III 
drop, and the t e m p e r a t u r e  optimum moves down, i . e .  
the nature  of the effect of molybdenum oxide is the 
same as for  Al~O3 with added P205. The compara t ive ly  
high yie lds  of II and III as compared  with those with 
ca ta lys t s  based  on alumina,  a r e  explained by the cha r -  
ac t e r  of the acid p r ope r t i e s  of kaolin. 

The o p t i m u m t e m p e r a t u r e  conditions f o r p r e p a r a t i o n  
of I, II, and III with a l l  the ca ta lys t s  t es ted  a r e  shown 
in Table  11. 

I can be obtained with the maximum se lec t iv i ty  by 
using ca ta lys t s  containing MoO 3 p romote r .  The bes t  
yield,  27.5% theory,  is obtained with the ca ta lys t  
A1203 ~ 1% P205 ~- 5% MOO3. A cons ide rab le  defect  of 
these  ca ta lys t s  is the very  g rea t  decomposi t ion  of IV 
into unused products  of low molecu la r  weight. The 
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Table 12 

Azeotropic  Dis t i l l a t ion  Separat ion of the P ipe raz ine  and 
T r i e t h y l e n e d i a m i n e  Mixtures  

Mixture 

m-  Xylene 
Piperazine 
Trie thylenediamine 

m-  Xylene 
Piperazine 
Ti ie thylenediamine  

m- Xylen e 
Piperazine 
Tfie thylenediamine 

m-  Xylene 
Piperazine 
Tr ie thylenediamine 

Mesitylene 
Piperazine 
Tr ie thylenediamine 
a -  Methylnaphthalene 

Mesitylene 
Piperazine 
Tr ie thylenediamine 
a -  Methylnaphthalene 

Amount in 
mixture, g 

214.0 
10.0 
10.0 

214,0 
10.0 
10.0 

214.0 
15.0 
5.0 

214,0 
5.0 
15.0 

64.75 
lO.O 
I0.0 

�9 51.0 

64.75 
5.00 

15.00 
51.00 

Yield in g obtained 
on distillation 

Up to 137 ~ 
56,43 
2,97 

12.59 

15.18 

19.43 

Up to 1290 

0.05 

137--139 ~ 
155.77 

5.93 
0.27 

194.19 
9.45 
0.21 

195.27 
14.84 
0.32 

192.37 
4.53 
0.44 

129--1500 
18.07 
9.32 
1 .~0 

10.39 
4.03 
0.41 

139--180 ~ 

9.36 

7,42 

9.44 

3.54 

3.95 

2.10 

14.03 

151--180 ~ 
4,6.68 

0.56 
8.38 
0.59 

54.30 
0.59 

14.55 
0.73 

Residue, 

g 

0.35 

0.29 

0.43 

0.31 

49.98 

50.00 

Losses, 
g 

2,92 

0.41 

0.47 

0,79 

0.52 

0.23 
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Table 13 

Separating the Products  of Deaminating Diethylenediamine by T r e a t -  

Mixture com- 1 
position I p-fra- 

(120-190~ ~o cut) ~ m e  

i 

Before treatment I 5.4 

After treatment 

ment with Formaldehyde  and Water  

Alkyl - 
pyrazme 

Methyl- 2,d5r~dihy- 

8.3 1 IOA 

82_7 t 11.3 
I 

Piper- 
azine 

2i 

Y-ethyl- 
plperaz- 

ine 

2.4 

034 

Triethyl- 
enedi- / 
amine 

32 

Other . Poly- Triethylene 
emymne- diamine 

amines polyamines ~ isolated 

29,3 38.9 0.0 - -  

2.6 0.0 2.7 

product ,  a s e m i - s o l i d  mass ,  contains 50-60% I, which 
can be success fu l ly  used for  p repa ra t ive  purposes .  
Since in the pa r t i cu l a r  case  it is poss ible  to synthesize  
I without obtaining II as an in te rmedia te ,  it is  evident 
that this  method is definitely potent ial ly in teres t ing.  

As compared  with III, ca ta lys t s  with an acid s u r -  
face a r e  most  se lec t ive .  With kaolin and A120:~ plus 
15% B203, y ie lds  of III reach 30-31% theory,  and the 
amount of III in the semiso l id  product is about 20%. 
These  r e su l t s  a r e  somewhat be t t e r  thanthose  desc r ibed  
in the l i t e r a tu r e  (where the product contained 10-15% 
III) [35-41]. 

The maximum yie ld  of II l ies  at the 16% level.  With 
A12Oa, AI203 plus P20~, and kaolin, the yield of II is 
the same.  In genera l  II is not obtained with A1203 plus 
MoO~. The p re sence  of III in react ion products  along 
with II h inders  isola t ion of the fo rmer .  

We at tempted to repea t  some methods of isola t ing 
II desc r ibed  in the patent l i t e ra tu re .  These  were  
azeot ropic  d is t i l la t ions  with m-xylene ,  mes i ty lene ,  
and c~-methylnapthalene (Table 12). The method gave 
re l i ab le  sepa ra t ion  of III f rom II. 

T rea tmen t  of the react ion products  with p a r a -  
formaldehyde followed by dis t i l la t ion,  leads to con- 
s ide rab le  enr ichment  in a lky lpyraz ines ,  which a r e  also 
valuable  products  (Table 13). 

EXPERIMENTAL 

Cata lys ts .  The ca ta lys t s  used were  based  on ac t i -  
vated alumina and kaolin plus oxides of B, P, and Mo. 
The ca t a lys t s  were  p repa red  as has been desc r ibed  
[53]. Specific su r f aces  and ac id i t ies  of al l  ca ta lys t s  
were  de te rmined  by B e r a k ' s  method [54]. 

Appara tus  and method of ca r ry ing  out the exper iment .  
A l abora to ry  flow setup [53] was used to effect vapor  
phase deaminat ion of IV. When the react ion products  
left the r eac to r ,  they were  cooled by two success ive  
condensers ,  to the ground glass  joints of which were  
at tached r e c e i v e r s  cooled in dry ice and acetone. The 
very vola t i le  reac t ion  products  were  absorbed  i n t r a p s  
containing cold water ,  and uneondensed gases  were  
passed  through ve s se l s  containing water ,  and then 
vented to a vent i la t ing shaft. 

Analys is .  The IV deaminat ion products  were  analyzed 
by gas l a y e r  chromatography  with a Griffin 2B ch roma-  
tography,  using a p rev ious ly  developed method [55]. 

The c a r r i e r  gas was He (rate 1.5 l / h r ) .  The chroma-  
tograph columns were  packed with NaC1 c a r r i e r  (ep), 
which c a r r i e d  0.1% KOH and l'Y0 E 301 s i l icone e las -  
tomer .  Column length 4.8 m, d iamete r  4ram. 

The calculat ions were  c a r r i e d  out by the internal  
s tandard method using the peak a reas ,  de termined as 
the product of peak height and mid-peak  width, The 
internal  s tandard  was n-nonyl or  n -oc ty l  alcohol,  added 
in amounts equal to 107o of the sample  (cal ibrat ion by 
individual amines  was used ea r l i e r )  

The react ion products  were  identified by comparing 
the i r  retent ion volumes with those of pure compounds 
on two s ta t ionary  phases of equal polar i ty .  Fur ther ,  
a l l  react ion products  were  isola ted pure by p r e p a r a -  
t ive GLC, and cha rac t e r i zed  by the i r  physical  con- 
stants and IR and NMR spec t ra .  
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