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ABSTRACT 

The thermal decomposition of  l , l 'azo-4,4"-di(H-methylanil ino)pyridinium 
dibromid¢ dihydrate (A) and l,l'-azo-3,3"-dimethyl-2,2"-diphenylimidazo [-l,2-a-i 
pyrimidinium dibromide tetrahydrate (13), and the mass spectra o f  their Volatile 
products, are described. The results show that the water of  crys ta l l~ t ion  can be 
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removed f rom (A) wi thou t  causing rupture  o f  the tetrazene linkage, bu t  tha t  loss o f  
water  f rom (B) caused breakdovm o f  the molecule.  4-(N-methylani l ino)pyridine 
hydrobromide  was the ma jo r  product  formed f rom (A) after  the  rupture  o f  the  
tetrazene l inkage,  and  3-methyl-2-phenyl imid~zo [ l ,2 -a ]  pyr imidine hydrobromide  
(F) was formed f rom (B). 

I ~  I K O D U C T I O N  

l , l ' -Azo imidazo  [ l ,2 -a ]  pyr idinium salts have been found  to  exhibit  non-  
depolar is ing neuromuscu la r  blocking activity 1" z as have o ther  tet~--azenes such as 
(A) 3. Fo r  some o f  these compounds ,  their  dura t ion  o f  act ion in m a n  is longer  than 
that  required o f  an  ideal muscle relaxant, whereas others,  a l though showing increased 
brevity_ o f  act ion,  suffer f rom decreased chemical  stability. This s tudy was under taken  
in order  to  examine,  for  two different types o f  tetrazene, thei r  thermal  stability, the  
way in which the water o f  crystallisation was lost, and to determine the compounds 
formed on their  decomposi t ion.  N o  previous T G  and  mass spectral studies o f  these 
types o f  tetrazene have been reported.  

E'gPERI ME~,'-I-AL 

The  decomposi t ion reactions were studied in an  a tmosphere  o f  ni trogen using 
a Stanton T G  750 thermobalance  with sample weimhts o f  abou t  5 mg conta ined  in 
plat inum crucibles, heat ing rates o f  2, 5, 10 and  20~C min - l  being used and,  in 
addi t ion,  some samples were  heated isothermally at  selected temperatures .  T h e  
infrared examinat ion o f  the start ing materials and  residues f rom various stages o f  
the decomposi t ions  was ca rded  out  using a Perkin-Elmer  377 spectrophotometer_ 
The  volatile f r a~nen t s  o f  the decomposi t ions  were studied using a Hitachi  R M U  6D 
mass spectrometer  with an electron impact  source which was coupled to the oven 
o f  an  FI  ! Perk/n-Elmer  gas- l iquid chromatom'aph.  The  mass spectra were recorded 
for each 10~C interval o f  tempera ture  rise up to 450°C. Hel ium was used as the 
carr ier  ~ Some mass spectr  9 were obta ined with direct  entry o f  the samples into 
the m a ~  spectrometer.  Samples  o f  compounds  (A) and  (13) were kindly supplied by 
E. E. Glover  and  D. Dough ty  who  quoted  the follovAng analyses. C o m p o u n d  (A): 
C, 48.7; H,  4.4; N,  14.2%. Ca/t-.: C, 48.7; H,  4.8; N,  14.2~o. C o m p o u n d  (13): C,  46.4; 
H, 4.2; N,  16.5~0. Calc.: C, 46.0; H, 4.5; N,  16.5%. 

coMPou~ (^) 

Results 
Figure 1 shows a typical T G  curve for  the decompos i t ion  o f  c o m p o u n d  (A). 

The  two molecules o f  ~ t t e r  present  were lost  in separate steps, the first by 90°C 
and  the ~7.ond by 180°C. As the water  was  lost the c o m p o u n d  changed  in co lour  
f rom yellow to deep orange and  was molten by 240°C. I R  examinat ion o f  samples 
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Fig. l.  Decomposition o f  l , l '-azo-4,4"-di(N-methy~nilino)pyridinium dibromide d ~ y d r ~ e  (A) and 
1, I :azo-3 ,3  "-din~thyl-2,2"-cfiphenylix~dazo[! ,2-o]pyrimidinimn ¢ h ' b ~  t e ~ y d ~  ~ ) .  Heating 
t a l e ,  |0"~C i ~ n  - l .  D y r l ~  ~ o f  i ~ ,  l 0  ¢~t~ 3 r n ~ n - l .  S t ~ t o n  T G  7 5 0  t l g r m o b a l a n ~ .  
..... , Compound  (A); . . . . .  -, compound  (B). 

heated to 250°C gave spectra identical with tha t  f rom c o m p o u n d  (A), except tha t  
peaks due  to the water  o f  crystallisation had  been removed.  Fur the r  heat ing gave a 
very rapid loss in mass in the tempera ture  range 250-320°C, the actual  t empera ture  
and  the  size o f  this step depending  on  the  heat ing rate. Visual examinat ion  o f  the  
residues a t  the end  o f  thi~ stage showed tha t  only traces o f  ca rbon  were  present,  and  
the  white  solid produced  gave an I R  spectra identical with tha t  o f  4-(N-methylanil ino)  
pyridine hydrobromide  ( compound  (C)). The  final par t  o f  the decompos i t ion  corre-  
sponded to  the volatil isation o f  ((2) a n d  separate experiments  on  pure  (C) showed 
tha t  it volatilised, wi thou t  cracking,  over  the same tempera ture  range. In  all cases, 
the a m o u n t  o f  ca rbon  formed as final residue was very small,  and  with slow heat ing 
rates the final residue was < 1 ~ o f  the original  mass. Table  1 shows th¢ mass spectra  
o f  the volatile f ragments  f rom four  selected regions o f  the decompos i t ion  o f  (A) 
corresponding  t o :  

I.  130~C, the loss o f  the water  molecules. 
2. 255°C, the b reakdown o f  c o m p o u n d  (A). 
3. 2g0°C, t h e  volatilisation o f  the  c o m p o u n d s  present  immedia te ly  after  the 

breakdown.  
4. 360°C, the final stages o f  the decomposi t ion.  
The  mae~s spectral  results are  in accord  with  those obta ined  by T G .  They  s h o w  

tha t  at  low temperatures  the  loss o f  water  was  th© mos t  impor tan t  decomposi t ion  
p r o c e ~  b u t  t ha t  some b reakdown  o f  the  tgttaz~n¢ also ~o¢o,_rred as indicated by the 
presence O f a s t rong peak. atmle 28, due  to  N2. Al/otht~_ ~ peaks  were  very weak  and  
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T A B L E  I 

MA~ ~ FROM "IHE ~ OF I . I  %AZO-4,4*-DI(t~I'HYL~'~I2~O)PYRIDi/~3UM DIBROMIDE 
cm~c~.A-rE (A) 

m[e Compo,.md ( A )  in oren o f  gas clu,omatograph coupled to m,,,'s_ spedrometer 
Temp. ( ~ c )  

13o 255 280 360 

14 
15 
16 
17 
18 
27 
28 
29 
30 
32 
38 
39 
40 
4.1 
42  
43 
44  

5 0  
51 
52  
53 
55 
56 
57 
63 
64 
65 
66 
74 
75 
76 
77 
78 
79 
8O 
84.5 
89 
90 
91 
91.5 
92_ 
93 
94 
95  

9 6  
I03  

2 3 
2 

3 
27 8 

1O0 28 

42 100 
5 
4 

15 5 

2 

3 2 
7 

-5 
2 
5 
2 
5 

4. 
7 4 
3 

25 17 
97 16 

5 4 
97 16 

5 
4 
5 
3 2 

11 10 
4. 
6 2 
3 
5 

26 7 
9 8 

31 31 
6 7 
2 2 
4 
2 
4 
5 5 
7 5 
6 7 
3 3 

2 
3 
3 

29 24 
18 -18 

5 5 
3 4 
5 '7 
3 3 
3 3 

12- 9 
3 
5 

2 
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Table I (comi~ued) 

role Compound (A)  in oren o f  ga$ chron~oSTaph coupled to nm~  xpectrometer 
Temg. (°C)  

130 255 280 360 

104 6 
105 5 
I06 5 
107 2 
114 2 
!15 7 
lY6 3 
117 
127 2 
128 3 
129 2 
130 2 
131 2 
140 4 
141 3 
142 2 
143 3 
154 5 
155 4 
158 4 
157 2 
168 5 
169 26 
170 9 
182 9 
183 19 
184 76 
185 100 
186 21 
264 21 
265 7 

19 
351 
352 
353 

5 
6 
6 

~3 
2 
7 
4 
2 
2 
3 

3 

3 
3 
3 
5 
4 
3 
4 
2 
2 

15 
8 
7 

17 
98 

100 
23 

3 

3 
2 
2 
2 

n o n e  w e r e  d e t e c t e d  wi th  role > 57. D u r i n g  t h e  b r e a k d o w n  o f  t he  c o m p o u n d  t h e  
e v o l u t i o n  o f  n i t r o g e n  was  p r e d o m i n a n t ,  al l  o t h e r  p e a k s  we re  smal l  c o m p a r e d  wi th  it ,  

a n d  n o n e  c o u l d  be  d e t e c t e d  wi th  role > 96.  A t  280 a n d  3 6 0 ° C  t h e  m _ o s t / n t e n ~  p e a k s  

were  a t  role 184 a n d  185, c o r r e s p o n d i n g  t o  t he  f ree  base  o f ( C ) ,  a n d  t o  its p r o t o n a t e d  

f o r m .  Sma l l  p e a k s  o f  e q u a l  s ize w i t h  role 264 a n d  266 were  ~ a l s o  p r e s e n t  d u e  t o  
c o m p o u n d  (C)  itself.  H o w e v e r ,  t h e  r e l a t ive  in tens i t ies  o f  s o m e  o f  t h e  pe~I¢~ ch~ngecl  

w i th  i n c r ~ q g  t e m p e r a t n r e ,  a n d ,  in  p a r t i c u l a r ,  t h e  p e a k  a t  role i 6 9  ari_~ng f r o m  

b o t h  ( D )  a n d  (C)  was  s t r o n g e r  a t  2 8 0 ° C  t h a n  a t  3 6 0 ° C .  

Smal l  p e a k s  w i t h  m / e  351, 352 a n d  353, poss ib ly  d u e  t o  c o m p o u n d ( E )  s t a r t e d  
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to  a p p e a r  a t  360=C. Al l  o f  t he  peaks  observed  can  be  expla ined  in term_~ o f  the  
b r e a k d o w n  pa t t e rn  i l lustrated in  Fig.  2. 

D i s ~ n  
Afte r  the  loss o f  t he  wate r  o f  crystal l isat ion,  c o m p o u n d  (A) d e c o m p o s e d  by  

rup tu r e  o f  t he  te t razene  l inkage a n d  c o m p o u n d  (C) was  p r e ~ n t  in the  p roduc t s  o f  
react ion.  T h e  fo l lowing po in t s  m u s t  be  no ted .  

( l )  T h e  f o r m a t i o n  o f ( C )  involves t he  m o v e m e n t  o f  a hyd rogen  a t o m  f r o m  one  
h a l f  o f  t he  molecule  o f  (A) to  the  o t h e r  half .  

(2) T h e  mass  o f  the  p r o d u c t  af'oer the  rup tu re  o f  the  te t razene l inkage  was  
a lways  greater  t han  t ha t  d u e  to  the  f o r m a t i o n  o f  I mo l  (C) /mol  (A). 

(3) T h e  loss in  mass  d u r i n g  the  rup tu re  was  m u c h  grea ter  t h a n  t h a t  d u e  to  

(c) (D) 
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Fig. 2. Eka:omposition of l,l'-azo-4,4"-di(N-methylanilino) pyridinhnrt dibromide dihydrate (A). 

nitrogen evolution alone, but no fragments o f  high molecular weight could be 
detected at  this point. 

(4) Very little carbon was formed during the rupture and the mass of  the final 
residue was very small. 

These facts can be explained on the assumption that one of  the N methyl 
groups is lost whilst the sample is molten immediately before the rupture o f  the 
tetrnTene linkage, and that  some of-the hydrogen a t o m s f r o m  thi~ group were used 
to form (C)_ Small peaks o f  equal intensity., with role 94 and 96, Corresponding to 
CH3Br, were present a t  this point i f i  the decomposition. I t  is possible that some 
4-anilinopyridine hydr0bromide (D) was also formed, but  it would not  have been 
detected by IR in t h e  presence of  (C). The volatiK~ation range of  (D) is not  known, 
but it is reasonable to assume t h a t i t  would be lower than ` tha t  o f  (C). Moreover the 
shape of  the T G  curve aRer the  rupture-of the tetmzene linkage is in agreement with 
the formation o f  both-(C) and  (D) since the volati!isation-range of  (C) agrees with the 
final-part o f  the T G  cttrve.-The m ~  specua ! results also indicate that (D) was 
formed in addition t o  (C) sinc~- t h e  relative intensity,ofthe~peaks With-role at 170, 
169 a n d  168 ~:werestrong~.r at!2g0,~C than~at360°C_ C o m p o u n d ( D )  islformed as one 
o f  the breakdown products o f ( C )  as shown-in F i g . ~ 2 . - A d d i t i o n a l ~ e v i ~ - f o r  the 
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loss o f  an N-methyl group during the rupture o f  the tetraTene linkage is shown by the 
presence of  peak~ with role 351,352 and 353, possibly due to (E), which was formed 
in small amounts. F/gure 2 shows that the initial stages in the breakdown o f  4-(N- 
methylanilino)pyridine hydrobromide (C) is either by the loss of  HBr or  o f  CH3Br- 
Subsequently, there was loss of  H C N  from the heterocyclic ring, followed by break- 
down of  the products formed. Since no peaks were detected with role 158, due to 
C6H81Br ,  nor with rn/e 108, due to 4-methylaminop)T/dine, it would appear that the 
rupture o f  the N - C t H s  bond plays only a minor role in the initial stages o f  the 
breakdown of  (C). 

co reom,x, (8) 

Results 
Figure 1 also shows a typical T G  curve for the decomposition o fcompound  (B). 

Some water was lost in the early stages but the amount  did not correspond to the 
four molecules presenL Between 250 and 2700C the compound decomposed rapidly 
without melting and considerable amounts o f  carbon were deposited. The infrared 
speetrnrn of  the sample immediately before the rapid decomposition was identical 
with that o f  (13), and afterwards was identical with that o f  3-methyl~-phenylimidazo 
['l,2-a] pyrimidiue hydrobromide (compound (F)). There was no further loss in mass 
until 340°C when (F) started to volatil/se. Separate experiments with pure (F) showed 
that it volat~i_-.ed, with the deposition of  carbon, over the same temperature range. 

Table 2 shows the mass spectra o f  the volatile fragments evolved from the oven 
of  the ~Lg chromatograph from three sta~es of  the decomposition of(B) corresponding 
to:  

1. 130~C, before the breakdown of(B).  
2. 250°C, the breakdown of(B).  
3. 405°C, the volanqisation of (F) .  

The results from the oven did not  show any peaks due to (F) itself o r  to its 
free base. This was undoubtedly due to condensation o f  (F) in the line between the 
oven and the mass spectrometer. Because of  this, the mass spectra o f  both (B) and 
the free base of  (F) were also obtained with direct entry o f  the samples into the m n ~  
spec~onleter. These results are also given in Table 2. 

The results agree with those obtained by TG, and show that a t  low temperatur~ 
the loss o f  water was the most important  process. During the rupture of  the tetrazene 
linka~v, the loss o f  nitrogen w~.s predominant,  though water continued to be evolved. 
Many othor po~k~ were present, and there was a particularly strong peak a t  role 105, 
but no peaks with m/e > 109 were observed. The mass spectra at  high temperatures 
can only be deduced satisfactorily from the results o f  direct en t ry  o f  the ~rnples  
into the spectrometer. The results show that (F) is t h c m a j o r  product  o f  the decom- 
position o f  03), and that the free base of  (F) only breaks down with difficulty in the 
spetaa-ometer. The fragments observed from the oven at  high temperatures m a y  
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TABLE 2 

s~Eu-w~ E~OM 3 - ~  DECOMPO~T~.~ o r  I , I ' - - A Z O - 3 , 3 " - D ~ - 2 , 2 " - ~ W a ~ ' Y t . e m D A Z O  [l,2.-a| 
]PYKIMIDL~'IUff~ DBBI~J3fbUDE IEI'RAli'~Dit.,ATE (a) &~'D OF ~I-MErHYL-2-P,HE~'YL.Ug[EDAZO [i  ~.-.a]PYmMIDE 

m[e Compound (B )  direct into Compound (B)  in oven Free base o f  
mas~ spectrometer o f  gas r~.romatograph Compozmd ( F) 

coupled to m a ~  
spectron~,,ter 

Temp ( ° C )  

I00 lit} 130 150 175 130 250 405 

4 3 4 
3 2 4 
3 4 22 

22 23 22 19 ~ i I 49 2 
100 I00  i00  79 2 I00 58 I00  I0  

5 2 2 5 
2 15 7 9 3 2 16 4 

13 30 48 98 19 72 100 74 i7  
2 13 9 11 2 4 4 4 

2 19 6 6 
3 2 

14 
15 
16 
17 
18 
26 

29 
32 
33 
36 
3"i 
3g 
39 
4O 
41 
42  
43 
44 
45 
46 
48 
5O 
51 
52 
52.5 
53 
54 
55 
56 
57 
58 
59 
6O 
61 
62 
63 
64 
65 
66 
6"/ 
68 

2 6 

2 4 
2 15 7 9 

4 2 
8 32 20 19 
2 4 5 6 

10 23 ~ 23 
2 4 3 6 

2 2 
2 

2 2 
5 3 9 
3 4 

6 3 6 
I0 4 4 

9 32 27 26 
4 15 I0 II 
13 22 29 2~ 

2 2 

2 

4 
3 

3 16 7 13 
2 9 5 6 

5 
7 2 
2 2 
2 2 
3 

4 
4 5 

5 
2 

3 2 
7 2 6 
6 

2 
8 

i 0  2 
5 

12 2 

3 

3 
2 
4 
4 
2 

2 

5 3 
21 6 

6 
12 13 
4 3 
9 13 

63 4 
5 
2 

15 
9 

19 3 
7 3 

4 

4 

4 

2 
2 
4 
9 

15 
5 
2 

4 
3 
13 
6 
17 

4 
3 
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Tab le  2 ( c o n t - - )  

m;e Compound (B)  ~rec t  into 
m a ~  xpecrroraeter 

Compound(B)  in oven 
o f  ga~ cltronm~ograpll 
coo.pled to ~ " 

spcctromefer 

Tentp ( ° C )  " 

10(7 110 130 150 175 130 250 405 

Free base o f  
Compound ( F) 

69 
70 
71 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82_ 
83 
83.5 
84 
85 
88 
89 
9O 
91 
91.5 
92 
93 
94 
95 
96 
97 
98 
99 

102 
I03 
103.5 
104 
104.5 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

9 20 18 19 3 
4 12 I0  9 2 
7 l I  16 13 2 

3 4 

2 
3 

2 7 7 13 iO 
4 2 4 2 
9 6 13 20 
5 5 15 24 

5 13 11 13 5 
2 9 10 13 i l  
6 12 14 13 10 

2 7 7 6 
4 5 10 9 

2 
3 

2 13 7 6 2 
4 2 

6 3 4 7 
5 3 4 2 
4 3 4 

4 9 10 11 
2 6 5 6 
6 9 11 13 
2 5 4 6 
2 2 2 

2 
2 6 9 

I1 13 
3 6 ? 

6 6 
2 7 8 21 4 

3 2 6 5 
3 2 4 
2 2 2 

3 5 6 6 
2 3 3 4 
4 5 7 6 
2 5 4 4 

2 3 4 
2 2 

5 3 6 6 

2 

2 

17 

2 

2 10 
6 
9 

2 
2 2 
2 
5 

I I  6 
15 
4 10 

10 
4 
4 

2 9 
4 
2 4 
2 6 

6 
6 

74 3 
4 

57 
12 
4 
6 
2 

2 4 
9 

6 4 
6 

6 6 
5 4 
2 

4 

4 

4 
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T a b l e  2 (con t inuFd)  

role 
m a ~  s p e c t r o m e t e r  o f  g a s  c h r o m a t o g r a p h  

.coaplr_d to  ~.~¢¢ 
- : r l~c~rrom~¢r  

Temp ~ ~c7 . . . . . . . .  : .  

100  ~ I I0  1 3 0  150  175  130  2 5 0  - 4 0 5  

2 2 2 4 
5 3 2 6 
2 2 -  

2 4 5 6 -- 4 
2 2 2 .- -. 
2 2 

2 
4 

Com~una ( F) 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
128 
129 
130 
131 
132 
133 
135 
137 
138 
141 
142 
149 
155 
156 
158 
160 
162 
166 
167 
168 
169 
170 
181 
182 
185 
206 
2O7 
208 
209 
210 
289 
291 

2 3 
2 

2 3 
4 
4 
2 
3 

2 
2 
2 
2 

3 4 
2 

2 2 

2 4 

2 
2 

2 11 
8 64 

12 100 
10 15 

2 

2 
2 
2 
4 
2 

2 
2 

4 
15 
61 

100 
27 

2 
2 

.4 
2 
2 

2 

4 
11 
35 
12 
2 

3 
9 

70 
100 

16 
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ei ther  be  b reakdown products  o f  (F) o r  may  arise f rom o ther  c o m p o u n d s  formed in 
low concentra t ions  dur ing  the rupture  o f  the tetr~Tene l inkage in (13). 

Discuss'on 
C o m p o u n d  (B) d id  no t  melt  and  dur ing  the rupture  o f  the tetrazene l inkage 

considerable cmoun t s  o f  carbon  were  produced.  One  hal f  o f  the  molecule  was 
dest royed dur ing the rupture  as indicated by the n u m b e r  o f  peaks on  the mass spectra 
and  those at  m[e 105 and 5~5,  probably  due  to 2-isocyanopyrimidine.  Less than  one  
mol(F)]mol(B) was formed.  The  hydrogen a tom required to stabilise the  o ther  ha l f  
o f  the molecule  as (l=-) v-as obta ined at  this point .  The  fact tha t  c o m p o u n d  (B) could  
only be partially dehydra ted  before the rupture  o f  the tetrazene l inkage would  imply 
that  the  v,~ter molecules present are  required to give stability to the  compound .  The  
mass spectra have confirmed that  (B) breaks down  into (F), water  and  ni t rogen as 
the main  products.  However ,  little informat ion  has been obta ined concerning the 
b reakdown o f (F ) .  The  expected route  o f  r ing expansion,  as observed in o ther  hereto-  
cyclic systems * -  s followed by the loss o f  e thyne f rom the unsubst i tuted pyrimidine 
ring, has not  been observed. 
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