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6      dimethyl - 4,4' - bipyridylium ion from the  aqueous solution of a
1,1' - dimethyl - 4,4'-     initial mixture.
bipyridylium salt was shown by analysis to be  25
EXAMPLE 16                   free of alcohol and cyanide ions, and the bi-
A de-oxygenated solution of methyl pyridin-  pyridylium ion content was the
same as in the 5  ium chloride (3.2 gms., 0.025 mole) in aqueous  original
mixture.     ethanol (50 ml) containing 20% by volume of            EXAMPLE
18     water was mixed with sodium cyanide (4.9    The initial procedure of
Example 16 was 30     g; 0.1 mole) under an atmosphere of nitrogen.
repeated to produce the deep-blue reaction     The mixture was heated under
reflux for 5  mixture. The mixture was cooled in an ice/ 10 hours.
water bath and then liquid sulphur dioxide       The resulting deep-blue
reaction mixture  (15 ml) was added to it. The resulting sus-     was
treated with excess ceric sulphate in dilute  pension was mixed with water
to yield an  35     sulphuric acid as oxidising agent to yield a  aqueous
solution containing a 1,1' - dimethyl-     1,1' - dimethyl - 4,4' -
bipyridylium salt in an  4,4' - bipyridylium salt, in an amount corres- 15
amount representing an overall reaction effi-  pending to a reaction
efficiency of 65% with     ciency of 65% with respect to methyl pyridin-
respect to methyl pyridinium chloride fed.     ium chloride fed.
EXAMPLE 19                   40                    EXAMPLE 17
The procedure of Example 16 was repeated       An acidic reaction mixture
containing 1,1'-  using ethanol containing various proportions 20  dimethyl
- 4,4' - bipyridylium ion, obtained as  of water. The effect of the water
content of the     in Example 16, was concentrated to one-  ethanol on the
reaction is shown in Table 1.     quarter of its original volume by
distillation  In each Example a 1,1' - dimethyl - 4,4' - bi-  45     under
atmospheric pressure. The resulting  pyridylium salt was produced.
TABLE I                        Water content (% v/v)       Reaction
efficiency (%)                                  0
54                                  10                            61
20                            65  



40                            38                                  60
13                      EXAMPLE 20                   cyanide relative to
methyl pyridinium ion. The       The procedure of Example 16 was repeated
results are shown in Table 2. 50 but using various molar proportions of
sodium                                              TABLE 2
Moles NaCN/mole MPC    Efficiency (%)
12                   63                                       4
65                                       2                    58
1                   45                            MPC represents methyl
pyridinium chloride         7
1,277,733                                       7                   EXAMPLE
21                  ethanol mixture. The results are summarised      The
procedure of Example 16 was repeated  in Table 3.
5    but using various volumes of the aqueous
TABLE 3                            MPC (moles/litre)     Efficiency (%)
0.31                  58  



0.50                  65                                   1.00
62                     EXAMPLE 22                  using a variety of
reaction periods. The results      The procedure of Example 16 was repeated
are summarised in Table 4.                 10
TABLE 4                            Reaction period (hrs)     Efficiency (%)
1             27                                    2 1/4
44                                   5                     65
9                     54                    EXAMPLE 23
[err] - propanol, iso - propanol, iso - butanol and  15      The procedure
of Example 16 was repeated  tert - butanol instead of ethanol. The results
using anhydrous and also aqueous mixture of  are shown in Table 5.
TABLE 5             Alcohol        Water Content (% v/v)       Efficiency
(%)                 [err]-propanol               0                       30
"              20                      52                iso-propanol
0                       17                                             20
54                 iso-butanol                  0                       20
20                      37                 tert-butanol                 0
9  



20                      33           8
1,277,733                                          8
EXAMPLE 24                    a 1,1' - dimethyl - 4,4' - bipyridylium salt
35       A solution of methyl pyridinium, chloride  in an amount
representing an overall efficiency     (2.80 g) in water (10 ml) was added
rapidly  of 94% based on methyl pyridinium chloride     to a stirred
mixture of sodium cyanide (4.9 g)  fed. 5  and sodium hydroxide (3.0 g) in
water (10                EXAMPLE 26     ml). The mixture was layered with
benzene    A solution of methyl pyridinium chloride  40     (60 ml) at room
temperature under an atmos-  (3.10 g) in water (10 ml) was added rapidly
phere of nitrogen. The mixture was heated to  to- a stirred solution of
sodium cyanide (4.9 g)     80[err] C. and the benzene layer (50 ml) which
and sodium hydroxide (3.0 g) in water (20 ml) 10 was shown by U.V.
spectroscopy to contain  at room temperature under an atmosphere of
1,1' - dimethyl - dihydro - 4,4'- bipyridyl  nitrogen. The mixture was
heated under re-  45     was collected after one half hour and oxidised
flux for two hours and then cooled. Liquid     by addition of an aqueous
solution of sulphur  sulphur dioxide (10 ml) was added to the violet
dioxide gas. The benzene withdrawn from   coloured  mixture and produced an
orange 15 the mixture was replaced by fresh benzene  coloured solution
which was found to contain     and further withdrawals and additions were
a 1,1' - dimethyl - 4,4' - bipyridylium salt in  50     made after periods
of 15, 30 and 60 minutes.  an amount representing an overall reaction
These were oxidised in  the manner described  efficiency of 84% based on
methyl pyridinium     above. The combined aqueous layers were  chloride
fed. 20 found to contain a 1,1' - dimethyl - 4,4' - bi-     pyridylium salt
in an amount representing an            EXAMPLE 27     overall reaction
efficiency of 53%  based on    Methyl pyridinium  chloride (3.0 g) and  55
methyl pyridinium chloride fed.          sodium  cyanide (4. g) were
reacted together                                                   in
dimethyl sulphoxide (80 ml) at 80[err] C. for 30
ExAMPLE 25                    minutes. The mixture was then cooled to room
25    A solution of methyl pyridinium chloride  temperature and poured into
a solution of the     (3.10 g) in water (10 ml) was added rapidly
oxidising agent (see Table 6) in dimethyl 60     to a stirred mixture of
sodium  cyanide (2.5  formamide (80 ml). After 30 minutes 2N     g) and
sodium hydroxide (1 g) in ethanol (40  aqueous sulphuric acid was added to
adjust     ml) at room temperature under an atmosphere  the pH to 1 and the
solution was then analysed 30 of nitrogen. The mixture was heated under re-
for a 1,1' - dimethyl - 4,4' - bipyridylium salt. 



flux for one half hour and then cooled. Liquid  In same cases (see Table 6)
either water (80  65     sulphur dioxide (10 ml) was added to-the violet
ml), solid  sodium  hydroxide pellets, or acetic     coloured mixture and
produced an orange  acid (10 ml) were added to the reaction mix-
coloured solution which was found to  contain  tures 5 minutes before
oxidation was effected.            9
1,277,733                                        9
TABLE 6                                    Equivalents
Reaction                                  of oxidising       Additional
efficiency           Oxidising Agent        agent                 reagent
*            Maleic anhydride           2             None
23                                       2            water
69                                       2            sodium hydroxide
61                                       2             acetic acid
55                                       6            none
65           Chloranil                2            none                  0
2            water                      50
4            none                       53           Alloxan
2             none                        3            monohydrate
2             water                     78
4.5          none                       63 



Indane Trione            monohydrate              2             none
65           m-dinitrobenzene           2             none
5                                       2            water
0                                       2             sodium hydroxide
59                                                    followed by
acetic acid                                       2             acetic acid
14           *based on methyl pyridinium chloride fed.
EXAMPLE 28                   dium hydroxide (1.0 g) and sodium cyanide  20
Methyl pyridinium chloride (3.0 g) and so-  (2.5 g) in ethanol (40 ml) at
room temperature     dium cyanide (4.9 g) were reacted together in  under
an atmosphere of nitrogen. The mixture 5  dimethyl sulphoxide (80 ml) at
80[err] C. for 30  was stirred at room  temperature for 30     minutes. The
mixture was then cooled and  minutes,  heated  under  reflux  for  30
toluene (200 ml) was added, followed by  minutes and then cooled. Chlorine
gas was  25     water (50 ml). The mixture was separated and  bubbled
through the resulting solution until     the toluene layer was oxidised in
a two phase  all trace of blue colouration had disappeared 10 system
comprising m - dinitrobenzene (10 g)  and 1,1' - dimethyl - 4,4' -
bipyridylium di-     in toluene (100 ml) and acetic acid (10 ml) in
chloride was produced. An aliquot of this mix-     water (100 ml) to yield
an aqueous phase con-  ture was then reduced in a buffer solution at 30
taining a 1,1' - dimethyl - 4,4' - bipyridylium   pH 9.2 by sodium
dithionate.     salt (7.7% of the bipyridylium cation) free   The solution
was analysed and the reaction 15 from cyanide ions and an organic phase
con-  efficiency as determined by spectrophotometry     taining unchanged m
- dinitrobenzene.    was 95% in respect of the 1,1' - dimethyl -
EXAMPLE 29                   4,4' - bipyridylium salt, based on pyridinium
35       Methyl pyridinium  chloride (3.1 gm) in  salt fed.     water (10
ml) was added to a mixture of so-         



10                                      1,277,733
10                      EXAMPLE 30                    ml). This toluene
layer was oxidised by sul-       Methyl pyridinium  chloride (3.1 gm) in
phur dioxide to yield a 1,1' - dimethyl - 4,4'-     water (10 ml) was added
to a mixture of so-  bipyridylium salt (efficiency 10%). The resi-     dium
hydroxide (3.0 g) and sodium cyanide  dual aqueous layer was found to
contain only  35 5  (4.9 g) in water (20 ml) at room tempera-  2% of the
bipyridylium salt after oxidation.     ture under an atmosphere of
nitrogen. The  The total overall reaction efficiency was 77%.     mixture
was stirred at room temperature for             EXAMPLE 32     30 minutes,
heated under reflux for two hours    Methyl pyridinium chloride (3.0 g) in
water     and then cooled. Chlorine gas was bubbled (10 ml) was added to a
solution of sodium  40 10 through the solution until all traces of blue
hydroxide (3.0 g) and sodium cyanide (4.9 g)     colouration had
disappeared and 1,1' - di-  in water (30 ml) at room temperature under
methyl - 4,4' - bipyridylium dichloride was  an atmosphere of nitrogen. The
mixture was     produced. An aliquot of this mixture was then  stirred at
room temperature for 30 minutes,     reduced in a buffer solution at pH 9.2
by  heated to reflux temperature over a period  45 15  sodium  dithionate,
and the efficiency was  of 30 minutes and then heated under reflux
found to be 73% by spectrophotometry.     for (two hours. The reaction
mixture was then                     EXAMPLE 31                    cooled
and treated by one of two procedures A       Methyl pyridinium chloride
(6.2 g) in water  or B.     (20 ml) was added to a mixture of sodium   A.
The reaction mixture was diluted to 500  50 20  hydroxide (6.0 g) and
sodium cyanide (9.8 g)  ml with deoxygenated water and the resulting     in
water (40 ml) at room temperature under  aqueous suspension was filtered.
Portions of     an atmosphere of nitrogen. The mixture was  the solid so
produced were oxidised to yield a     stirred at room temperature for 30
minutes,  1,1' - dimethyl - 4,4' - bipyridylium salt by     heated under
reflux for two hours and then  a number of reagents (see Table 7). In each
55 25  cooled. Toluene (500 ml) was added and the  case 0.263 g of solid
was reacted with a solu-     mixture partitioned. The toluene layer was
tion of the oxidising agent (1 g) under nitro-     oxidised by sulphur
dioxide to yield a 1,1'-  gen. After 5 minutes acetic acid (1 ml) was
dimethyl - 4,4' - bipyridylium salt (efficiency  added and the mixture was
diluted with water     65%). The aqueous layer was treated with 2N  to 100
ml. The filtrate was oxidised with sul-  60 30  sodium hydroxide (25 ml)
and sodium dithion-  phur dioxide and  yielded a further quantity     ite
(2 g) and repartitioned with toluene (15  of the bipyridylium  salt
TABLE   7                      Oxidising Agent                 Solvent
Efficiency                m-dinitrobenzene             dimethyl formamide
99                Maleic anhydride/HOAc      dimethyl formamide
87 



Potassium ferricyanide     water                             96
Ceric sulphate             1N H[err]SO[err]                  85       B.
The reaction mixture was extracted by  (1 g) and sodium cyanide (2.5 g) in
80% 65  toluene (250 ml). The aqueous layer was re-  aqueous ethanol (50
ml) treated in the same     moved and oxidised by sulphur dioxide to yield
manner as in Example 32 but heated under re-     a 1,1' - dimethyl - 4,4' -
bipyridylium salt  flux for 30 minutes only, yielded by method A  85
(15%). Portions of the organic phase were  74% and 20% of a 1,1' - dimethyl
- 4,4'-     oxidised using sulphur dioxide or m - dinitro-  bipyridylium
salt from the solid and filtrate 70  benzene. In the latter case oxidation
was -car-  respectively, and by method B where water (50     ried out in a
two-phase system comprising  ml) was also added before separation, 45%
m - dinitrobenzene (10 g) in toluene (100 ml)  and 42% from the aqueous and
toluene phases  90     and acetic acid (10 ml) in water (100 ml) to
respectively.     yield an aqueous phase containing 69% of the
EXAMPLE 34 75  bipyridylium salt and an organic phase con-   A reaction
mixture comprising, methyl pyrid-     taining unchanged m - dinitrobenzene.
In each  inium chloride (3.0 g) and sodium cyanide (4.9     case A or B
free cyanide ions could not be  g) in dimethyl sulphoxide (80 ml)
maintained  95     detected in the final solutions.          at 80[err] C.
for 30 minutes, yielded by method                     EXAMPLE 33
A of Example 32, 30% and 62% of a 1,1'- 80    A  reaction mixture
comprising methyl  dimethyl - 4,4' - bipyridylium salt from the
pyridinium chloride (3.0 g), sodium hydroxide  solid and filtrate
respectively, and by method                 11
1,277,733                                          11       B, where water
(80 ml) was added before    18. A process as claimed in any one of the  65
separation, 15%  and 77%  from the aqueous  preceding claims wherein the
reaction is car- 



and toluene phases respectively.               ried out under an inert
atmosphere.        We are aware that in Tetrahedron Letters    19. A
process as claimed in any one of the  5  No. 24 pp 2313-2315 (1967) there
is des-  preceding claims wherein the reaction is car-     cribed the
reaction of ethyl pyridinium bro-  ried out in the presence of an added
base.  70     mide with cyanide ion in water solution under    20. A
process as claimed in claim 19 where-     forcing  conditions  (prolonged
heating  at  in the added base is an alkali metal hydroxide.     100 C.) in
the absence of an added base to    21. A process as claimed in claim 20
where- 10  produce a biologen cation radical. We hereby  in the alkali
metal hydroxide is sodium hy-     disclaim a process for the manufacture of
a  droxide.                                        75     1,1' -
disubstituted - 4,4' - bipyridylium salt    22. A process as claimed in any
one of the     comprising this reaction.                      preceding
claims wherein there is employed at
least 0.25 mole of the cyanide per mole of the        Subject  to  the
foregoing  disclaimer,  pyridinium salt. 15    WHAT WE CLAIM IS: -
23. A process as claimed in any one of  80        1. A process for the
manufacture of a 1,1'-  claims 4 to 22 wherein the reaction is carried
disubstituted - 4,4' - bipyridylium salt where-  out in the presence of a
solvent for the pyrid-     in each of the substituents is an organic sub-
inium salt and the concentration of the pyrid-     stituent which is inert
under the reaction con-  inium salt is from 0.1 to 2 moles per litre. 20
ditions and contains up to 10 carbon atoms    24. A process as claimed in
claim 23 where-  85     which comprises reacting an N - substituted  in the
concentration of the pyridinium salt is     pyridinium  salt with a cyanide
under basic  about 0.5 mole per litre.     conditions and  subsequently
oxidising the   25. A process as claimed in any one of the     resulting
interaction product to produce the bi-  preceding claims wherein the
oxidation of the 25  pyridylium salt.
interaction product is carried out under acidic  90        2. A process as
claimed in claim 1 wherein  conditions.     the cyanide is an alkali metal
cyanide.       26. A process as claimed in claim 25 where-        3. A
process as claimed in claim 2 wherein  in the oxidation is carried out at a
pH of from     the cyanide is sodium cyanide.                 4 to 6. 30
4. A process as claimed in claim 1, 2 or 3   27. A process as claimed in
any one of the  95     wherein the pyridinium salt is reacted with the
preceding claims wherein the interaction pro-     cyanide in the presence
of a solvent for the  duct is oxidised by means of air.     pyridinium
salt.                                 28. A  process as claimed in any one
of        5. A process as claimed in claim 4 wherein  claims 1 to 26
wherein the interaction product 35  the solvent is an aqueous medium.
is oxidised by means of an oxidising agent 100        6. A process as
claimed in claim 5 wherein  which is an electron acceptor and which has a
the solvent is water.                          redox potential in water
more positive than        7. A process as claimed in claim 5 wherein  -0.50
volt as compared with the saturated     the solvent is a mixture of water
and an  calomel electrode. 40  alcohol.
29. A process as claimed in claim 27 where- 105        8. A process as
claimed in claim 7 wherein  in air is employed in conjunction with water.
the alcohol has a boiling point not greater    30. A process as claimed in
claim 27 or 29     than 100[err] C.                               wherein
air is employed in conjunction with an 



9. A process as claimed in claim 7 or 8  acid. 45  wherein the alcohol is
an aliphatic alcohol.   31. A process as claimed in claim 28 where- 110
10. A process as claimed in claim 9 wherein  in an inorganic oxidising
agent is employed.     the alcohol is an alkanol.                       32.
A process as claimed in claim 31 where-        11. A process as claimed in
claim 10 where-  in the oxidising agent is a metal salt.     in the alcohol
is ethanol.                       33. A process as claimed in claim 32
where- 50    12. A process as claimed in any one of  in the oxidising agent
is ceric sulphate.      115     claims 7 to 11 wherein the solvent contains
34. A process as claimed in claim 31 where-     from 5 to 50% by volume of
water.           in the oxidising agent is an inorganic oxyacid       13. A
process as claimed in claim 12 where-  anhydride.     in the solvent
contains less than 40%  by      35. A process as claimed in claim 34 where-
55  volume of water.                               in the inorganic oxyacid
anhydride is sulphur 120        14. A process as claimed in claim 4 where-
dioxide.     in the solvent is a polar aprotic solvent     36. A process as
claimed in claim 31 where-       15. A process as claimed in any one of the
in the oxidising agent is chlorine.     preceding claims wherein the
reaction is car-    37. A process as claimed in claim 28 where- 60  ried
out at a temperature of less than 150[err] C.  in an organic oxidising
agent is employed.  125        16. A process as claimed in claim 15 where-
38. A process as claimed in claim 37 where-     in the temperature is from
25[err] C. to 120[err] C.   in a quinone is employed.       17. A process
as claimed in claim 16 where-    39. A process as claimed in any one of the
in the temperature is from 40[err] C. to 90[err] C.   preceding claims
wherein the interaction pro-          1
1,277,733     B. where water (80 ml) was added before    18. A process as
claimed in any one of the  65     separation, 15%  and 77%  from the
aqueous  preceding claims wherein the reaction is car-     and toluene
phases respectively.              ried out under an inert atmosphere.
We are aware that in Tetrahedron Letters    19. A process as claimed in any
one of the 5  No. 24 pp 2313-2315 (1967) there is des-  preceding claims
wherein the reaction is car-     cribed the reaction of ethyl pyridinium
bro-  ried out in the presence of an added base.  70     mide with cyanide
ion in water solution under   20. A process as claimed in claim 19 where-
forcing  conditions  (prolonged  heating  at  in the added base is an
alkali metal hydroxide.     100[err] C.) in the absence of an added base to
21. A process as claimed in claim 20 where- 10  produce a biologen cation
radical. We hereby  in the alkali metal hydroxide is sodium hy-
disclaim a process for the manufacture of a  droxide.
75 



1,1' - disubstituted - 4,4' - bipyridylium salt    22. A process as claimed
in any one of the     comprising this reaction.
preceding claims wherein there is employed at
least 0.25 mole of the cyanide per mole of the       Subject  to  the
foregoing  disclaimer,  pyridinium salt. 15    WHAT WE CLAIM IS:-
23. A process as claimed in any one of  80       1. A process for the
manufacture of a 1,1'-  claims 4 to 22 wherein the reaction is carried
disubstituted - 4,4' - bipyridylium salt where-  out in the presence of a
solvent for the pyrid-     in each of the substituents is an organic sub-
inium salt and the concentration of the pyrid-     stituent which is inert
under the reaction con-  inium salt is from 0.1 to 2 moles per litre. 20
ditions and contains up to 10 carbon atoms    24. A process as claimed in
claim 23 where-  85     which comprises reacting an N - substituted  in the
concentration of the pyridinium salt is     pyridinium  salt with a cyanide
under basic  about 0.5 mole per litre.     conditions and  subsequently
oxidising  the  25. A process as claimed in any one of the     resulting
interaction product to produce the bi-  preceding claims wherein the
oxidation of the 25  pyridylium salt.
interaction product is carried out under acidic  90       2. A process as
claimed in claim 1 wherein  conditions.     the cyanide is an alkali metal
cyanide.       26. A process as claimed in claim 25 where-       3. A
process as claimed in claim 2 wherein  in the oxidation is carried out at a
pH of from     the cyanide is sodium cyanide.                4 to 6. 30
4. A process as claimed in claim 1, 2 or 3   27. A process as claimed in
any one of the  95     wherein the pyridinium salt is reacted with the
preceding claims wherein the interaction pro-     cyanide in the presence
of a solvent for the  duct is oxidised by means of air.     pyridinium
salt.                                28. A process as claimed in any one of
5. A process as claimed in claim 4 wherein  claims 1 to 26 wherein the
interaction product 35  the solvent is an aqueous medium.              is
oxidised by means of an oxidising agent 100       6. A process as claimed
in claim 5 wherein  which is an electron acceptor and which has a     the
solvent is water.                         redox potential in water more
positive than       7. A process as claimed in claim 5 wherein  -0.50 volt
as compared with the saturated     the solvent is a mixture of water and an
calomel electrode. 40  alcohol.                                         29.
A process as claimed in claim 27 where- 105        8. A process as claimed
in claim 7 wherein  in air is employed in conjunction with water.     the
alcohol has a boiling point not greater    30. A process as claimed in
claim 27 or 29     than 100[err] C.                              wherein
air is employed in conjunction with an        9. A process as claimed in
claim 7 or 8   acid. 45  wherein the alcohol is an aliphatic alcohol.   31.
A process as claimed in claim 28 where- 110        10. A process as claimed
in claim 9 wherein  in an inorganic oxidising agent is employed.     the
alcohol is an alkanol.                       32. A process as claimed in
claim 31 where-        11. A process as claimed in claim 10 where-  in the
oxidising agent is a metal salt.     in the alcohol is ethanol.
33. A process as claimed in claim 32 where- 50    12. A process as claimed
in any one of  in the oxidising agent is ceric sulphate.     115     claims
7 to 11 wherein the solvent contains   34. A process as claimed in claim 31
where-     from 5 to 50% by volume of water.             in the oxidising
agent is an inorganic oxyacid 



13. A process as claimed in claim 12 where-  anhydride.     in the solvent
contains less than 40%  by       35. A process as claimed in claim 34
where- 55  volume of water.                              in the inorganic
oxyacid anhydride is sulphur 120        14. A process as claimed in claim 4
where-  dioxide.      in the solvent is a polar aprotic solvent     36. A
process as claimed in claim 31 where-        15. A process as claimed in
any one of the  in the oxidising agent is chlorine.     preceding claims
wherein the reaction is car-   37. A process as claimed in claim 28 where-
60  ried out at a temperature of less than 150[err] C.  in an organic
oxidising agent is employed.  125        16. A process as claimed in claim
15 where-   38. A process as claimed in claim 37 where-      in the
temperature is from 25[err] C. to 120[err] C.   in a quinone is employed.
17. A process as claimed in claim 16 where-   39. A process as claimed in
any one of the      in the temperature is from 40[err] C. to 90[err] C.
preceding claims wherein the interaction pro-            12
1,277,733                                          12       duct is
oxidised without first being isolater    56. A process as claimed in claim
55 where-      from the reaction mixture.                     in the
reduction is effected by treating the        40. A  process as claimed in
any one of  liquid with sodium dithionite.      claims 1 to 38 wherein at
least a part of the  57. A process as claimed in any one of the  5
interaction product is separated from the re-  preceding claims wherein
after oxidisation of  70      action mixture prior to the oxidation.
the interaction product to the bipyridylium        41. A process as claimed
in claim 40 where-  salt, the mixture contains free cyanide ions      in
the reaction is carried out in the presence  and the bipyridylium cation is
separated from      of water and the resulting solid interaction pro-  the
free cyanide ions.  10  duct is isolated by filtration.
58. A process as claimed in claim 57 where-  75        42. A process as
claimed in claim 40 where-  in the reaction mixture is treated with amsonic
in the reaction is carried out in the presence of  acid to precipitate the
bipyridylium cation in      water and the resulting solid interaction pro-
the form of the bipyridylium salt of amsonic      duct is isolated by
solvent extraction.      acid. 15    43. A process as claimed in claim 40
where-    59. A process as claimed in claim 58 where-  80      in the
reaction is carried out in the presence of  in the amsonic acid is used in
the form of an      a substantially anhydrous aprotic solvent and  aqueous
solution of one of its water-soluble      water is added to the resulting
solution to pre-  salts.      cipitate at least a part of the interaction
pro-  60. A process as claimed in claim 59 where- 20  duct as a solid.
in the water-soluble salt is an alkali metal salt.  85 



44. A process as claimed in claim 40 where-  61. A process as claimed in
claim 58, 59,      in the reaction is  carried out in the presence of  or
60 wherein the treatment with amsonic acid      a substantially anhydrous
aprotic solvent and a  is carried out at a pH  in the range 7 to      base
is added to the resulting solution to pre-  12. 25  cipitate at least a
part of the interaction pro-  62. A process as claimed in claim 57 where-
90      duct as a solid.                               in the bipyridylium
cation is separated from        45. A  process as claimed in claim  44
free cyanide ions in the reaction mixture by     wherein the base is sodium
hydroxide.        means of an ion-exchange resin.        46. A  process as
claimed in  claim  40      63. A process as claimed in claim 62 where- 30
wherein the reaction is carried out in the pre-  in a cation-exchange resin
is employed.  95     sence of a substantially anhydrous aprotic sol-   64.
A process as claimed in claim 57 where-     vent and an organic acid is
added to the result-  in free cyanide ions are removed from the re-     ing
solution to precipitate at least a part of the  action mixture by
acidifying the reaction mix-     interaction product as a solid.
ture and heating the acidified mixture to re- 35    47. A  process as
claimed in claim  46  move hydrogen cyanide gas.
100     wherein the acid is acetic acid.                  65. A process as
claimed in claim 64 where-        48. A  process as claimed in any one of
in a mineral acid is employed to acidify the     claims 43 to 47 wherein
the solid is isolated  reaction mixture.     by filtration.
66. A process as claimed in claim 64 where- 40    49. A  process as claimed
in any one of  in an organic acid is employed to acidify the  105
claims 43 to 47 wherein the solid is isolated by  reaction mixture.
solvent extraction.                               67. A process as claimed
in claim 66 where-        50. A process as claimed in claim 42 or 49  in
acetic acid is employed.     wherein the solvent used to extract the solid
68. A process as claimed in claim 64 where- 45  is a hydrocarbon.
in sulphur dioxide is employed to acidify a  110        51. A process as
claimed in claim 50 where-  reaction mixture.     in the solvent is an
aromatic hydrocarbon.      69. A process as claimed in claim 59 where-
52. A process as claimed in claim 51 where-  in a reagent is added to the
reaction mixture     in the solvent is toluene.                     which
forms a complex salt with free cyanide 50    53. A process as claimed in
any one of  ions.                                                115
claims 42 and 49 to 52 wherein the solvent    70. A process as claimed in
claim 69 where-     extraction is carried out at a temperature of  in the
reagent comprises ferric or ferrous ions.     from 0[err] C. to 100[err] C.
71. A process as claimed in claim 70 where-       54. A process as claimed
in any one of  in the reagent is a ferric or ferrous salt. 55  claims 42
and 49 to 53 wherein the liquid    72. A process as claimed in any one of
120     phase remaining after removal of the solid  claims 57 to 71 wherein
separation of the bi-     contains a portion of the interaction product
pyridylium cation from free cyanide ions is car-     and this portion is
oxidised directly to the bi-  ried out at a temperature of from 0[err] C.
to     pyridylium salt.                               100[err] C. 60    55.
A process as claimed in any one of    73. A process as claimed in any one
of the  125     claims 42 and 49 to 53 wherein the liquid  preceding claims
wherein the N-substituted     phase remaining after removal of the solid
pyridinium salt is an N-alkyl pyridinium salt 



contains a portion of the interaction product  wherein the alkyl group
contains up to 10 car-     and this portion is reduced to yield a further
bon atoms. 65  quantity of a solid.                              74. A
process as claimed in claim 73 where-  130        13
1,277,733                                          13     in the alkyl
group contains from 1 to 4 car-    79. A process as claimed in any one of
bon atoms.                                    claims 73 to 78 wherein the
N-substituted py-       75. A process as claimed in claim 74 where-
ridinium salt is an N-subsittuted pyridinium   20     in the N-substituted
pyridinium salt is an N-  chloride. 5  methyl pyridinium salt.
80. A process for the manufacture of a 1,1'-       76. A process as claimed
in any one of  disubstituted - 4,4' - bipyridylium salt where-     claims 1
to 72 wherein the N-substituted  in each of the substituents contains up to
10     pyridinium  salt is  an  N-carbamidoalkyl  carbon atoms
substantially as described in any  25     pyridinium  salt where the
carbamidoalkyl  one of the Examples. 10  group contains up to 10 carbon
atoms.           81. A 1,1' - disubstituted - 4,4' - bipyridyl-       77. A
process as claimed in claim 76 where-  ium salt wherein each of the
substituents con-     in the N-substituted pyridinium salt is an N-  tains
up to 10 carbon atoms whenever manu-     carbamidomethyl pyridinium salt.
factured by the process as claimed in any one  30       78. A process as
claimed in any one of  of the preceding claims. 15 claims 75 to 79 wherein
the pyridine nucleus of     the N-substituted pyridinium salt has at least
P. B. TUNNICLIFFE     one alkyl group in the 2-, 3-, 5- or 6-position.
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