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Chemical House, M

British Company, d m
vention, for which we pray that aﬁatent may
be granted to us; and the methdd)by which
performed,t be particularly de-
scn‘bedmandbythefollowmgstaﬁement —_—

This invention relates to the manufacture of

bipyridylium saits and particularly to a pro-
cess for the manufacture of 1,1’-disubstituted-
4, ::.upyndyhum salts which are useful herbi-

Aocordmgmﬂ:epresentmvumonwepro-

vide a process for the manufacture of 1,1’--

disubstituted-4,4’-bipyridylium salts wherein
each of the substituents is an substitu-
ent other than phenyl, which is inert under the
reaction conditions and contains up to 10 car-
bon atoms which comprises reacting an N-
substituted pyridinium salt with a cyanide
under basic conditions: and = subsequently
oxidising the resulting interaction product to

produce the ‘bipyridylium salt, provided that

when" an N-methyl pyridinium salt i$ reacted
the reaction is carried ut in 2 solvent compris-
mganalcoholormasolvenx(othu'ttmn
aqueous acetone) compnsmg a polar aprotic
solvent. The cyanide is preferably an aikali
metal cyanide, riotably sodium cyanide.

The reaction can be carried out simply by
m:xmgtherengentsandheatmg the mixture if
. .,,7 ih' S L

".. -'_,'.}'W

obtalnéd‘ag“UT'mﬂter

i n Exanpl 8 )1 quaﬁﬁ?ﬁﬂ %. gi nas
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Examples of organic soh;ﬁzsm
P
may be used are cthers and thioethefslfor ex-
ample tetrahydrofuran, 1,2-dimethoxyethane,
bis-(2-methoxyethyl) ether, 1.4-dioxane and
thiophene, ketones, for example acetone; hy-
drocarbons, for example benzene, toluene,
xylene and hexane; organic bases, for exampie
pyridine; halogenated hydrocarbens and pas-

. ticularly - chlorinated hydrocarbons, for ex-

‘ample chlorobenzene, ¢ carbon
tetrachloride  and  methylene dichloride;
amides, particularly tertiary alkylamides, for
example dimethylformamide; sulphoxides, for
example dunethyl sulphondz for
example ; nitriles, for example
acetonitrile; alcohols, for example ethanol;
nitro for example nitropropane;
and alkyl carbonates and sulphates, for ex-

ample propylcne carbonate and dimethyl sul-
aprotic solvents, especially &-
suitable
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13 EXAMPLE 20 cyanide relative to

net @1 pyridiniumion. The The procedure of Exanple 16 was repeated

res@ts aresshown in Table 2. 50 but various nol ar proportions, of

Mol g NaCN/ o /hpdrogptis alcohélf spesialiyn ety al(m% al- base is a1,1” - disubstituted - 1,1 - dihydro- S

12 though aromagigor cycloaliphatic alcohols may - 4,4’ blpyndyl. 4 ical i
cri G

be used if desired. We prefer to employ

65 - - alcohols of boiling point less than 100°C at

1 5 atmosphericd for example ethanol.
pyr @i ni um Ch|1\@;tp@eof tWo or more7alcohols with water = cyanide are used per mole of the pyridinium

733 be used if desu'ed, salt, 1 to4-}no in the presence of an added v \\p| E

1
Eﬂ‘“ ra;:d alcoho bﬁ%@ ro@%ﬂ &de%e‘eés of 4_ molesm > absence

The amount of the cyanide 1s
Zalthough we prefer to employ an of this &
reagent. PrefethRCar Eﬁf B.Siaﬁi)lﬁ ofrieieh y7 o §

of the 1he

dure. db Himmpuhnﬂ dvﬁ foﬁmyrppkalmedcoholﬁ

t | ngraiEn. wnset
but 4si nEp el SR, S e
‘the reaction and henee of
o _pyridylium sal®Q@re obtained. Although the
15 preferred range of water contents may vary
slightly. for different alcohols we have found
that in general mixtures are which

contain from 5% to 50°% by volume and

especially from 109, to 25%, by volume of

20 water. In general the amount. of water in the

mixture is preferably less than 40% by weight

and especially is not more
weight.

The preferred water contents mentioned

25 above are intended only as a guide and it is

to be understood that there is a particularly”

preferred water content for each alcohol in
the mixture, Thus the preferred water content
when ethanol or isopropanol is used as the sol-
30 vent is from 15%, to 40%, by volume, especi-
ally about 20% by volume, but if methanol
is used, 20%, of water gives results inferior to

using methanol alone. It is also to be under-

stoodthatﬂlepreferredwanerconnentsmen-
35 tioned above refer to reaction media which do
not contain an added base such as sodium

“+  'hydroxide and may be dlﬂerent if such a base-_

is present. -

- . The temperature at which the reaction is
40 carried out is not critical although in some
cases it is greatly advantageous to heat the
reaction mixture. In general the reaction may
‘be carried out at'a temperature from 25°C to
120°C, preferably from 40°C to 90°C. Tem-
45 peratures above 150°C should in general be
avoided. Usually the reaction w:ll be camed

out under an inert atmosphere. . -
The reaction is carried out lmder basic con-
ditions preferably, but not necessarily, in'the
50 presence of an added base. A strong base is
. d, for example .an alkali -metal
- - hydroxide (notably sodium *hydroxide), al-
ammonium hydroxide or an organic
amine may be used. In protic solvents, for

55 example aqueous media, the addition of a base_

is desirable in that higher yields of the.desired

"by ‘achieved. In’ alcohols or polar aprotic sol-
vents, for example anhydrous-dimethyl sulph-
09 oxide the addition of 2 separate base may not
be essential since the cyanide may itself be
sufficiently basic under the reaction conditions.
A separate base may, however, be added in
such cases if desired. Tbeptoductofthereac—
65 uonmthepreeenceorabsemeofanadded

than 25% by
'cessofwnmenuonwhxehhasanmert(le

. ine nucleus. The

produetandfasterramsofreacuonarethere—'

Tpeidistiunm salt in cases where it is employed

%@y form of a solution will depend

5

mmm(%

sxmpleexpenment.ln general, however, con-
centrations of from 0.1 to 2.0 moles per litre
and especially about 0.5 mole per litre are

“suitable: By way of example the optimum

concentration. of methyl pyridinium ion in a
water/éthanol (20%, v/v water) mixture is

_ about 0.5 mole per litre.

Any N-substituted pyridinjum salt may be
converted to a bipyridylium salt by the pro-

inert under the reaction conditions) organic N-
substituent containing up to 10 carbon atoms,
and particularly suitable salts are those having
an alkyl or a carbamidoalkyl substituent, and
especially a methyl or a carbamidomethyl
substituent, on the nitrogen atom of the pyrid-
1 substituent
has_ the formula ~—R;~CO~—NR;R, wherein
R, is.a hydrocarbon radical (especially the

methylene radical) and R, and R are hydro-

carbon or substituted hydrocarbon radicals and
R,andR..may,togethermthﬂleattached
nitrogen atom make up a heterocyclic ring.

. The salt is convéniently a halide and especially
-a chloride salt, though the anionic species is

not critical and other salts may be used, if

 desired. The pyridine nucleus may be substi-

tuted, by an -organic substituent, for example
byoneormorealkyl groups in the 2-, 3-, 5-
and 6-positions, but the 4-position preferably

80

100

should be unoccupied. In the case of an N- -

. alkyl pyndlmum ‘'salt the alkyl group prefer-

ably contains from 1 to 4 carbon atoms.
The interaction product derived from the

- pyridinium salt and the cyanide is readily

oxidised to - the co 1,1"-disubsti-
tuted-4,4/-bipyridylium salt by treatment with
air or with an oxidising agent which is an

 electron acceptor and has a redox potential in

water more. positive than —0.50 volts as
compared with the saturated calomel electrode.
Examples of suitable oxidising agents are ceric
sulphate (in dilute sulphlme acid); metal salts,
especially ‘the halides; inorganic oxyacid an-
hydndes, eﬁeqally sulphur dioxide; chlorine;
bly in conjunction with water and/

or catbon dioxide and/or an acid for example
aceglc acid or ﬁphune pltad’ and :;g;nm
oxidising agents for example quinomes as
chloranil and anthraquinoné.

The oxidation is advantageously carried out
under. acidic conditions, the apparent pH of
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EXAMPLE 22
The results
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using a variety of

The procedure of Exanple 16 was repeated
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of example Hegdction is carn dition urry simifar ftg
pl L‘E" S 10 ﬁ”ﬁétzrw m umtoo Iqgmmed % nmal, reaction is carned out in
1 uctlsmthe a protic solvent. The temper: amreoftlustreat—
oncen- fin of a slurry of a brown solid prec1 ment can be from 0°C|n$ @00 CO
ed(Qby in a soluuon which is usuallz blue in colour. from 20°C to 50°C. The solid and hqmd
5 aop- Itis t%eg}gqeracnon product may  phases ofjthe slurry can be treated as described
;T % 80 15 be preset in 7hq phase in addition to lécz t over the intermediate reaction
re the solid phase. 3t/ in the other hand, the reac- (phoktact, OFhe Spridlace obtained as a result of
tinfdm tion is carried out in a polar aprotic solvent, the treatment is easxly oxidised with a greater
1in a notably dimethyl sulphoxide, the intermediate  variety of oxidising agents than is the solution
ure is reaction product is in the form of a solution, prior to the treatment. The solid obtained as a
8 20 usually coloured brown. - result of adding water or a base to the solution
1ay be : The intermediate reaction product can be of the intermediate reaction isa 1,1’-
z pro- oxidised directly without isolation from the disubstituted-1,1’-dihydro-4,4’-bipyridyl. '
t (e mixture in which it has been p: . How- As hereinbefore explained it may be neces-
iic N- ever, if this product is oxidised directly the sary to separate the final bipyridylium salt
itoms, 90 25 final bipyridylium salt is impure and requires from free cyanide ions in the reaction mixture,
1aving to be purified. In particular the bipyridylium  for example if the intermediate reaction pro-
t, and salt so obtained contains free cyanide ions and  duct is oxidised without first isolating it from
nethyl these anions may react with the bipyridylium the intermediate reaction mixture. The separa-
pyrid- cation so reducing the yield of the salt. tion can be carried out at a temperature of
ituent 95 30 Methods for separating the bipyridylium from 0°C to 100°C. We have found that 1,1’-
herein cation from free cyanide ions are described disubstituted-4,4’-bipyridylium cations can be
y the hereinafter; these methods are also described separated from cyanide ions in the reaction
ydro- in co- Patent Application No. mixture by treating the mixture with 4,4/-di-
Is and 31366/68 Serial No. 1277734 in which there amino-stilbene-2,2’-disulphonic acid which is
ached 100 35 is described and claimed a s for the commonly known as “amsonic acid”. The bi-
ring. manufacture of a 1,1’-disubstituted-4,4’-bi- pyridylium cation is thereby precipitated from
ially pyridylium salt which. comprises reacﬁng an the mixture in the form of its amsonate salt
ies is N-substituted-4-cyano pyridinjum salt with  whilst the cyanide ions remain in the mixture.
od, if ammonia or an alkali metal hydroxide and The precipitate can then be removed by filtra-
ubsti- 105 40 subsequently oxidising the resulting interaction  tion, washed and dried in conventional manner
ample product. _ and the amsonic acid can be regenerated and
3-, 5-. - It is usually more convenient to isolate the recovered for re-use by acidification of the
erably intermediate reaction product prior to oxidis- . amsonate salt, preferably employing an
m N- ing it so that oxidation yields a fairly pure aqueous solution of an acid. The acid used to
refer- 110 45 bipyridylium salt substantially free from recover the amsonic acid can be selected so as
' cyanide ions. In the case where the intermedi- to provide the desired anion for the resulting
a the ate interaction product is a solid in the form  bipyridylium salt and can be for example
:adily of a slurry as when the reaction is carried out  hydrochloric acid, phosphoric acid or acetic
1bsti- in the presence of water, the solid can be iso- acid.
with 115 50 lated by filtration or preferably by solvent ex- Amsonic acid is only sparingly soluble in
is an traction. Suitable solvents for the extraction water and it is therefore usually employed in
ial in are hydrocarbons, particularly aromatic hydro-  the present invention in the form of an aqueous
s as carbons and notably toluene, The temperature . solution of one of its water-soluble salts, con-
rode. can be from 0°C to 100°C. After removal of veniently an alkali metal salt or the ammonium
ceric 120 55 the solid there may remain a portion of the salt. The treatment of the reaction mixture
salts, intermediate reaction product in the liquid with amsonic acid can be carried out con-
| an- phase; any such jon can be recovered veniently atr a pH in the range 7 to 12, and
rine; either by oxidising it to the bipyridylium salt ata temperature of from 0°C to 100°C.
and/ and isolating this salt as hereinafter described The  1,1’-disubstituted-4,4’-bipyridylium
mple 125 60 or by reducing it to form a further amount of cation can also be separated from cyanide ions
jnic a solid (a 1,1’-disubstinited dihydrobi- in the reaction mixture by contacting this mix-
hoas pyridyl) which can be isolated as described . ture with a suitable cation-exchange resin. In
10n€. above prior to oxidising it. The reduction can  this way the cyanide ions pass the resin and
_out be effected by any conventiondl reduction tech- remain in the mixture so that they are sepa-
I of 130 -65 nique, for example using an alkali metal rated from the bipyridylium cation. The bi-
This is the replacement shest
e 4
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100°C. The mixture can be de-gassed in con-
ventional nianner, for instance by bubbling air
or an inert gas through it under vacuum or by
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boiling the mixture. It will be appreciated that

this technicue of acidification followed by de-
gassing of the mixture is simple to carry out
and can b: employed to remove from the
mixture any anion which forms with a proton
a volatile product which can be removed from
the mixture by de-gassing. In addition to cyan-
.ide ions, halide ioms, especially fluoride and
chloride ions can be removed by the tech-
nique. :

55

moved from mixtures containing 1,1’-disubsti-
tuted-4,4’-bipyridylium cations by addition to
the mixtures at a temperature of from 0°C
65 to 100°C of a reagent which forms a complex
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except that the solution of sodium icyhnide was
30n 30mlofd1methl sulphoxide and con-
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to a stir edln}xture of
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| t- “The resulting brown mixture was treated with
a solution of ceric sulphate in dilute sulphuric
- acid to yield a 1,1°-dimethyl-4,4’-bipyridylium
salt. The overall reaction efficiency was 89%
wfei;.h respect to methyl pyridinium chloride
The above procedure was repeated except
that the sodium bicarbonate was omitted from
the reaction mixture, The product was a 1,1’-
dimethyl-4,4’-bipyridylium salt and the over-
all reaction efficiency was 859, with respect to
methyl pyridinium chloride fed.

Example 4.

Methyl pyridinium chloride (3.1 gms) in
dimethyl sulphoxlde (50 mls) was added with
stirring to a suspension of sodium
. gms) in dimethyl sulphoxide (30 mis) at 70°C
under an atmosphere of nitrogen. After 30
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flux for" one *hal f hour
ei ther watier (80 65

and then cooled. Liquid In sane cases (see Table 6)
sul phur dioxide (10 mM) was added to-the violet

m), solid sodium hydroxide pellets, or acetic col oured m xture and
produced an orange acid (10 m) were addag71m3the reacti on m x- 5
] QTe0 501 Ut Tor T T T L L B LR i g e B L
\ e f i 1 sulphoxide was addedto the brown represmgng a mear quantitative recovery of
had, 2s8lE, 733 reaction mixture. The mixture immediately the 1,P-dimethyl-4,4’-bipyridylium cation 65
yapde| I g bnen;ned blue and upon standing for 1% hours Ecfromyvth¢ ipitinismixture .The sofution was free
\ 9 ame ey inim oms,
ey oh 5 beamebrown of Te9s rpmideings and methy)pyeifipdiy icap
_- i ency . mcmeimmgﬁ)wm gas A0€nt amole 10. r eagent
¢ being in Mal Ghr6ugh Imhi€tOre was found by analysis A mixture ¢ g 1,1’-dimethyl-4,4’-
thy 3dded to contain a 1,1’ - dimethyl - 442- bipyridylium cationt end cyanide ions as in 70
) el 10 ‘bipyridylium salt. The reaction eﬂicxenci' - Example 10 wa jserd ing dilute . ¢
\n DO way 95% based on methyl pyridinium cho%i hydrochloric aci i y stream of
: fed. o nitrogen gas was mixture.
35 _ 6  which was heatRDRE about 100°C for 30
, 65002 Chl orKanl | _ Examples 5to8 2  minutes duriggnwhich time hydrogen cyanide 7§
‘én . . t suspel_monofmethyl pyridinium chleride was detected in the stream of nitrogen leaving ..
ethyl 80 8! €41 gms) in dimethyl acetamide (50 mis) the reaction vessel. The mixture was then
:d4apidly NONGdded to a stirred suspension of sodium cyah- * allowed to cool’2hd SSKHA of the cooled mix-
- Pyanide notide (4.9 gms) in dimethyl acetamide (50 mls3 ture indicated tha® R0 Ny dinfthgl-4,4’-bi-
ulphoxide Wa Bk f5°C under an atmosphere of nitrogef,GA pyridylium salt was present and that the 80
2« ndellow colouration developed at once and r§§er amount of 1,1’-dimethyl-4,4’-bipyridyliom .-
or g5 £ hour the colour had become dark orange. cation was the same as in the original impure
dlour de- This mixture was poured into a solution of mixture. Cyanide ions could not be detected
. ceric sulphate in dilute acetic acid to yield a in the final mixture.
ated with 1,1’-dimethyl-4,4’-bipyridylium salt. The re- -
wric acid action efficiency was 66%, with respect to Example 11. 85
dimethyl- 90 25 methyl pyridinium chloride fed. A mixtre containing 1,1’-dimethyl-4,4’-
nt repre- . The above procedure was repeated three bipyridylium. cations and cyanide ions as de-
r of 73%, times (Examples 6, 7 and 8) but using the sol- scribed in Example 9 was neutralised by add-
chloride vents shown below instead of dimethyl acet~- ing dilute aqueous hydrochloric = acid
amide, The product in each case was a 1,1’- solution. The mixture was then added 90
30 dimethyl-4,4"-bipyridylium salt and the reac- to an aqueous solution of sodium
95 * tion efficiencies were: — : hypochlorite at a pH below -9,
repeated ' Analysis of the resulting mixture failed to
anide was Example No. Solvent Efficiency (%) detect the presence of cyanide ions and showed
and con- 5 dimethyl acetamide 66 that the product was a 1,1’-dimethyl-4,4’-bi- 95
and the 6 dimethyl formamide 36 pyridylium salt in which the amount of 1,1’-
ct was a 100 35 7 acetone 23 dimethyl-4,4’-bipyridylium cations was the
and the 8 hexamethylene same as in the original mixture.
phosphortriamide 45 :
_ .Example 12.. .
. " Example 9. . A mixture containing 1,1’-dimethyl-4,4’- 100
. chloride A mixture containing 1,1’-dimethyl-4,4’- bipyridylium cations and cyanide ions as de-
d sodium 105 40 bipyridylium cations, methyl pyridinium ions scribed in Example 9 was neutralised by add-
ulphgmde and cyanide ions and other impurities, ob- ing a dilute aqueous solution of hydrochloric
at 70°C tained by reacting methyl pyridinium chloride acid. The mixture was then mixed with an
nirogen, with sodium cyanide in dimethyl sulphoxide, aqueous solution of ferrous sulphate hepta- 105
ited with . was neutralised (pH 7) by addition of dilute hydrate containing a slight molar excess of the
sulphuric 110 45 sulphuric acid. ' ‘heptahydrate with respect to. cyanide ions in
ridylium A neutral aqueous solution of the disodium the mixture being treated. Free cyanide ions
vas 89%, salt of amsonic acid was added to the above could not be detected in the mixture which
chloride neutralised mixture with stirring. The result- contained a 1,1’-dimethyl-4,4’-bipyridylium 110
ing mixture became dark in colour and a salt and from which a small quantity of ferro-
d except 115 50 black precipitate of 1,1’-dimethyl-4,4’-bi- cyanide was removed by filtration.
ted fmx’n : pyridylium amsonate was formed. The pre-
s a 1,1%- cipitate was filtered off and washed with water Example 13. :
the over- and then dried in air.” Analysis indicated that A mixture containing 1,1’-dimethyl-4,4’-
€spect to the black solid so obtained had a purity of bipyridylium cations and cyanide ions as de- 115
120 55 greater than 989, and cyanide ions could not scribed in Example 9 was down =n :
be detected in it - . © anion exchange column comprising Deacidite
. The black solid was then treated with a FF resin. The solution recovered from the
gms) in dilute aqueous solution of sulphuric acid, base of the column contained no detectable
ded with yielding a yellow solid and a clear solution. amounts of cyanide ions. The product was » 120
aide (4.9 60 The yellow solid, identified as amsonic acid, * 1,1’-dimethyl-4,4’-bipyridylium salt and th=
at 70°C 125 was filtered off and ‘the remaining solution amount of 1,1’-dimethyl-4,4’-bipyridylium
\fter 30 - was analysed. The solution contained a 1,1’- cation in the mixture was unchanged.
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“Tri one nonohydr at e 2 " none
m di ni t robenzene 2 none ’
5 _ wat er
0 6 , — §277’733 sodi um hydr oxi de $
59 § Ezamgple 14; - Babrwed by -
aceti® acid A\ mixtsre comtaining 1 1’-d1muhy4-4 4~ Anacidg reaction mixture contginigg 1,t'- aes 20 4

e el i o, i 1™ S
EXAVREE 28 ated, ,

. 20
Met h pyri dini umuﬁ?&“ﬁ efhltbg at\ )
roomgenper at ur ethe basednhmm wigned 4y 1 CPUE ait hémemyl-4,4&hde|40
an at@osphere of byt e Jion_ fqmiel; birjj PErdylym & O&QBGYS bet
80[ er C l - ‘ et “‘““1 "':H:. . i i . § . Qay | -. | g‘;‘ The
m xt Ulle was t hensofiftiod; 8/16 RiteouiThydktcK6ric acid Sy prigihil) GHidrure. for __ 3
tol ualle (200 ml ) passad: deveiithe coltfnani M\Msoh;ion'ﬁnut es and then cool ed. Chlorine 1}
gas 25 . ik % % ‘was separ at gd bubbl ed 2
througih the regups S %’E.& 1€ THlURRA Af&x&?’eﬂ xvaﬁxaaismlssoead "
a twogphase all mg.raa@enﬂﬁuvé)lrdme@cqu T-Qiietfiyls.  aghediids o rodke thel feepbiné edittion |
- conpr@lsing m - di*s#rhlméﬂmm f(omd!g)uundrmmi mixture.Thigmizpire W88¢°¢1¢d in an ice/ q
bi pyr@dyl i um di - @ ; ! d“(‘l)gf_ B
chl or@de was pggoduygede.s pixed" e {0 Qi hn bhedds€ 0 &
an adfeous phase pgitthinm: thivride (B&Sgnishﬂ.(ﬂ_fvf:ﬁﬁ)dﬂd selution douhihing sah&MylaM;BQ o
tainiflg a 1,1 -8 - (50:qly, containisigrA0P4 by | ipymAyion i oponcing
di t hi finat e. %g:zﬁ?w PR | A féd HFiUPige 4
was afflal ysed a@dof Piel an organi ¢ phase 2
con- #@efficiencyrdiex {Sekiopisned by spectrophotorretry _ taining unchanged m *
- di nit r obenzene, THHMMT 1 1
EXA -;i. E 29 :‘l'f i at:id"as'.'ex'i I ‘age : ﬁ
35 3 Met hysb DMWMW’-N, dlfiakn 1agrr)ofmam IR Eﬂ' :
m) wls added t oamouwni mpmeeunu anseyerall reaction effi- the ethanol on the
. ciency of 65%, with respect to-methy! pyridin- . 1. In each F.xample a1 l'-d:methyl-4,4’
ium- chioride- fed: bipyridylium salt was produced.
TABLE 1
Water content (%, v/v) Reaction efficiency (%)
' 0 54
10. 61
2 - 65
40 | 38.
60 13
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10 ’ t 1,277,733 -
10 . EXAMPLE 30 m). This tol uene

| ayer was oxi di sed by sul - Met hyl pyridinium chloride (3.1 gm in
_phur &di oxi de t07yi eld a 1,1 - dinethyl -1,227,783- wat er (10 rr1) was added
toamxture of —SU=— DI pyT dI salt (effrglenc €T drum
Edfoxjsde (3.0,9) st ¢ 'fg:lgl%astg qéaq"*‘tﬁ et B e
gain only 35t usifglvatiog olaﬂpMﬁiﬂﬁhs(f roomtenpera- 2% of the
Tidyliumsalt after oxidation. ture unde_r an at nosphere of
‘ ,00én. The The total overall reactiorrasiiizi ency was 77% m xture
l .Stgrred at roomtenperature for EXAMPLE 32 30 m nut es,

snhealteed under reflux for twWo Velry | pyT T oL u htoride (3.0 g) in
1 hader and then cool ed. &T’Eu] AYm 8ias Wad bubbieH P18 ) whs added to a
B™Sti on of sodium 40 10 t hr ough he sol utlion untilksall traces of blue

hydr-oxi de (3.0 g) and sodijum cyanide (4.9 d) col puration phad

di sappeared and 1,1 - di- in watér (30 mj{) at rooffftenperatyure under

get hy45- 4,4 - bipyridylijlumdichleride wag an atnggphere of| nitrogen. The
ure was produced. |An aliquot of thijs m xture was then| stirred at

ar:e@ynterrperature for 30 mjnutes, ! reducdd in a bdffer solufion at pH 9.2
*l%(lfheat ed to reflux tenperature over a period 45 I5 sodium dithionate,

tA efficiency was of ABEC PpRth® Sne@DpridRfim @kigsd under ref | ux
-44aw:ld to be 73% by spectrophotonetry. for (two hours. The reaction

paidig ur e was then Example 20. EXAMPLE ednol mixture. The results are sumnfafili €00
EFtdet reat ed by onélmmmmepfﬁxamdhﬂéymeated inVEgHey3. pyri di ni um chl ori de
(6.2 i n wat er butopsing various yobupesyjof thesaquetyded to a mi xture of sodium A
The reaction m xture was diluted to 500 50 20 hydroxide (6.0 g) and
sodiumcyanide (9.8 g) m wth deoxygend®®&4Evwkit er and the resulting in
or (40 ml) at roomtenperature under aqueous suspension was filtered.
¥}ions of an at nosptjer emt: (ﬂ.bu/mg@n The ngmaddeye(%yas the solid so
n PeKlueeed wer e oxi di.sed to preted—=a StHHet—eat—eomtenperaf ure for 30
yiAfutes, 1,1 - dinmethyl |- 4,4 93bjpyridylium sal f8by heat ed under
reflux for two hours and tfhen a gugber of jreagentsgisee Table 7). In each
55 25 cool ed. Toluene (500 mM) was added gnd the case 0.263] g of solid
was reacted with a sol u- m xt WO® partitli oned. TH2 tol uene| | ayer was
tion of the oxidising agent. (1 g) under nitro- OXT dr Sed -by sul phur
dioxide to yield a 1,1'- After 5 mnutﬁg acetic acid (1 m), vvas,l_é"emé%
dinethyl - 4,4 - i g¥€ ef e agggw%@gﬁfQ%ﬁggﬁFur
diluted with wat er’lbimla}(mJ a{gt‘fésou ye?&lgﬁ/as reated w to 100
m. The filtrate was oxidi sed w th sul- ,lg g sodi um hydroxide (25 m)
& dta

and sodi um dithion- - phur dioxide and vyi further quantity ite
(2 g) and r epart iti Oned Wd-h—toluene L1 = the hi p\JIrJﬂ\JLIJ Wy salt
TABLE 7 Rea@anmsiu(hg) Ac ent Efficiency (%) Sol vent
Efficiency M a1 Ni LT QDENnZene armetnyl formam de
99 : Mal ei ¢ -gnhydri de/ HOAC di et hyT f or mam gde
87 | 2} .

. 5 : 65

) 9 . 54
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Ceri c #ul phate 1IN H[err]SCIerrg 85 = . B
The r @ction ni s extracted by #7741 _sodi um cyanide (2.5 g) i
80% 6@ toluene (250 mM). The us | ayer wag Fofnol, AEIHGRHS %%k

m) t&ated in the gawocedureotmmdpxamjmm@eduﬁms b ké%’?’g
manneffl as i n Exanpises 3gyiroys #dsbeeiuepHt@ixtppof  showminiTable 5. di met hyl - 4, 4 2
bi pyri@lyliumsalt flux for 30 nminutes only, yielded by nethod A 85 _
(1599 @ Portions of the organi ¢ phase were TABBE dnd 20% of a 1,1' - dimethyl
- 4,4 oxi di sed using sul phur _dioxide or m- dinitro- blpyridyliunk_)
salt f@omthe solid and fil{rahgné0 |baieeREntent o8 || Riskiedcy @a4e Oxi dation
was - @r- respectively, an{ ' 2 L-50-——Hed out in a
t wo- piilse system conpri si ng| *Repaglas { al so ‘added befor¢ sepdfratijon, 45%

m - digi trobenzene (10 g) ip tol uenej(100 m and 42(ofr%g1the aqueous and
tol uerl® phases 90 and acetic acijd (10 in wat ¢ Omjp to
respeg@i vel y. yi el d an papmomsolplase cont@i ni ng 6996oﬂ7the

EXAVPIEE 34 75 bipyridyliunmsalt andfan orga 5c phase con-,j4 Alreaction

m xt ur@® conprising, methyl pyrid- taining unchangged m™ dinitrobenzene.

free g be g) ih dinet hé’l sul phoxi de (80 i)

mai nt aned 95 detected]in the final sol @i ons. atf 80[err] C.
for, 3Ggm nutes, vyielded by m,ttjggldml EXAMPLE 33

A of HElanple 32, 30%and 62k of a 1,1 - 80 A reaction mxtyre
conprifing methyl dinethyl}{- 4»4'" -|bipyridgPiumsalq fréh the

pyri dig@i umchloride (3.0 g), sodiumhydroxide sol1d and fritrate

respec@li vel y, and by net hod 11

1,277,'833 Example 23. salt in éhlamount repFesentid}C B ov@AlET

um ferricyani de

® iniumchloride (3.
®ani de i ons coul d not

wat er

96

Disedutaastd $odi um cyeni de (4]9

20 caje A or B

(80 MY was added hAfshuton of mehyl pyridinjue shlords cmmw9mwmm@m5

separ a

reactifdn i s car-

15

25

30

35

i on, 1508 A0 iemanr (Hm mﬁﬂg‘;’ﬁ}gﬁg%y )pr@l?@

and sodium hydroxide (3.0 g) in water (10 mi).

- The mixture was layered with benzene (60 ml)

at room temperature under an atmosphere of
nitrogen. The mixture was heated to 80°C
and the benzene layer (50 ml) which was
shown by U.V. spectroscopy to contain 1,1°-
dimethyl-dihydro-4,4’-bipyridyl was collected
after one half hour and oxidised by addition
of an aqueous solution of sulphur dioxide gas.
The benzene withdrawn from the mixture was
replaced by fresh benzene and further with-
drawals and additions were made after periods
of 15, 30 and 60 minutes, These were oxidised
in the manner described above. The combined
aqueous layers were found to contain a 1,1’-
dimethyl-4,4’-bipyridylium salt in an amount
representing an overall reaction efficiency of
53%, based on methyl pyridinium chloride fed.

Example 24,

A solution of methyl pyridinium chloride
(3.10 g) in water (10 ml) was added rapidly
to a stirred mixture of sodium cyanide (2.5 g)
and sodium hydroxide (1 g} in ethanol (40 ml)
at room temperature under an atmosphere of
nitrogen. The mixture was heated under reflux
for one half hour and then cooled. Liquid
sulphur dioxide (10 ml) was added to the
violet coloured mixture and produced an
orange coloured solution which was found to
contain a 1,1”-dimethyl-4,4’-bipyridylium

cl ai ns wherein the

Example 25.

A solution of methyl pyridinium chloride
(3.10 g) in water (10 ml) was added rapidly
to a stirred solution of sodium cyanide (4.9 g)
and sodium hydroxide (3.0 g) in water (20
ml) at room temperature under an atmosphere
of nitrogen. The mixture was heated under
reflux for two hours and then cooled. Liquid
sulphur dioxide (10 mil) was added to the
violet coloured mixture and produced an
orange coloured solution which was found to
contzin a 1,1’-dimethyl-4,4’-bipyridylium
salt in an amount an reac-
tion efficiency of 84%, based on methyl
pyridinium chloride fed.

: Example 26.

Methyl pyridinjum chloride (3.0 g) and
sodium cyanide (4.9 g) were reacted together
in dimethyl sulphoxide (80 mt) at 80°C for 30
minutes. The mixture was then cooled to
room temperature and poured into a solution
of the oxidising agent (see Table 6) in di-
methyl formamide (80 mi). After 30 minutes
2N aqueous sulphuric acid was added to adjust

- the pH to 1 and the solution was then analysed

for a 1,1’-dimethyl-4,4’-bipyridylium salt. In
some cases (see Table 6) either water (80 ml),
solid sodium hydroxide pellets, or acetic acid
(10 ml) were added to the reaction mixtures 5
minutes before oxidation was effected,
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and tol uene phases respectively. ried out under an inert
at nospher-e. W are aware that in Tetrahedron Letters 19. A
proce%s as clained in any one of the 5 _ No, 24 pp 2313-2315 (1967) there
—is—des= preceding clains wherein the r (8n is car- cribed the 9
Nanddatt i on of ethyl pyridiniumbro- ried out in.the presence of an added
’““B%lé’é 570 mde wth cyanide ion in VBABRLE §ol uti on under 20. A
wrocess as clained in claim19 where- forcing <conditions (prolonged
heating at in the added base is an alkali netal hydroxide. 100 C.) in
he absence of an added base to PlEquitalpiodess as cl ai redRebdlio! i m 20
ere- 10 produce 4 biqlggen cation of axidisieg .| \\Addidonsby | i efititney all kal i
nmet al hydr.oxi de is dodi ﬂg'%ﬂ‘mt di sc|%™n a |pr of®8& f or | t he ranuffact ure of
a droxide. Maleic anhydride 2  |Nome 75 1,33 - rlre
di substituted - 4,4'l - bipyridyliumsalt 322. A proces$ as claifed in any
one of the conpili sing tkis reacf{ion.?2 water : 69 pr e¢edi ng
clains wherein therd is enpl oyed at " .
| east 0.25 nole of tlhe cyanTde per frole %f t 3°dmm}1yd_r°m§u3j e'ct61 to}] the
foregoing disclaimgr, pyrsdiniums$alt.215 |acetiti&id WE CLAI M55 S:

23. A process as cl dined in any onej of 0 1. A p[ocesg fol the
manuf acture of a 1,1 - <clatnms 4 to|22 whereR®fhe react|on "5 cafried

di substituted - 4, 4'| Chlohanipyri dyl i unysal tawhelfgome - Oout in fhe pgesefpce of a
solvent for the pyrifd- - in each pf the subpstituents i an _orgahi c sub-
iniumsalt and the goncentration of|the Pyri ¢¥&r  stjtupnt whichlis inert
under the reaction ¢on- injumsaltfis fgom Qudneto 2 nolpes pes lifre. 20
ditions and containg up to 10 carbop atons 24. A procgess as clained in

claim 23 where- 85 YEBpr | ses 2eaciPg an N - pubst3tute¢d in the
concentration of the pyri di’pi umsalt is , Ykebedi Nium  palt i thja cyanide
'lﬁdi er basic about @.5 nole per litfe. e nJ tions anfl subseqgtliently
O%Pdi sing the 25. |A process as cl hi nedd.5n fmeaeone of the 63 resulting
i nteraction product tq, ros.uce the bi- prec ding clains v\,her6 in
oxi d4fi on of the 25 py%f,ﬁ b sal . none -
Mferaction product |is carried out pnder acid@ic 90 2. A pfocess as
+ (40lgyi med in claim 1 Wherdhiobessendi ti pns. 2 { ha@ecyani de |s an5al kali netal

aterQg@ni de. 26. process as clajnmed jn claim 25 wherp 0 3. A
e c8s as clained iin clainf2 wherefn ih th¢ oxidation |s carried out at a
Liqky of from t he ¢yani de s sodi um cyani de/sodium hydroxide 594 t¢ 6. 30

tokhe A process as claimed in claim1,|2 or 3 . |folowed byr ocess as claimed in

cedamy one of the 95 wherein the pyridini uff€¥ 19 s repcted wit

r‘l’t‘im fec®di ng clains whe¢rein the interagti onz proqacetic acyani de i nit he

b a solvent for th ' 65 - e ni um

mi t. x . 28 A _process as clainmed in any one
eg‘?ll 5. A procesS®ss °R Tty |Hm’(’:“|°§}°ﬂﬁie4fei£/\)'her ein clains 1 to 26
Wner&i n the interaction product 35 the solvent is an aqueous nedi um

g) hna OXi di sed by neans of aFsaswgled?.si ng agent 100 EGmplé 28r ocess as

. - - - e P e . - 0 1 . g & . .
Pl o ol 2 B SR AR, G e Rt R e o
led e solvent s ifmbthyl sulphoxide (80 ml) at 80°C for _sodi i Bﬁt% iﬁiﬂé&@ r &0
olutlR! G5POSi tive t Ba@inutes, The mik turéwal’ @5cledafid Cl(25 BPM difand? (40 &i1) 2t Vdomr a-- 0. 50
in ¥Rl t as conpar etplughet (PO0tmhipwasadded,followed by wateh e tige lunden tan j asmeaphetexdf uniwogef. That er

nimgesd an cal onel (sglgbh%dl@?%gis pad the mixture was stirred at room temperature for
;:ld}]% A pr ocesaoags QRbripefsi D(:-n W@&ﬁﬂ%ﬁ muaﬁ ﬁ“&ﬁ%"@fﬁ&ﬁe“‘% 25

t he _
resence

alr. Gh 2lggBd i n cl ai miuéne/{100 Ml)Nand iatetiéliaid i(E) AI)THh OWakbled thidogh e Géshltny Solukith wmiler . .
0 nilje al cohol. has WarenfA¢q m 93t 2qVR0YS Phese guner alltra@@)pf}ﬂuﬁom had disdppdaredd i n
icagajm 27 or 29 tammgt(}.I - y-ﬁ;ﬁ]-bl dylium salt and 1,1’ - dimethyl - 4,4’ - bipyridyliym, di- o
wres§ | i (7.7% caﬁ n) free from chloride was produced. An aliquot of this mix-
r is enpl oyusd dé fohY lofyenid\pHalt @htaining * ture was then reduced in a buffer solution at 30
unchanged m-dinitrobenzene. ' pH 9.2 by sodium dithionate. -
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: 8 acid. 45 wherein the alcohol is
an al imhatic al cohol. 31. A process as clained in claim28 where- 110
10. A@rocess as ebained in claim9 wherein27im33an i norgani c oxidising 1o

agént 3ls enpl oyeT: The al conol 1S, an_al kano

Aviods o damEptam AT o R,
cl ai M@0 where- i Read bi'tge B USihethyb 4,2 nmxaﬁaté(al and reparhﬁb Rt l\/‘
is eth@nol. bipyridylium salt, based oﬁSpynAnpmoaabss(liasﬂ)c rl‘aqs rrelabng fayes| vees roxidised by

450

ocess as clained in claim7 or

12.5A%rocess as claimed in any orﬁll‘ﬂf dicide

S s

80

pyndyhum salt and an organic phase contain-

A 74% and 20% of a 1,1'-dimethyl-4,4’-
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i's cer sul phate. 115 fé|zgl m 7 to 11 @o&
34. A@rocess as cl amesyl p_yﬂ P icade @erga) in 2% rof e SbigyEldybilioshly afed oumoﬁ
wat er .3 rwatehém)ml)dwm ntnuxtgream |'ﬁ19rt@drwm1bw,cam efficiency was 173/.
procesf as cl ai madg wam s°d‘“ﬂ i de. sgl vent
contaifs |ess t hidln %osp asNﬁh@ﬂ}g&{m df, L @.6%8 M&gre-
55 voflune of wat erure was stirred at room tmperamre for 30 (10 ml)lwas ddael th A SIgRA bsodiviy AE- O
anhydride is sul phummllé,(]leavedunderre_ﬂﬂxf AP fexl andy sqsiiua! maﬂidQ/\ﬂé‘rel
aoi k0 ST e SR S
clainme@ in clai M3 1, ik HALAEBR S Ciﬂh&raﬁa?é’fo?@@xﬂ uufs, e
i n thefoxidising ag@myhms dithlhmium produced. glixdi Ivgred toatﬂm arenov trhyeperiod of 50
reactifh is car- g s %’Hal n3°c‘P-’&P ‘B’G“!Fﬂ"égm
~ out at # terrper ";;J,
agent & enpl oy otometry 16. A process asAQ, I'n c ere-
38. A @ ocess as cI al rred in cI ai m 37 where- Al r‘i['hthectioe Marélutedtéﬁm 55
25[err @ C to 120[er i S ng‘mated
as claffred in cla o :ﬁ;% g@w T e
in the® enper at use Hydro W%@fﬂr o r Q'-d 191012 GipA gy i Is416 by a
wher ei ig the i nter acnwg;rhgﬁ gl)atroomuemperanteunderan numberoéfrg;lgl?ts(seeTablen Ineachcase 60
1,277, #B3 108 RItY] d 81 hies e"s
ciai m i n any one B, ja ey miia% St g T
aqueou precedi 309 codlad TI'BlumEQSOGInﬂ tvbeaddeﬂaanﬂldmn a'mamammrewas mddtwnhwaaeto 100
phases B especti vel ymxmfe partitioned. T! ﬂvam phur di- 65
' are jgware that | Efgf%@;g%‘;‘ o °x ¢ |qu’€8”' ‘ﬁ By
one of ®he 5 No. 2 13- (1 7) th1 precedl ng cl ai ns
wher ei ng_the reaction |s car - cribed the reactlon of et hyl pyridinium
bro- r§ed out in the presence of an added WABBE 7 70 m de w th cyanide
ion in ®ater solution under 20. A process as clained in claim19 where-
forcingg conditions (prol ongg@ms,gggggnpg t 1 ngdhg addefl hgggld,s an
al kal i #etal hydroxide. 100{-e++} +—t-he—abserce—oi—an—added base to
21. A pdocess as claimed ijm MHPWZZQF V\/nere- 1@@6@%@% bi oPbgen|cati on
radical 3 W hereby in th %nlh r/ﬂ y ro g% i pm hys
di scl ai #h a process for thq rranu acture o ‘g}?o |l(§%?1§&g ¥
75 * 3 Potassium ferricyanide | water 96
Ceric sulphate IN H,SO, . 85
B. The reaction mixture was extracted by ing unchanged m-dinitrobenzene. In each case
70 toluene (250 ml). The aqueous layer was re- A or B free cyanide ions could not be detected
moved and oxidised by sulphur dioxide to in the final solutions.
- yield a 1,1’- dnnethyl~4,4’-bxpyndyhum salt _
A5%)- Portions of the organic phase were Example 32. '
oxidised using sulphur dioxide or m-dinitro- A reaction mixture comprising methyl 85
75 benzene. In the latter case oxidation was car- pyridinium chloride (3.0 g), sodium hydroxide
ried out in a two-phase comprising m- (1 g) and sodium cyanide (2.5 g) in 80%
dinitrobenzene (10 g) in toluene (100 ml) and  aqueous ethanol (50 ml) tredted in the same
acetic acid (10'ml) in water (100 ml) to yield manner as in Example 31 but heated under
an aqueous -phase conwmng 69% of the bi~- reflux for 30 minutes only, yielded by method 90




1,1'--=-disubstituted - 4,4 - bipyridyliumsalt 22. A process as clained
I n any- one «of the conprising this reaction.

precedi ng clains wherein there is enpl oyed at
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