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are known and examples have been disclosed in our British Patent Specxﬁcatxon :

number 1,310,812,

The prcscnt invention provides a mcthod for the preparation ofa blpyndlhum "

compound having the formula;

# R R
RS # RY R 2 |

in which R? to R'? and X~ are as hereinafter defined, which method comprises the

step of contacting an N,N'-bis(2 s4-dinitrophenyl)4,4 -pyndnhum salt with aprimary

ryl amine, said aryl grouping being that which it is desired to introduce imto the
R" or R" position in the bipyridilium compound, in an inert polar medium, the
molar ratio of the amine to salt being at least 4 to 1.

R'to R are H, F, Cl or organic substituents, preferably at least one of R'and

R® and of R® and R are H, and R* and R* are organic radicals at least one being a
phenyl group substituted with an alkyl group having from 2 to 12 carbon atoms,
—COOR® (where R" is an alkyl group having 1 to 10 carbon atoms, an aryl
group or hydrogen), an amlde group, hydroxyl,

'—Q-Q, l-g. ' .—N=N-©.
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[err] (where [efr] is an al kyl group havr ng 1 to 10 carbon atons, an ar
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- phenyl ; -wha; ,E:I Br or I; [err] where R = [err] Inorganic aniong
i ncl ude . [err al kyI [err] to [err] sul phate chl orate per chl or at ef
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are used peh=wol e 2of DNP he prdeqféﬂdr "ﬁ'ﬁﬁ:glto being 5 t
noles to one of the DNP .CHThe up limt is not critical but 30

conveniently it should g t exceed abow? 10: 1.

Inorgamc anions include F-, CI-, Br-, SO,", lower alkyl (C, to C;) sulphate
chlorate, perchlorate, BF", SlF. . NO, , sulphonates
.o Organic anions include: acetate, citrate, tartrate, formate, maleate, oxalate
20 and other water soluble anions of mono-, di- and tri-carboxylic acids, parucularly 20
- those bearmg hydroxylic groups
It will be appreciated that the compounds listed above exemplify, but not
exhaustively, the compounds which may be prepared according to the method of
the -invention,

25 Preferred salts employed according to the invention are halides, ‘particular]y 25
fluorides and chlorides, and alkyl sulphates, particularly lower alkyl (C, to C,)
sulphates, for example mcthyl and ethyl sulphates.

Yield of the product is influcnced fnter affa by the mole ratio of the amine to
DNP. At leust 4 moles of amine are used per mole of DNP salt, the more preferred
30 ratio being 5 to 6 moles to one of the DNP salt, The upper limit is not critical but 30
: conveniently it should not exceed about 10:1. '
The medium employed should be inert, i.e. so that it does not react chemically
with the reactants or products. The medium employed is one capable of dissolving
an ionic material. It should also provide a high (e. g. >15% wiw)

35 degree (although not necessarily complete) of solubility of the amine. The medium 35
is preferably water, optionally mixed with a water miscible polar solvent (having a
high dielectric constant, e.g. greater than 15). The medium employed should not
tend to bring about separation of ionic and non-ionic reactants, which results in

- uptake of a substantial proportion of the amine in the non-ionic phase Examples of

40 water miscible polar solvents which may be employed are alcohols (e.g. ethanol, 40
methanol, propanol), dimethy] formamide and acetonitrile.

The reaction is conveniently carried out at a temperature at which reflux of
the medium occurs, and conveniently not higher than about 160°C; preferably the
reaction is carried out at a temperature not lower than about 50°C It should be

45 . noted that not all the amine need be in solution; part may be in suspension for a 45
time before it reacts, dissolution proceeding as t g reaction proceeds. Reaction
under an inert atmosphere, for example nitrogen, is preferred but not essential.
Preferably the ionic reactant is completely dissolved in the medium,
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of the radical cation occurs at the cathode and the radical cation tends to remain in '
: association therewith, usually deposited upon the electrode as a solid layer. The
deposit of the radical cation may be removed from the cathode by oxidation, either
: chemical or by reversal of polarity of the elcctrode, when the cation r.ndu.al is
35 reoxidised to the soluble and (usually) much less coloured di- cationic species, - 35
In particular the compounds may find application in clectrochromic display
devices and systems as described in our earlier US Patent Specification No,
:’!Zl,% 3(7)11) and in British Patent Specifications Nos. 1,302,000, 1,407,133 and
¢ ()
40 [n use in an electrochromic device as described, the electrodes employed are 40
chemically inert to the electrolyte with which they are in contact, and may be of
any suitable material, e.g. metals such as gold, and platmum, electrically
conducting glasses or glass or other support material having an electrically
conductive inert surface, for example a thin metallic.fiim. A small potential
45 difference is usually adequate to effect reduction; we prefer to-use voltages of the 45
order of 0.5—3v.
We make no claim to the use the process of the invention in the production of
p-cyanophenyl bipyridilium salts.
The invention is illustrated by the followmg Examples, in which all parts are
50 by welght . . 50
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50 Exanpl.e ashings were almost colourless, then recrystallised from glacial acetic acid after

treatment with activated carbon. The yellow solid which crystallised contained
acetic acid of crystallisation. The crude product was dissolved in a minimum
volume of boiling water, again treated with activated carbon to produce an almost
kL colourless aqueous solution which was poured slowly into an excess of stirred 3
acetone.
An almost white microcrystalline solid grecnpxtated which was removed by
filtration, washed with dry acetone, followed by an ether washing and finally dried
under vacuum at 60°C for 4 hours when 23 parts of a dihydrated sait were
- 40 obtained. %, yield = 87%. 40

Calculated for C,,,H,,N,Clzo2 = C, 68.0; H, 7.2; N, 5.3;
Cl, 13.4; 0, 6. l/
C, 61.7; H, 7.5; N, 5.7;
Found: Cl 134 0 5. 6/,

45 Examples 3 to 21. 45
Thc process of Exam le 1 was repeated generally as described, except that the
amine referred to therein was substituted by the amines listed in Table 1.
Proportions of reactants — amine, DNP and solvents — are indicated also,
: together with the product in each case. Ph represents phenyl and, where they are
50 present, substituents thereon are, in all the Examples, in the para position. 50 -
Table 2 shows the colours of the cation radicals derived from thediquaternary :
compounds.
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~# volunme of boiltng water, again treated with activated carbon to produce
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4 1.4 1.3 - deep nmaroon al nost deep maroon bl ack 5 1.2
1. ‘5 dark green green 6 1.0 1.0 very da gree
dark green 7 N. A N. A N. A N. A 8_ 1.4
3.2 bl ack ‘red-black 9 1.0 1.0 7" dar k
aknost, red-brown black 10 - £519,466 1.5 very dark green 7.
aI\mﬁﬂ hlack. 11 N A gark—greem 12 .3 1.3 gr 4
green 13 N. A N. A dar kT@EIé"eh 14 2.0 1.8 green
green 15 -8 +—§ tark—gre f Radical gOI den- ¢range 16
©. 1.0 o L@tamplea rmé’f)“ cq{pj{ 'i'r‘b}.o:l:? ud: ::: T 1.0 - 1.3
. dark*yreen No. GoldjgPlatigpedn 18 Geld 1 ?aﬁ‘“’“’ almdst bl ack .
bl acp*lbJ NAT L5NJA 15 dgnviéryGlatkegteer O gold€B-brown - - 21
2.0 40 appeard black }in red al nost| bl ack -salt N A -not avail ab
Preparation of* coppbfinds Havi IPPRS apatr |CRR YAt i ndi dated in the
~-precedi ng exanpl e may JconvenijeritTy be effectied for exanpl e {by ion excha
as followsf- 5 1.2 ()5t eiatksgaeeof ani onijereexchange resijns e.g.
“Deacidite (RTM FFIP_(dqupplie Perrrutlt any in chlorldeforrr)
whi ch may pe éxchhndd jwi Fi if a "éépq’ "t%t e arli dqgrg')ee". fluorijde. The resin
bearing the desirpd.anijonnmy {than be used to Naxchange the Qi pyridylium
“salt (usually in ghlorilde for ani on for that ‘gﬂ the resin {10
(2) Use of|anmsoni | &4 d* (& df ni um sal t)] 8% wat er sollubl e ammni u
10 amsonatp may -bp qauded it rERGt oW Ll alofd€r O Bybody! i um sallt in aqueous
solution tp form he bijpyri di | j mamkansonate salt as a high insoluble salt
" i Cep | .
€9 _ 4’ 4 'Dlloam 02.%“ | beln5e 2’very tglrksgrleg:ho_m a?mosgblack
11 N.A. N.A. dark green
12 1.3 1.3 green green
13 “N.A. N.A. dark green
14 2.0 1.8 green green
15 1.8 1.8 '] dark green golden-orange
16 - 1.0 1.0 almost black almost black
17 1.0 1.3 dark green dark green
18 1.0 1.0 almost black black
19 N.A. N.A. dark green -
20 . . G - - -
21 2.0 2.0 appears black in red |} almost black
salt
N.A, —not available
Preparatxon of compounds havmg anions other than that indicated in the
grﬁcedmg examples may conveniently be effected for example by ion exchange as
OWS§ .~
3 (1) the use of anionic exchange resins e.g. Deacidite (RTM) FFIP (supplied by 5
: Permutit Company in chloride form) which may be exchanged with an appropriate
anion e.g. fluoride. The resin bearing the desired anion may then be used to
exchange the bipyridylium salt (usually in chloride form) anion for that on the
resin,
10 . (2) Use of amsonic acid* (as diammonium salt). The water soluble ammonium 10

amsonate may be caused to react with the bxpl}"ndyhum salt in aqueous solution to

form the bipyridilium amsonate salt as a hig

* 4,4'-Diamino-stilbene-2,2"-disulphonic acid

insoluble salt e.g.




1,514,466 [err] ‘This salt may be reacted with mineral acids or carboxylikc
- aci ds whi ch are stronger acids then ansonic acid to precipitate . :‘;..
“acid in aqueous sol utions in which the bipyridyliumsalt of th ﬁa iﬂ i

: sol'uble 5 It has been nentioned above that the novel

the invention, or 5 conpounds obtained by the process of the \ éntiion, §
" may!find appllcatlon in_devices1PH4Mi ch colour change of an r od
ef fected by passing a curregtthrough a sl ution of the conpound, - and

preSent invention incl ubig ' m. ‘ ¥, solution of a novel |
- conmpound as herei nbefore de I bed, conpound obt ai ned by
procesg--as herei nbefore descrivbed, toge‘t her with two or 10 nore inerg
el ect redes and neans for conne .Lng sa%dj-e‘l—e'arodes to a source of
electricity whereby an electri :turre ®may be caused to flow through;th :
said solution to effect a col our changel by reduction of the cation.
Advant ageousl y, the sol ution,co N asyjrentioned in one or nore off t-§
af orenenti oned patents 15 R ’@—@, &ions, an auxili ary redox syst ,
wher eby el ectrocheni cal oxidation of 5 the reduced col oured species ik
facilitated. TRl MEy &Md\z’tddSmh fhineZal meitth od cérbexylit acigy whigh atd on. of a i §

bi pyri di | ftremeer g I%HET el Félpig’ér‘:rﬂc‘dl‘h AGFPRYTOIEPPY to [err] af
[errg are @s¥hgh BE o 'ﬁéﬁ £ B6has ONmE irvesidaher St epsof |
contact i Ngbrfgbuhly- obthiné é e Pidc Es@ em:y :zbn, apYfind dipplidationmissal t with,a
primary adedcesin wm,ch salogr eha e ofr augleatpdpds ?1’ cted by !&ﬁm uwrepls desired 't off:

i nt r oducethrened 2wy ?&Jfﬂl“e{fp‘ﬁ% {fdl r@‘l)%mﬂr ‘ﬂ‘]’ {‘j) igefim conpound, E
an {gert bgﬂgﬂtsxr:gitamed s'cﬂbc@ tokaﬁer&mhﬁﬁobﬂ salip bei ngg
| east 4.t ghoke inert electrod alﬁeifdmnbnmuog shmh lettooctsk aq mS¢urFﬂ0f/\h| ch [err]

[err] ar ecktteicitnmherely dlAe 'HGeL"afé;‘ ‘2’ 13 whi ch [err]'f..

an ani on #tiop geqf"r‘@@c ‘@t'ﬁ}oﬁ lﬁm ",ﬁé% o Bt 5. 4. A

et fiod_acRe Hiphcdons, @Lamma oQE s ectrbeneriat ovidatian bell | dasor an .
al kyl 30 the redw:leqb kalbared spec:es lS facxhtated

30 5. A rreth ac ogr/l?%t any one of the preced| ng clains in which th
medi umcormr 50% For 9'%@,@&“%@? LHBKurk B6itboudd! vink bl d e um

A nmet hod agggldi Ng to any. one of the preceding clains in which the react

ro

is carried out -at the refluxtenp§§rat7L1re of the nmedi um 35 7. A}

met hod according to claiml a d bsgan |aIIy as described in any one.o

35 the exanpl es. . 1 -
20 —NO—OF—r . 20

g5 % 4o 2x

in which R to R*? and X~ are as hereinbefore defined, which method comprises
the step of contacting an N;N'-bis(2.4-dinitrophenyl)4, 4. -hipyridilium salt with a
primary aryl amine, said .1ryl grouping being that which it is desired to introduce
into the RY or R4 position in the bipyridilium compound, in an inert polar
25 medium, the moluar ratio of the amine to salt being at least 4 to 1. 25
2. A method according to claim I in which R' and R are the same.
. 3. A method according to claim 1 or 2 in which X~ is an anion derived from a
mineral acid having a pKa less than 2.5.
4. A method according to claim 1, 2 or 3 in which the salt is a halide or an alkyl
30 sulphate. 30
S. A method according to any one of the preceding cluims in which the 8
medium comprises water together with another inert polar liquid medium. B
6. A method according to any one of the preceding claims in which the
reaction is carried out at the reflux temperature of the medium,
35 7. A method according to claim 1 and substantially as described in any one of 38
the examples. _
8. A method according to claim 1 and substantially as hereinbefore described.
9. A compound prepared by the. method of any one of the preceding claims
comprising a bipyridilium nucleus substituted in the R and/or R" position with
40  the grouping ) 40




T i Jos anddale

8. A nmethod’according to claim! and substantially as herei nbeforei
desgribed. 9. A conpound prepared by the. nethod of any one of 1

' pigcedi ng claims conprising a bipyridiliumnucleus substitute t
and/or [err] position with 40 t he gr.oupi ng
40-- 1,514, 466 8 [err] Th al ti na¥

141466 id pich ati dg

t hen anmsonic acid to .reci s at e amsonjenaci d in aqueous sol-utiens gn
thé bipyridyliumsalt Wy @ £d ECHUHg. -5 It has beén
menti oned above that- the novel compoundS of the invention; or 5 coi‘p

obt ai.fiéd by the process of the invent¥on, may find application in dévi g
i n whivh col our change of an gl-ectrodg—~i s effected by passing a curigeng
“through a sol ution of the compdund, and the present invention includgesg
devi ces conprising a solutionof a novel conpound as hereinbefore
descri.bed, or a 10 . cogpouAtRob Ined, by t-he process as hereinb fol
~ described, together with t™Wo Q. i nert el ectrodes and nmeans !f of
- connecting said electrodes to a source of electricity whereby an el'e}ct_ C o
current nayThiesatameede rexced gvitht hineralykridshne carbiogylic alcids whizhtace ef f ect ajcofipu
change b rqn&g; tgﬁb@}fgﬁf‘;ffmﬁtoﬁpg?ﬂﬂ%ﬁé@% nity e @ 2queouh@IRIRYL i on compri §
as grent i SheHSLIL AT R S A RES A3l SABRbAR P theRRlcRS o5 5 and @
appl i cat témygoundsnotabixéd bypkhe Prockax ofS the liftvenubie melyVfindl plicatioh @i cal oxi dat gon -
of - 15 t Hevigepdhuwhidh e@ibmheﬁes&%ecielgstr¢® if %ﬁf@qtddtl}ytming\g-mt% CLAIM IS -g81. -A
ret hod {Hliele AR AR PO ISR SR the for

[efg ] i Ncdibidard bEthindd ByAnd frbbdss ARErelnBblble dibcaibed aeheIwinLBbE defigned; vili ch
met hod- catope inga:ldciredes taggh nehnsclontaokecting said electrodes to a source of : -

NN - bi s( zl,;m.rieitshw ¢refpyhemelpatvic qurrest, yibe}cwsaﬁf%& thipush the #id mar y aryl
sai d aryiﬁlﬁmm o, %m el ot oot @‘nﬁtiggﬁ“ Ligluce into;t
[ef5] oOr anipplicapions, hn QUXillaFy ek it iwhereby ¢1EBuGONEREAHN Bxiddtidn 3N | Ngkt pol
medi um thegedmkdicolpartd speoies istacilitatedhe t 0 salt being at least 4 to 1.

25 2. A mt%&gg&kml o claiml in which [err] and [err] are thefe_

3. A method, thod or 4 %}lé'aarmién & a %iﬁgﬂdi%b%bm[;@dnﬁ]habﬁg%k ani on deri

from-a nfoamulal acid having a pKa less than 2.5. 4. A nmethod accordin

claiml1, 2 or 3 in which the1saIR£ i:; ashal i de -or an al kyl
:_ _ R R _

) R |

R™—N — : i

2 O—Cp—= - 20 |
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in which R' to R'? and X~ are as hereinbefore defined, which method comprises
the step of contacting an N,N’-bis(2,4-dinitropheny)d,4’-bipyridilium salt with a
primary aryl amine, said aryl g_muiming being that which it is desired to introduce
a8 into the R' or R" position in the bipyridilium compound, in an inert polar
medium, the molar ratio of the amine to salt being at least 4 to 1. 25
2. A method according to claim 1 in which R and R’ are the same.
. 3. A method according to claim | or 2 in which X~ is an anion derived from a
mineral acid having a pKa less than 2.5. :
10 4. A method according to claim 1, 2 or 3 in which the salt is a halide or an alkyl
sulphate. 30
5. A method according to any one of the preceding claims in which the .
medium comprises water together with another inert polar liquid medium,
6. A method according to any one of the preceding claims in which the
35 reaction is carried out at the reflux temperature of the medium.
7. A method according to claim | and substantially as described in any one of 38
the examples. :
8. A method according to claim 1 and substantially as hereinbefore described.
9. A compound prepared by the method of any one of the preceding claims
0 comprising a bipyridilium nucleus substituted in the R" and/or R'? position with
the grouping _ 40

—_—
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"[err} a_r}d/or [err] position with the groupi n%g

40 9" 10. A bipyridilium compound d by th tho]:l o 2y K |
9 [ier r] 10. t& Swhivh isdhé saumfm%q;lgmgrepare 4 ecine he%n%?%(gc am}s lany one of
clgims | to 8 i Atrompoyndeaceortiing tf claw@amm nh;xsylt &€ farkarid x citkiccompoynd *

_acqordl gtod %aim 10 which is the salt of tartaric or citric 5 5 acid.
- B.

Offii ce by the Courier Press, AganfaagheAppiSpas. 1978. Published by the Patent

15

25

35

40
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'30 M sulphate

145, a'A nmet hod according to any one of the preceding clainms in ch jt he

élﬁum conprises water together with another inert polar liquid m 6.
LA frethod) accor di ng to any one of thesp“%gedl ng claims in which t reactio
i St } out at—ttre—reftox [CII}JCI aLUlc of—the~medtrorr—S3S5 ; ~+. A
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