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ABSTRACT

The reactions of 1,3~di-iminoisoindoline with
various active-methyl-substituted-quaternary-ammonium-
salts in boiling butanol, pyridine, and nitroethane have
been studied extensively. .The products comprise a wide
range of new cyanine dyes with absorption maxima from
405 to 735 mu which have an isoindolenine ring as part
of the chromophoric path. These compounds are mostly
obtained in high yields. Among pyridine, benzothiazole,
guinoline and pyrimidine derivatives, the quinqline
compounds gave the longest wave-length absorption maxima
and best tinctorial values.

The reaction of 3-imino-l-oxoisgoindoline
with 2,6-lutidine ethiodide gave a dinuclear cyanine
with a terminal amide group. When this product was
treated with potasgium hydroxide, a merocyanine was
obtained.

2—-Aminopyridine ethiodide did not react
with 1,3~di~-iminoisoindoline or with 3-imino-l-oxoiso-
indoline in either boiling butanocl or pyridine, but
2-amino-6-methylbenzothiazole ethiodide and 2,6~diamino-
pyridine ethiodide reacted readily with these hetero-
cyclic imines. A possible explanation of this phenomenon

is discugsed,



The light absorptions of compounds resul-
ting by formal substitution oFf one, two, and three
methin groups with one, two, and three aza groups have
been agssessed for the pentamethincyanines with terminal
benzothiazole nuclel. Agymmetrical pentamethindiaza-
cyanines have also been made.

The effect of a polar solvent has been
gtudied on the ease of guaternization of a three-unit
condengation product prepared from one mol. of imidine
and 2 mols. of aminopyridine. Bisquaternary salts were
succegsfully prepared in nitroethane with an excess of
ethyl iodide. A penta-ethiodide has been prepared for
one of the three-unit condensation products.

Some evidence for the existence of macro-
cyclic cyanines has been collected and finally the light
absorption data of the pentamethincyanines having an
igoindolenine ring has been discussed in the light of

the current theory of colour.
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The cyanines, which belong to a class of the
polymethine dyes, have been actively studied for the past
forty years because of their usefulness in sensitizing
photographic plates and because they have bacteriostatie
and chemotherapeutic activities. (1)(2)(3). Recently
cyanine dyes with indolenine nuclei, the Astraphloxines
and Astrazones have been successfully used as colouring
matters for textiles particularly for printinz on acetate
rayon.(4)

A cyanine 1lg a mesomeric monoacid salt, the
egssential structural features being two basic groups

(frequently the nitrogens in heterocyclic nuclei) linked

by an odd-numbered methine chain as shown below:
+

[ 1 { \
NR(—(CH=CH)nC=CH(CH=CH)mC(=CH—CH)n=NR' X

- 4
f " 1 | N
X NR(=CH—CH)n=C—CH(=CH-CH)m=C(CH=CH)nNR'

General Preparative methods for cyanines

The dinuclear cyanines have been the most widely
studied. Up to the first world war, the production of
cyanines was a German monopoly but from that time work was
begun elsewhere. Pioncers in this couniry were
William Pope of Cambridge and W, H. Mills. Later, Hanmer,
and particularly Brooker in the United States, and many

others have contributed tremendously to cyanine chemistry.



Though the discovery of the first cyanine by C. G. William
was made as early as 1856, by heating a quaternary
quino%?um salt with caustic alkali, the correct structure
was not ascertained until 1820 by Mills and Wishart (5)
who used the oxidative degradation method and later (8)
disproved the earlier suggested open chain structure.

It appears that there are six available methods
for the preparation of cyanines; +these methods congist in
treating a heterocyclic quaternary ammonium salt bearing
an active methyl subsiituent with one of the following six
types of reagents: (1) another heterocyclic quaternary salt;
(2) an iodo-substituted quaternary salt, (3) an alkythio
quaternary salt, (4) ethyl orthoformate or other poly-
functional compounds, (5) a quaternary heterocyclic alde-

hyde, and (6) an o-formylaminoaryl disulphide. One or

more examples of each method is given below:

(1) Condensation of an active methyl substituted hetero-

cyclic quaternary sall with another quaternary salt.

This a historic method. A quaternary salt of
lepidine or quinaldine wag condensed with one of quinoline,
in alcoholic solution, to give Cyanine Blue and Lthyl Red

respectively.
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Ethyl Red

TFurther, a quinaldine alkiodide or a lepidine alkiodide was
found to oxidize by itself under suitable conditions to
yield an isocyanine dye. The essential feature of a

isocyanine is the 4-2 linkage:-



;
\
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The main structural variation that this route permits

over the previous method is in extranuclear alkyl substi-

tution.

(2) Cordensation of an active methyl substituted hetero-

cyclic guaternary salt with a similar reactive

iodo~galt.

The two components interact in boiling absolute

alcohol, in the presence of two equivalents of alkali.
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Both asymmetrical and symmetrical cyanines have been
prepared this way. .Unlike the 2,4'~ and 4,4'- cyanines
mentioned in the previous section, which had gco long been
known, the first 2,2'- cyanine (I) was only prepared in
1920, by condensing gquinaldine methiodide with 2-iodo-

quinoline methiodide.

(3) Condensation of a heterocyclic guaternary ammonium

salt having an active wethyl group with a similar salt

having an active alkytiiio group.

On elimination of alkanethiol, a dinuclear

mehin cyanine is formed.(11)

-Cy,Hg SH
~ ” 215 ~ ~
1—

a
C2Hs daHs (1)

L 2

I 2Hs I CoHg
In the preparation of the necessary intermediates for this
method, rearrangement of alkyl groups sometimes occurs as
for example when ethyl iodide acts on Z2-methylthioguinoline

or on 2-methythio bexnzothiazole: - (12) (13)



e
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To avoid complications, the alkyl groups in the quater-

nizing alkyl halide and the alkythio substituent should,
therefore, be kept the same.

A further example of the condensation is the
reaction of a 4-aryl-thiopyridinium salt with a 4-methyl-
pyridinium salt in the presence of a strong base such as
(14)

piperidine. This yields the 4,4' compound shown below:

~ArSH

ke noOxn B oo
x0 eX

(4) The reaction of ethyl orthoformate or other poly-—

functional compounds with an active methyl guaternary

This is a good preparative method for carbo-
or volycarbo-cyanines. The action of ethyl orthoformate

on lepidine ethiodide in nyridine solution produces



Kryptocyanine (II) which is a historical near infrared

gsengitiser.

\ 7 - (11)
Bt-N )= CH- CH=CH —( ,N— Bt + 3Bt0H + HI
- . N
T Xryptocyanine

( /\max 705 m)*)

Other reactive one—warbon intermediates such as diphenyl

m:n cﬁ‘n .
forman;L;J; are employed on occasion. There are also ways
of introducing a longcr methin chain. Thus glutacon-
aldehyde dianil hydrochloride reacts with two moles of
lepidine ethiodide in the presence of alcoholic alkali,
piperidine, or triethylamine, to give Xenocyanine.

(117) (18),

ce” &
R4 CH+ ¢ \>.ISH=CH—CH:‘CH-CH:CH—NH@—-)N—— =CHEGH = CH)-\ NEE

(1I11) Xenocyanine
The limitations t0o a progressive lengthening of the chain

-

are the difficulty of preparation and the instability of

the tetracarbocyanines and the still higher homologues.,

(5) The reaction of a quaternary heterocyclic aldehyde

with an active methyl compound.

This type of reaction has also been widely

studied. An example using an w-aldehyde and an active



methyl subgtituted heterocyclic salt in acetic anhydride

or pyridine golution is:- (17) (18)

- CHg— CHO H—C—< _ —— = :I
7 L 8 N ~H,0 { NN
R

+ 'ﬂ +

R

(6) The reaction of an o-Tormylamincaryl disulphide with

an active methyl substituted guaternary salt,

The action on lepidine ethonitrate in pyridine
of the "disulphide" (IV) yiclds the asymmetrical cyanine
(v), (19) (20) This product is accompanied by the
symmetrical kryptocyanine (II) in which the central
methin link is provided by the disulphide, presumably from

a formyl substituent.

5— s
©/ \© 2, 80}1—0}{ = CH —81\1-01{,1\;03
~ 1R
CH

| l Kryptocyanine
0 CHO

9.
(V) A =\ NO /.
QI =a A W)
These foregoing cxamples show that a methin
link in the cyanine dyes is always supplied by an active

methyl gubstituent of a TT-deficient-heteroaromatic

quaternary salt.



Scope of this thesis

During an investigation of the reactions of

imidines (21>, in particular the condensation reactions of

(212) 1y,

1l,3~di-iminoisoindoline with primary amines
3-unit product (VI) was obtained from 2-aminopyridine.

Quaternisation of this with methyl iodide yielded a
= ~ =
N\N| r@*‘ N—@ -
| NH t1
Qe <y O w ey
EE— I
< () \W/M{I%Hi SN
& & (VII) N (VIII)
N ~ \‘

dimethiodide, the structure of which was shown as (VII) by

(210) pat

hydrolytic degradation. It was appreciated
this salt might yield a cyanine-type dye (VIII) by loss
of the elements of hydrogen iodide, although this was not
demonstrated. It wag merely recorded that treatment of
the digquaternary salt with triethylamine produced no
observable change, but that the possible conversion of

this and related salts into cyanine dyes was being studied

further.
(2

N

)

Subsequently, Barnes in these laboratories
found that 2-picoline could be condensed with l-oxo-3-

iminoisoindoline to give the product (IX)
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and that 1ts methiodide could bhe made to lose the elements

of hydroiodic acid by treatment with potassium hydroxide.
The product was shown 1o have the zwitterionic structure
(XI) which can be classcd as a merocyanine. Turther
preparations in this direction from imidine intermediates
also appeared feagible.

These several ideas have now been brought to
fruition and it is an object of this thesis to describe
the successful development of these cyanine syntheses, and
the properties of +the products, all of which possess the

isoindolenine nucleus as part of the chromophoric chain.
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Chapter I. Hemicranines with Terminal Unsubstituted

Amino Groups

Introduction:

“hen one or hoth of the terminal nitrogen
atoms of a cyanine-type dye is extranuclear, then it is
called a "hemicyanine'. A part of the carbon chain may
be included in e ring systenm as part of the chromophoric

%

chain. An example of the simplest kind of dye obtained

is that by alkylation of the dianilide of glutaconic

aldehydeqzs)
+
PhWN—CH=CH—CH:CH—CH=¥ -Ph
Me Me

The reaction of a heterocyclic quaternary salt having a

reactive methyl group with 2 p-dialkylaminobenzaldehyde in
the presence of piperidine is a route which provides a

. (24)

number of hemicyanines 7 which (IIT) is an example.

@[?—CHO v ool Yme,  —— @S}Z—mﬁm{—@ Iute,

CaHg CoHg

(XI1)
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'Te have used the more reactive 1,3-di-imino-
isoindoline in place of an aldehyde and condensed 1t in
boiling dry butanol with one molecular proportion of
various reactive-methyl-substituted heterocyclic gquater-
nary ammoniun salts. Ammonia is evolved and coloured,
sparingly-soluble produvcts are obtained. Thus from 2-

picoline ethiodide the product is (XIII).

H_[P+ I

NH

]

\ N t
Q0+ 3 = Qo

NH NH,

Et T
(XIIT) -
\\~ t
N
G
(%) 2"
The evidence is briefly as follows. If the

cationic resonance were just between the isoindolenine
nitrogen atom and that of the linked heterocyclic base,
the light absorptions would be comparable to those of the
corresponding amides. For example, if the 2-picoline
product had the following resonance structure,

Z
)

— \Nﬁﬁt
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then its light absorption characteristics would be

expected to be similar to those of the amide (XIV)

| l

’d
~

| + s
40 G
SO " |
0

which has a maximum at 378 TP This, however, is not

t

O—%F% \

(x1v)

S0, The long wave-length maximum is actually 50 i
further to the red, It seems reasonable, therefore, to
account for this by means of the amino cyanine (hemicyanine)
resonance structures (XIII) -— (IX).

4-Picoline ethiodide, 2,6-lutidine ethiodide,
2,4~1utidine ethiodide, quinaldine ethiodide, lepidine
ethiodide, 2-methylbenzothiazole ethiodide and 2-amino-4-
methyl pyrimidine ethiodide have each been successfully
used in this way.

The gross gtructure of each product followed
from the elementary analyses and method of preparation.
As regards fine structure, it is considered that the
products are best regarded a2s mescmeric salts, i.e., as
hemicyanines, principally because of their long-wave-
length light absorptions. Cyanines such as these, with
a terminal unsubstituted amino group have not previously

been reported. The compounds arc soluble in water and



- 14 -

hot polar organic solventis but not in non-polar solvents
in general. They crystallise with solvent of crystal-
lisation, but can be obtained solvent-free from pyridine.
Chromatography on alumina (Spence H) in isopropanol or
chloroform is a good method of purification.

The best medium for their formation is butanol
because in this the sparingly soluble hemicyanine salts
precipitate out. Turther condengation and the formation
of dinuclear and other products is then »revented, which
ig not the case in begic solvents such asg pyridine. The
formation of the dinuclear cyanines will be discussed more
extensively in Chapter 4. In boiling ethoxyethannl, the
major condensation produst is a bisguaternary salt (seec
Chapter 5).

A, Pyridine Series

Tven though pyridine derivatives have been
used only to a limited extent industrially as nuclei in
cyanine preparations, their use in the first stage of this
work was justified by their relative accessibility. It
was soon established that 2- and 4-picoline ethiodide
each readily condensed with 1 mol. of di-iminoisoindoline,
with elimination of 1 mol. of ammonia to give compounds
which after being recrystallized from ethanol have m.p.s

about 250°. The 2-picoline derivative was resistant to
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hydrolysis in boiling water as expected of an amidine-like
salt. However, in warm dilute nitric acid, a product was
_ ith that of
formed which had identical light absorpition\$s compound
(XIV) which is the corresponding dinuclear cyanine with

a terminal amide group Thus the hydrolysis involved the

terminal amino grouping as shown:-—

/
O
2N HNOg \
__..._...) e +
’\ ! CaHls
Oatls i
0 (av)

Llnkace to the 4-position in the pyridine
nucleus as in (XV?E%g%m 4-picoline rather than to the 2-
position as in (XIII) causes a shift of the light absorp-
tion mazimum of 14 g}k bathochromically.

Pub-lutidine and 2,4-lutidine ethiodide also
give similar condensation products with 1,3-di-iminoiso-
indoline. In the 2,5-lutidine derivative, the extranuclear
methyl group in the 6- position is responsible for a 13 WL
hypsochromic chift in light absorption. The 2;4--lutidine
derivative, unlike the preceding products,; has two
possible structures. Vhich of these is the more likely

follows from a congideration of the light absorption in

conjunction with the foregoing shifts.
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CHs 9%
-~ —
\ | m_r@ N+'— 02 H5
+] AN

CQH5 >~ \ ‘/)

NH, (xviI)

The absorption maximum at 432 m}; for the
2,4=1utidine condensation product falls in between the
positions of the maxima for the 2- and 4-picoline conden-
sation products at 428 wmy. for the former (XIII) and
442 ¥e for the latter (XV).

If the 2,4-1lutidine product had a 2-linkage,
it would absorb at about 428-13 = 415 ML . A 4-linkage
should give a maximum at about 442-13 = 429 ML . The
observed maximum at 432 mpL therefore, strongly suggests
that the 2,4-1lutidine product has the structure (XVII)

with a 4-linkage.

B, Quinoline Series

Quinaldine ethiodide and lepidine ethiodide
have both been successfully condensed with 1,3-di-imino-
isoindoline to give the corresponding hemicyanines. Like
the pyridine compounds, these monoacid salts have melting

points in the 250° region. The light absorptions of
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< D
~ \ ~ c ~CgH;
] +) Y ! +
W7
| -
N, I (XVIII) N, (x1X)
these compounds are interesting. When they are compared

with the compounds of the pyridine series, the annelation
of the benzene ring is scen to cause a bathochromic effect;
in the compound with a 2-linkage there is a 27 Q}L shift
and in the 4-linked compound there is a 36 oL shift.
Similar to the pyridine series also, the 4-linked deri-
vative (XIX) has a maximum absorption 13 muL t0 longer
wave~length than that of the 2-linked derivative ( XVIII).
The molecular extinction coefficients of the long wave-
length absorptions of the quinoline compounds are more than
double those for the corresponding pyridine derivatives.
This means that the tinctorial value of the quinoline
compounds is more than twice that of the pyridine

derivatives.

C. Benzothiazole Series

The condensation of 2-methylbenzothiazole
ethiodide with 1,3-di-iminoisoindoline in boiling butanol

gave the corresponding hemicyanine. This condensation
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product has a long wavelength absorption maximum at

485 s, which is the furthest position for these hemi-
cyanines. The melting point is in the 300° region instead
of the 250° region as with the pyridine and the quinoline
derivatives. It appears that the benzothiazole product

ig more highly resonance stabhilized and indeed it is

possible %o write an extra cenonical form (XX) in this

case,
w0 e
~ z AN
(\\ ‘\ CaHs ¢ 7 EI,/N CaHs

;J

]
) R

(xx)
D, Pyrimidine Series

The effect of a second hetero nitrogen atom on
the light absorption of the pyridine derivative (XXI) was
examined by making a pyrimidine derivative (XXIT).  The
particular pyrimidine quaternary salt employed in the
preparation was chosen merely hecause of its accessi-

bility.
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H/@NIGQHS
i y Cals \;’/’m I
se el
| S N )
NH (o) N, (xTT)

(XXI) (XXII)

Because it contained both amino and methyl groups, there
was uncertainty initially as to which group would condense
with the imidine. 11ild hydrolysis with boiling hydro-
chloric acid failed to degrade this hemicyanine; the
hydrochloride wag obtained. It, therefore, seemed very
probable that the pyrimidine unit was- joined to the iso-
indolenine ring through a methin link as in (XXII) rather
than an aza link as in (XXIII). Subsequently, further
evidence for this conclusion arose when it was found that
amino substituted heterocyclic quaternary salts were
unreactive towards the imidine in contrast to the methyl

derivatives (see Chapter 3).

s
- Et I
X \'71‘1

N (XXIII)
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The hemicyanine produced has a maximum absorp-
tion at 443 m s which is at almost the same position as
for the 4-picoline ethiodide derivative (XV). This
provides some indication that the quaternary grouping in
(XXIT) is located on the l-position rather than the 3-
position. The latter orientation should produce an
absorption maximum similar in position to that of the 2-
picoline ethiodide derivative (XIII) at 428 LYV

Protonation of the hemicyanine (XXII), as in
the hydrochloride, shifts the absorption to shorter wave-

length (400 mie ).

CH <\ N-CHg
+
N

.8

NH, (XV)
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Notes on experimental sections

(a) The experimental sections in the individual
chapters of sections follow as closely as possible to the

order of the discussions immediately preceding..
(b) A1l melting points recorded are "uncorrected".

(c) Light absorption data were measured in
methanol, unless otherwise specified, on a Perkin Elmer

Spectrocord Model 4000,

(a) Infrared measurements were determined on a

Grubb Parson Type S 4. machine.

(e) Roman numerals are for identification ol
compounds .
(f) Arabic numerals written above the line of the

text refer to the list of references.
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Experimental Section

2—(1-Amino-3-isoindoleninylidene )methylpyridine

ethiodide (XIII)

a-Picoline ethiodide (1.3 g.) and 1,3-di-
iminoisoindoline (0.3 g.) were heated in n-butanol (50 ml.)
under nitrogen for 17 hr, By the time ammonia gas was no
longer evolved, the solution had become greenish, Eva-
poration of solvent to 25 ml. yielded a green powder,
Recrystallization from methanol gave greenish black

crystals, m.p. 248° (0.5 g., 82% based on isoindoline).

Found: C, 49,7; H, 4,8; I, 32.7%

Found: C, 49.7; H, 4.,9; I, 32.6; N, 10.2; 0O, 3.9%.
C17H201N3O recuires
¢, 49.9; H, 4,9; I, 31.0; W, 10.3; 0, 3,9%

4-(1-Amino-3-isoindoleninylidene )methylpyridine

ethiodide (XV)

r-Picoline ethiodide (1.3 g.) and 1,3-di-imino-
isoindoline (0.4 g.) were heated in n-butanol (25 ml.)
under nitrogen for 17 hr. A greenish solution resulted
when ammonia gas ceased to be evolved, Evaporation of
solvent to 20 ml. yielded a green precipitate. Recrystal-

lization from methanol gave greenish flakes, m.p. 245—6O
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(0.5 g., 80% yield based on isoindoline)

Found: C, 49.6: H, 4,6; I, 31.3: N, 10.5%
017H201N3O requires
¢, 49.9; H, 4,93 I, 31.0; N, 10,3%

2-(1-Amino-3-isoindoleninylidene )methylguinoline

ethiodide (XVIII)

Quinaldine ethiodide (3.2 g; .01 mol.) and 1,3-
di-iminoisoindoline (0.7 g.; 0.005 mol.) were heated
together in ethanol (100 ml.) for 4 hr. A brown preci-
pitate was obtained, which recrystallized from methanol,

gave brownish flakes, m.p. 250—2510 (1.8 g., 80%).

Found: €, 56.2: H, 4.3; I, 29.63 N, 9.2%
020H181N3 reguires
¢, 56.23 H, 4.3; I, 29.7; N, 9.8%.

4-(1-Amino-3-isoindoleninylidene )Jmethyl-2-picoline

ethiodide (XVII)

2 4-Lutidine ethiodide (2.7 g.) and 1,3-di-
iminoisoindoline (1.4 g.) were heated under reflux in
propanol (50 ml.) for & hr. during which evolution of
ammonia was detected. The resulting green colour solution
was cooled and a black precipitate was obtained, m.p. 233~

2370, yield 1,7 g. The filtrate was allowed to pass



- 24 -

through an alumina column. Only a green band was found
and it was eluted with methanol. The solution was eva-
porated to dryness, and the combined precipitates were

recrystallized from nitromethane (soxhlet) to yield red-

brown crystals, m.p. 253° (3.0 g., 87%).

Found: C, 51.6; H, 4.9; I, 33.1; N, 10.3%
Found: C, 52.5; H, 4.5; I, 31.0; N, 10,3%
C17H18IN3 requires
¢, 52.2; H, 4,65 I, 32.43 W, 10.7%

2-(1l-Amino-3-isoindoleninylidene )methyl~-6-picoline

ethiodide
2,6-Lutidine ethiodide (2.7 g.) and di-imino-
igoindoline (1.4 g.) were heated together in ethanol
(50 ml.) for 6 hr. When chilled, the solution gave a
black precipitate. Recrystallization from methanol gave

greenish black crystals, m.p. 239-240° (0.5 g., 20%).

Found: C, 52.4; H, 4,73 I, 32.3; N, 10.0%
C17H181N3 requires
¢, 52.2: H, 4.63 I, 32.4:; N, 10.7%.
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4—(1-Amino-3-isoindoleninylidene)methylquinoline

ethiodide (XIX)
Lepidine ethiodide (3.0 g,) and 1,3-di-iminoiso-
indoline (1.4 g.) were heated together in butanol (50 ml.)
for 2 hr. Ammonia was cvolved and a brown drecipitate
formed during refluxing. The solution was cooled on ice
anc Tiltered. Recrystallization from methanol gave brown

needles, m.p. 241° (4.2 g.).

Found: C, 56.03 H, 4.3; I, 29.6; N, 9.,2%

Cootlig

¢, 56.,2: H, 4.,25; I, 29.7; N, 9,8%.

IN3 requires

2-(1l-Amino-3-isoindoleninylidene )methylbenzothiazole

ETHIODIDE(XX).
1,3 Di-iminoisoindoline (1.4 g.) and 2-methyl

benzothiazole ethiodide (3,0 g.) were heated together in
boiling ethanol (50 ml.) for 1 hr. There was evolution of
ammonia. Red precipitates, m.p. > 3600, were collected
and upon recrystallization from methanol, they yielded

reddish-brown crystals, m.p. 300-302° (3.6 g., 90%).
Found: G, 48.8:; H, 4.2; I, 27.5; W, 8.6; O, 3.,6%

019H201N3OS requires
¢, 49.0: H, 4,33 I, 27.3; N, 9.0; 0,3.4%.



- 26 -

2-Amino-4-methylpyrimidine ethiodide (XXI)

2-Amino-4-methylpyrimidine (10.2 g.) and ethyl
iodide (12.7 g.) were heated in a sealed tube with nitro-
methane (15 ml.) at 100° for 12 hr. The yellow precipi-
tate (22.2 g.) was recrystallized from methanol-iso-
propanol giving light yellow needles, m.p. 182-183°
(2.1 g., 87%).

Found: C, 31.4; H, 4,63 I, 47.9; N, 15.7%
C7H12IN3 requires
¢, 31.7; H, 4,63 I, 47.65; N, 15.85%.

2-Amino-4-(l-amino-3-~isoindoleninylidene )methpyrimidine

ethiodide (XXII)

1,3-Di-iminoisoindoline (2.8 g,) and 2-amino-4-
methylpyrimidine ethiodide (1.4 g.) were refluxed in 1-
nitropropane (100 ml.) for 48 hr. during which an orange
precipitate formed and ammonia was evolved. The reaction
mixture was cooled and 0.5 g. of orange precipitate was
collected, m.p. 270-273°, Evaporation of solvent to
10 ml, yielded another 0.6 g. (second crop). The com-
bined precipitate~~cre recrystallized from methanol-water

to give red needles, m.p. 250° (0.9 g., 52%).
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Found: C, 46.8; H, 4.5; I, 28.43 N, 16,2%
Cl7H221N50 requires
c, 46.5; H, 5.,0; I, 28,9; N, 15,9%.

This compound was heated at 150o for 4 hr, in vacuum

(weight loss 6.9%; required for loss in ethanol 7.6%).

Found: C, 45.8; H, 4.,4% Cy5HygINs  requires
C, 45.8; H, 4,1%,

Attempted hydrolysis of 2-amino-4-(l-amino-3-isoindolen-—

inylidene )-methylpyrimidine ethiodide

The hemicyanine (0.100 g.) was heated with
~onc, HC1l (10 ml.) for 1 hr. on steam bath. Red colour
persisted and upon evaporation to dryness, the precipitate
was recrystallized from ethanol giving red crystals,

m.p. 276-277° (0,063 g., 60%). The mixed m.p. with the

original hemicyanine was CGepressed,

T . ° J . og R S
Tound: C, 39.,8; H, 4.4; I, 27.49 015H19C11N5O require
C, 40,23 H, 4,3; I, 27.4%,
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Dinuclear Cyanine with Terminal Amino Group

Il R = \N
+
CeHg T
II; R = 7 N0, Hq
-~/ + -
T
/
TTT. R = Sah— CH,
+| —
C,H, T
CHy
IV; R = / M N =CyH,
+ —
I
Vs R = ¢
+
I- 02H5

I

9@
|
N

m.p.

248°
245-246°
239-240
253253, 5°

250,251°

mp-
207
252
428

217
252
442

207
280
415

219
255
432

207
222
252
301
313
465

29000
20000
19500

24000
29000
29000

28000
3200
16000

39000
30000
16000

39000
40000
24000
11000
10000
36000
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Dinuclear Cyanine with Terminal Amino Group (cont.)

\/ N M,Po m)g., E
Vi: R = -—@N—Cgﬁs 241° 218 50000
* - 254 23000
282 15000
300 14000
335 13000
478 56000
VII; R = —4;:]123 300-302° 223 25000
* _ 264 15000
CoHg I 340 16000
460 27000
NTQ 435 22000
VIII; R = | JE Gt 270° 220 37000
' 270 10000
280 10000
310 13000
398 28000
NH, 443 9000

N — CyHg

IX: R = + oL 276-277° 220 49500
1 268 9500
278 9400
315 14000
384 54000

400 48000
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Chapter 2., Dinuclear Cyanines with Terminal Amide Groups

Hamer, following the observation that p-di-
alkylaminobenzylidene derivatives such as 5-p-dimethyl-
aminobenzylidenerhodanine and 2-p-diethylaminobenzyli-

denethioindoxyl are good photographic sensitizers

S—C=CH~</:> NMe

Y A
A O -
N N & —

- H

proposed a generic term "merocyanine" for these compounds.
One of these end groups is a disubstituted amine and the
other end group contains a carbonyl group. Brooker (25)
later studied dinuclear merocyanines and suggested that the
colour of these dyes is associated with resonance between

the following hybrids:

0

|
®+m=m)n<§© T f'\s/_(CH-Ch)nﬂk';
t

t

—

Bl—

(xxIV) (xXxV)
It wag then that this class of dyes was defined by Brooker
as possessing an extended amide systemn.
The zwitterionic structure (XIIV) normally

ha%e a higher energy than the covalent structure (XXV): but
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both the heterocyclic rings have an additional double bond
in the zwitterion structure, which gives each aromatic
character, and the increased stabilization in the two rings
offsets the energy of the charge separation more or less,
The two canonical gtructures consequently have compar-
able energies so that a high degree of resonance is to be
expected.

The methods of preparation are similar to those
of cyanines but unlike cyanine dyes, which are guaternary
ammonium salts soluble in general only in polaxr solvents,
the merocyanines are zwitterionic compounds which dis-

solve in both polar and nonpolar solvents.(ZO)

Barnes (27)

in studying compounds which are
linked to other heterocycles through a methine bridge
prepared l-oxo-(2-pyridylmethylene)isoindoline and its
quaternary salt, l-methyl-2-(l-oxo-3-isoindolinylidene)-
methylpyridinium iodide, The latter was treated with
potasgium hydroxide and the product shéwn to be a
zwitterion, and it was pointed out that this was a mero-
cyanine. In the present work, the oxoimine was condensed
directly with quinaldine ethiodide and with 2,6-lutidine
ethiodide to give the corresponding dinuclear cyanines

(XXVI) and (XXVII). These condensations proceed much

more readily than with the unquaternized methyl
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heterocycles, as expected.

~ ~r ~
o (I x (o
';/E:&\ENH CyHs ‘:j} “NH GHg

I
(XXVI) O(XXVII)

On treatment with potassium hydroxzide, 1-
ethyl-2—(1l-o0x0-3-isoindolinylidine )methylpyridinium iodide
was converted into the following merocyanine (XXVIII).

?H-L;;R~mg - HI CH:J/;l,m%

N KOH

SeL (l/w e
i
8 7®
(XXVIII)

These dinuclear cyanines with terminal amide
groups (XXVI) and (XXVII) dissolve in polar solvents and
are yellow crystalline sgolids with melting points in the
region of 250°, They could be recrystallized from alcohol
but retained solvent of crystallization. From dimethyl-
formemide-benzene, however, crystals free of solvent were
obtained, The infrared absorption characteristics
supported the structure (XXVII). Thus, the NH stretching
-1

vibration was found at 3170 cm —, whilst a strong band at

1710 cm_l was clearly the normal stretching frequency for
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the amide carbonyl group in a 5-membered ring.

The effect on the light absorption of annela-
tion of the aromatic nucleus can be seen from PAGE4I.
The long-wavelength absorption has been shifted batho-
chromically from 378 m for pyridine derivative to
402 mpL for the quinoline derivative, a shift of 24 LY
the gquinoline derivative has an absorption maximum in the
vigible region whilst the pyridine derivative has not.

It is also interesting to note that the pyridihe deri-
vative has a high extinction band at 301 mpe whilst the
quinoline derivative absorbs in this region at 320 me
a bathochromic shift of 19 miL

l"ethyl-substitution extranuclear to the
pyridine nucleus, such as in the cyanine derived from
2.6=1lutidine ethiodide, results in a broader absorption
(PAGE 41 ) extending further into the visible region (a
bathochromic shift giving a shoulder at 420 mu ), but the
dominant absorption is at 3385 q}L showing a batho-
chromic shift of 8 mye when compared with the nonsubsti-
tuted cyanine which absorbs at 3798 M .

The data given in Taple (1) show that the
amide cyanine (XXIX) absorb at longer wavelengths than the
parent bases (JXVIII), and that the amino cyanines (XXX)

absorb at still longer wavelengths.



- 34 -

Table (1) TLong-wavelength Absorption in mj.

(i) (ii) (iii) iv) (

( v)
Parent Amide Anino Dj ce Dj ce
Type of Nucleus Bage Cyanine Cyanine bﬁ#gﬁgﬁo éEF@éEQe
(XXVIII) (XXIX) (XXX) cyanine cyanine

R and amide and parent
cyanine base
N
_.QNH 357 378 428 50 21
= N
I 378 402 465 63 24
e
——@-c&, 360 386 415 29 26
~ z
|
s ?QL\P,VL
“T n %Ms @;(N CoHy
Y s Z
NH, o_
(XN (XXX
O\H—R (I;'H_ R+"'E‘b T -R@-'Et Ie
Q= = Q>
6( 'd ~7
0
(i) Parent base (ii) Amide cyanine (iii) _tmu% cyanine

(XXVIIT) (XXIX) (XXX)
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Compared with the corresponding aminocyanine
(data obtained from Chapter 1), the amidecyanines show
hysochromic shifts in the longest wavelength absorption of
from 29 to 63 mu , as indicated in column (iv) of Table
(1).

The merocyanines have longer wavelength absorp-
tion than thelr amide cyanine precursors and even the
corresponding amino cyanines. This i1s possibly because
the lagt are strictly hemicyanines with an aza link in

the methin chain whilst the others are dinuclear types.

Table (2) Amide Cyanines and Merocyanine Long-

wavelength Absorption Maxima in mpe
7

N 8 N [ )
/NH CHg _ N Ch : | NH C,Hg /l ~ Né)aHa
5 1° ; I XN
378 mp 457 mp. 386°mu 470 Tpr
(XIXT) (XXXII) (XXVII) (XXVIII)

The difference in the position of maximum
absorption between (XXXI) and (XXXII) is 79 m s and between
(XXVII) and (XXWIII) is 84 mj . The extranuclear methyl
causes a 13 mpk (470-457) bathochromic shift in the mero-
cyanine and an 8 mp- (386-378) shift to longer wavelength
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in the dinuclear cyanines.
The effect of solvent on light absorption for
these two merocyanines 1s as follows: It is concluded

that the present merocyanines are highly polar.

Table (3) Effect of Solvents on Merocyanine

Absorptions.
Type of Absorption in m
Solvent
methanol 457 470
chloroform 486 503
solvent shift 29 33

There 1s a bathochromic shift on changing from a polar to
a non-polar solvent. This is a 'reversed! solvent effect.

(28)  41is means that

According to IPBrster's arguments,
the charge separation structure (XXXIII) is more stable
than the covalent structure (XXXII) - not a situation
encountered in merocyanines until Brooker's work in 1951
(29). Altering the solvent to a less polar one destabil-
ises the charge-separation form relative to the co-valent

atructure. The energy difference between the hybrids is
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decreased, The resonance between these structures then
becomes more perfect, there is less energy difference
between ground and first excited states, and there is a
bathochromic shift in the long-wavelength absorption.

The conclugsion that the charge-separation form
(XXXIII) has a lower energy content than the covalent
structure means that the energy reauired to separate the
charges is more than offset by the aromatic stabilisation
of the pyridine ring.

The /\zn of a weakly polar merocyanine shifts

ax
to longer wavelengths on changing from a non-polar to a
polar solvent. This effect has been ascribed to the
formation of oriented solvent dipole layers around the
polar atoms of the dye molecules. These oriented layers
stabilize the contributing dipolar structure relative to
the covalent structure so that these canonical forms become
closer in energy. The result is again more perfect reson-
ance with a shift in absorption to longer wavelengths, i.e.

(29)

lower energizs. A strongly polar merocyanine and a

weakly polar merocyanine are given below ag examples:

CH~M__ )= CH~- CH:©=-O
strongly polar merocyanine

Ca
~ CH - CH:Z N - +
N ~Me- -CH= CH - -
N—l\\“ \Q)r%%nmed Me @ CH= CH @o ;
&

=l weakly polar merocyanine
Z
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Experimental Section

Preparation of l-ethyl-2-(l-oxo-3-isoindolinylidene)

methylquinolinium iodide tetrahydrate

Quinaldine ethiodide (1.2 g.) and 3-imino-l1-
oxo-isoindoline (0.4 g.) were refluxed in ethanol (4 ml.)
for 4 hr. during which time a brown precipitate, m.p. 230°
(1.4 g.) formed and ammonia was steadily evolved. The
precipitate was recrystallized from ethanol, and then had

m,p. 230°,

Tound: C, 48.5: H, 4,6; N, 5.2%

Found: C, 48.5: H, 4.6; N, 5,235 I, 25,5%
CZOHZSINQOS requires
¢, 48,0; H, 5,0; N, 5.6; I, 25.4%,

Preparation of l-ethyl-2-(1l-oxo-3-isoindolinylidene)

methylpyridinium jodide

3-Imino-l-o0xo0 isoindoline (1.8 g.) and 2,6~
lutidine ethiodide (1.6 g.) were mixed in 50 ml, of
butanol. The mixture was heated to dissolve the reagents
and refluxed for 17 hr. during which evolution of ammonia
was detected. The solution turned yellow and after 15

min, refluxing had turned greenish, Bumping occurred
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after 2 hr. heating. At the end of 17 hr. heating, the
solution was cooled and an orange precipitate (1.0 g.) was
collected, m.p. 243-248°, Evaporation of solvent to
15 ml. afforded a second crop (0.5 g.). The combined
precipitates were recrystallized from dimethylformamide-
benzene yielding yellow crystals, m.p. 233-234° (1.3 g.,
40%).
Found: C, 52.13 H, 4.4; I, 32,45 W, 7.5%

Cl7H17IN20 requires

C, 52,13 H, 4.4; I, 32.4; N, T.1%.

Generation of the corresponding merocyanine

This dinuclear cyanine (0.5 g.) was dissolved
in water (20 ml.) and aqueous 3 N-potassium hydroxide was
added. The solution was warmed to 400. After 5 min.,
an orange-coloured solid precipitated, m.p. 251-2570
(0.2 g., 65%). Recrystallization from isopropanol gave

red crystals, m.p. 250-260.5° (0.15 g.).

Found: C, 75.25; H, 6,33 N, 10.9; 0,87; ZLoss in wt.

o o, ‘ T

¢, 75.03 H, 6.1y N, 10.1; OJ85; Loss in wt.

N,O03 H,0 requires

3.2% for hemihvdrate.
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.
22
262
362
457
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466
486

o
228
234
275
357
235
285
378

]

0
£
11,900
5,500
12,600
3,000

27,400
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Light Absorption Data

&
20,500
19,500
11,300
28,900

11,600
10,100
11,700

22,900
11,300
33,000

H~R
s
~

0 m,u.
R = J:%D 202
Gn 92
1 301
378
R= ffj 220
Jggl\/ (237
. CoHg 1241
309
320
402
2N
R=J_ow 220
* 270
I.. CBHB 386
7
Q%E;D—mh
/
I
0
my £
250 15,800
271 1.0, 000
400 12,600
470 7,500
503 12,000

8,830
2,910
2,150
1,700

17,500
52,000
54., 000
14,700
17,000
6,900

19,200
13,300
10,100
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Chapter 3. The Reaction of Amino Substituted Quaternary

Salts with Heterocyclic Imines

The ease of condensation of active methyl
guaternary ammonium salts with heterocyclic imines, which
was reported in Chapter 1 and Chapter 2, led to some
attempts at condensing amino substituted gquaternary salts
with 1,3-di-iminoisoindoline and with 3-imino-l-o0xo0-
isoindoline. It was hoped that hemicyghines and di-
nuclear cyanines might be obtained which had an extra-

nuclear aza link as shown in the following two examples:

When 2-aminopyridine ethiodide was heated with
1,3-di-iminoisoindoline in boiling butanol for 40 hr., the
amino substituted quaternary ammonium salt was recovered in
80% yield after being recrystallized from isopropanol.
Similarly 3-imino-l-oxoisoindoline failed to react. In

this case, the heterocyclic imine was recovered nearly
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quantitatively. This lack of reactivity of the amino
substituted quaternary salt could be attributed to reson-

ance delocalization of the positive charge, thus:-

0 pm— Q
+ s ¢ = NHy
+

Calls G5
The availability of the lone pair on the amino group is

thereby much reduced, evidently sufficiently to prevent

nucleophilic attack on the imine -

1l
o

d X may be
C : NH, -
<« or = NH

On the other hand, the reactivity of methyl-substituted
heterocyclic quaternary salts with an imidine depends on
the eagse of formation of the corresponding methylene base,

which is the nucleophilic attacking reagent:-—
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When 2-amino-6-methylbenzothiazole ethiodide
was mixed with 1,3-di-iminoisoindoline in methanol at room
temperature, the hydriodide of the dinuclear cyanine was
formed., This dye has an isoindolenine unit as part of

the chromophoric path.

B S
@Ew@m«;:@r%

CaHy 8 CyHg

I _
(XXHIV)
+ HI

The reactivity of the 2-aminobenzothiazole
ethiodide contrasts with the inertness of the 2-amino-~
pyridine ethiodide. The greater reactivity may possibly be
explained by the fact that the positive charge can be shared,

by resonance, with a third atom (sulphur) as follows:-
4]
HC H S
EIS\‘ N, 5C @/ Q\'—NI_IQ
74 XN /
o i
CgHs C?.HG

@ N\ V4 (v)
e
iy

C2Hg (C)
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The resultant loss of availability of the lone pair on

the exocyclic amino group will not be so marked as in the
pyridine case, and it is evidently insufficient %0 prevent
reaction with 1,3-di-iminoisoindoline.

The next reaction studied was with 2,6-
diaminopyridine ethiodide. The preparation of this salt
gave some difficulty. When the two reactants, 2,6-
diaminopyridine and ethyl lodide were heated together in
either alcohol or nitrobenzene, only the hydroiodide was
obtained. The required ethiodide was obtained by
dissolving the reactants in nitroethane and allowing the
reaction to proceed at room temperature.

2,5=Diaminopyridine ethiodide condensed smoothly
with 3-imino-l-oxoisoindoline to give the dinuclear agza-
cyanine (XXXV). This has a terminal amide group and an

extranuclear amino group.

2
Bl - L
|
\‘ l/ u o, N“gx‘\]}‘ NH, y CoHs

‘ -—
0 CQ H5 0 I

8
I (XXXV)
In the diaminopyridine ethiodide, the positive

charge is presumably distributed over three atoms (the

3N s). Consequently, as in the benzothiazole case,
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amino group reactivity is not sufficiently diminished to

prevent condensation with the imidine.

N
— | >
yd &) + .
HN NH, N N NH,
\

C2Hs

IG

The new dinuclear azacyanine (XXXV) has a maximum absorp-
tion at 382 mpn and an inflexion at 400 Q}L . It differs
little from the dinuclear cyanine (XXXI), which lacks the

exocyclic amino substituent.

- | -

oy 3
o @f} Catls (XXXI)
i IG IG

o
(XXXV) /\maX 382 mps 378 mp-

max

Since the suvstitution of an aza link for a methin link is
known to have a hypsochromic effect, it is perhaps at Tirst
sight surprising to find that this aza cyanine absorbs at

a slightly longer wavelength. However, a longer resonance
path can be drawn for this azacyanine by making use of the

extra amino substituent. On this basis, the dye could be
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regarded as a hemicyanine type and there would be seven
atoms between the two extreme nitrogen atoms involved in

the cationic resonance:-

I

~d
N I\‘?H ‘ s
L F : “ ] % g: H
\’HC:}HE X ]G}I\H e
4 l
L (001) 0
The nearest comparable dye becomes (XV), but the absorp-
tion of this at 442 q)k is hardly approached, presumably

because of the resonance dispersion of the positive charge

within the pyridine nucleus of (XXXVI).

N, (xv)



- 48 -

Experimental Section

Preparation of 2-aminopyridine ethiodide

2-Aminopyridine (4.7 g.) and ethyl iodide (4
ml.) were warned togethsz onthe steam bath and the solution
was then kept in the dark for 17 hr. The solid product
wes crushed with ether, and recrystallized from acetone to

give yellow needles, m.p. 145°, (10.1 g., 81%)

Found: C, 33.6; H, 4.5; I, 50.9; N, 11,3%
C7H111N2 requires

¢, 33.6; H, 4.,4; I, 50,75; N, 11.2%

Preparation of 2,6-diaminopyridine ethiodide

2,6-Diaminopyridine (5 g., m.p. 121-122°,
recrystallized from chloroform)and ethyl iodide (5 ml.)
were dissolved in methanol (100 ml,) and the resulting
solution was heated under reflux on the gteam bath for
40 hr. The solution was evaporated to dryness under
reduced pressure and a yellow precipitate was collected.
This became gummy but after being dried in a desiccator for
2 hr., it could be recrystallized from acetone~chloroform

and then had m.p. 190~192° (6 g., 60%).
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Found: C, 25.2; H, 3,23 I, 53.5; N, 17.9%
05H8IN3 reguires
¢, 25.3; H, 3.4; I, 53.5; N, 17.7%.

Another attempt to prepare the ethiodide was made by
heating 2,6-diaminopyridine (1.9 g.) and ethyl iodide

(2.7 g.) in nitrobenzene (5 ml.) on the steam bath for

10 min, and then keeping the solution in the dark for 48 hr.
Yellow needles formed (2.1 g.) m.p. 102-108°.  Recrystal~
lization from ethanol-ether gave colourless needles, m.p.

192-193° (1.3 g., 35%).

Found: C, 25.63 H, 3.4; I, 53.2; N, 17.2%
05H8IN3 requires
C, 25.3; H, 3.4; I, 53.5; N, 17.7%
The m.p. was not depressed by admixture with the previously

prepared sample.

Preparation of 2,6-diaminopyridine ethiodide

2 6-Diaminopyridine (5.0 g.) and ethyl iodide
(7 g.) were mixed in nitroethane (50 ml.) with constant
shaking (15 min.) until all the pyridine derivative was
completely dissolved, The solution was kept in the dark

for 17 hr. Yellow needles formed (4.0 g.). Evaporation
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of solvent to 5 ml, yielded a second crop 3.0 g., W.D.
206-210°. Recrystallization from methanol-ether gave

yellow needles, m.p. 218-219° (5.1 g., 52%).

Found: C, 3%.7; H, 4.5; I, 47.2; N, 15.8%
C7H121N3 requlires
¢, 31.7; H, 4,63 I, 47.9; N, 15,8%,
This compound has been further characterized as its picrate,

as follows:

Preparation of 2,6-dlamino-l-ethylpyridinium picrate

ETHIODIDE
2,6—DiaminopyridineL(O.5 g.) was dissolved in

3 ml, of water, and 5 ml., of saturated picric acid was
added. This solution was warmed on the steam bath for

5 min., and then cooled in ice. The yellow precipitate
wag collected and recrystallized from isopropanol to give

yellow needles, m.p. 151-152° (0.3 g., 75%).

Tound: C, 42,3; H, 4,13 N, 22.8% Cq3Hy4NgO;  requires
¢, 42.63 H, 3.85; N, 22,9%

Preparation of 6-Amino-l-ethyl-2-(l-oxo-3-isoindolinylidene

aminopyridinium iodide

2,6-Diaminopyridine ethiodide (m.p. 218-219°,

1.3 g.) and 3-imino-l-oxoisoindoline (m.p. 2030, 0.7 &)
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were refluxed in propanol (50 ml.) for 12 hr. An orange
colour appeared after a few minutes and evolution of
ammonia was detected during the heating. The reaction
mixture was cooled in ice and an orange coloured preci-
pitate, m.p. 291-292° (turning brownish-red, yield 1.6 g.,
80%) was collected. Recrystallization from ethanol-

water gave yellow needles, m.p. 301-301,5° (1.4 g. 78%).

Found: C, 44.95; H, 4.3; I, 31.4; N, 13.9; O, 6.0
. o Y 1 3
Logs in wt. 3.1% at 150~. 015H151N4. z Hy0 requires
C, 44.7; H, 4,0; I, 31.5; N, 13.9; 0, 6.0;

Logs in wt. 2,9% for hemihydrate.

Hydrolysis of 6-Amino-l-ethyl-2-(1-o0xo0-3-isoindolinylidene)-

aminopyridinium iodide

The preceding product (0,1005 g.,) was dissolved
in concentrated hydrochloric acid by gentle warming on the
gteam bath for 10 min. The solution was then cooled in
ice, and yellow needles of the starting material, m.p. and
mixed m.p. 302° (0,08 g.) were collected. The precipi-
tate and filtrate were again mixed and butanol (5 ml.) was
added, and boiled for 30 min., addition of concentrated
hydrochloric acid (5 ml.) being made every 10 min. When
the solution was cooled, colourless needles of phthal-

imide separated, m.p. and mixed m.p. 230-232° (0.016 g.,
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0.5 mol.). The filtrate was extracted with benzene.
After evaporation of the benzene solution, the residue
was taken up with water (10 ml.) and picric acid solution
(5 ml,) was added. After 10 min. the yellow precipitate
was filtered off (0.0428 g., 0.6 mol.). It had m.p.
149—1510 and a mixture with the authentic picrate, m.p.

151—1520 showed no depression.

Attempted condensation of 2-aminopyridine methiodide

with 3-imino-l-oxoisoindoline

2-Aminopyridine methiodide, m.p. 148-149°

(2.0 g.) and 3-imino-l-oxoisoindoline (1.2 g.) were heated
for 15 hr. in butanol (100 ml.). Only traces of ammonia
were evolved during refluxing which was continued for 9 hr,
The solution was then cooled and a yellow precipitate was
obtained. It had m.p, 171-174° (0.5 g.). A second crop
was also recovered (1.1 g.). The product was recrystal-
lized from isopropanol giving colourless needles, m.Dp.
148-149°,
Found: €, 30.7; H, 3.8; I, 53.3; N, 11.6%

06H91N2 requires

¢, 30,53 H, 3.,8; I,&53.8 N, 11.9%.
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Attempted condensation of 2-amino-6-methylpyridine

methiodide with 3-imino-l-oxoisoindoline

2-Amino-6-methylpyridine ethiodide (2.5 g.)
and 3-imino-l-oxoisoindoline (1.5 g.) were heated together
in butanol for 24 hr, On cooling a colourless precipitate
(1.3 g.) was collected, m.p. 203-205°. Recrystallization
from isopropanol gave colourless needles, u.p. 203-205°

(1.2 g.).
Found: C, 65.3: H, 4.1% CgHglN,0 requires
Cy, 65.7; H, 4.2%
The admixture with 3-imino-l-oxoisoindoline gave no

depression and the recovery was 81%.
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Chapter 4. Pentamethincyanines

hen a cyanine has five carbon atoms between
the two terminal nuclei, it is defined as a pentamethin-
cyanine or a dicarbocyanine. An example of a symmetrical
ventamethincyanine with benzothiazole nuclei and one with

lepidine nuclei are shown below.

@‘:LS\/:CH-GH=?—CH=CH-<§:I>
[ Y @

Y=H
C.H o
2 g T Cy Hg
_ _ L (oxvIT
Y = H 7\max 648 mw ( )
[ = Br /\max = 045 @)&
77N ¢
\_,._ — Y=H
Czﬂs-/}cﬁ ~CH=0 = CH=CH—X ,N~CyH —
N_ | o (3CHKVIIT)
%— )\ 3
Y = H nax = 10 L
Y = Br ')\max = 500 mj

The first pentamethincyanines known were reso-
substituted, e.g. (Y = €1, Br, or NO,). They were syn-

thesized by condensing one wmol., of a-chloroanilinoacralde-
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hyde anil or the corresponding a-bromo or a-nitro-
compound, with two mols. of a2 quaternary salt having a

reactive methyl group.

T O 500 G0

i T

CoHy 8 Csz
18 A2 I
/\
@' PL CH = CH - ? CH-CH ----- N«'\) Y = Br
@ A =700
CoHg csz naw | mpL

In some instances the acid salts of these anils were used.

(30)

Analogous dyes with meso-methyl substituents have

also been prepared.

:.t\;> + Hﬂ<::>NH CH = G -~ CH N{C:>+ CH34§;\

@
IO CQ I’Is J/ G}IG Ie 2H5

@iS\—OH—CH <|3-CH CH \\IQ

CHe 8
C,H, I
Cz Hg

/\max 650 mr,
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Similarly the lepidine derivative (XXXVIII) with Y = CH,
has been obtained. The absorption maximum here is 818 ma
(730 mp inflexion).

A homocyclic ring has been introduced as a
part of the pentamethin chain by condensing a gquaternary
salt having a reactive methyl group with a cyclohexane

1,3-dione or a 3—alkylthiocyclohex—2—enone.(31)

0 0 3
4 ) NN (IK— CH~Z = CH |
Ao 1 w0 — QpmeradC
@ 9 -
IB CHs 1° CH, CHy I6 b}'a

It was reported that this bridging of a pentamethin chain
had a hypsochromic effect upon the light absorption.
Substitution of an aza link in the-polymethine

chain has been found to produce a hypsochromic shift.

NG N

QO ESS
l

Ca HB Ie 02 HS

max. = 224 i

The above azacyanine absorbs at 554 mp which is 94 @ to
shorter wavelength than the parent methin linked compound

(XXXVID) which absorbs at 648 mR. The diazacyanine,

= Zy ~ 2NN
K:Q“N=CH-N=L/@/VD @‘OH~CH~CH WL
o @ o | |
Bt S Hs

I E’b I C2 02 H5

(3XXTX)
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1,1'~-diethyl- o, ar-diaza—2,2'~carbocyanine iodide is
reported as having ’\max 343 %p whilst the corresponding

trimethincyanine (XXXTX) has /\maX 605 mp, 50 the

hypsochromic shift is 262 %p, almost three times that
caused by the one aza link in the previous example.(Bz)

As mentioned in Chapter 1, the hemicyanines
with terminal amino groups reaét further with active
methyl-substituted heterocyclic quaternary-ammonium-salts
and also with 2-amino-6-methylbenzothiazole ethiodide to
form dinuclear azapentamethincyanines. These have an
isoindolenine nucleus as part of the chromophoric path.
There is then both a chain bridge and an aza link in the
molecules of these new cyanines. Yet their light absorp-
tions are comparable to those of the pentamethincyanines,
Possible reasons for the absence of the expected double
hyosochromic shift are discussed in Chapter 6,

Cyanines with heterocyclic rings as part of the
chromophoric path have not been reported before,. In

this chapter cyanines with the following structure are

discussed.

X.—RQ 8 ¥ and Y can be -N= or
| T—

= ,\\ N _(iH — e

S J\VVN R"and ' may be the

v=7' same or different
heterocyclic nuclei,.
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This chapter is divided into three sections.
The first section is concerned with the monazacyanines
(X=Y= -CH=) which are prepared by condensing two mols.
of an active-methyl substituted quaternary salt with one
mol., of 1,3-di-iminoisoindoline. The gecond section
concerns the diazacyanines (X= -CH=3 Y = -N=) which are
prepared from the hemicyanine (Chapter 1) and a reactive
amino-gsubstituted-quaternary salt. The third gection
covers the triazacyanines (X = Y = -I=) prepared via the
reaction of two mols. of an amino-substituted hetero-
cyclic base with 1,3-di-iminoisoindoline. Only one
amino-substituted quaternary salt, 2-amino-6-methylbenzo-
thiazole ethiodide, was found to be sufficiently reactive

to condense directly with di-iminoisoindoline,
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Section A. Symmetrical Monazapentamethincyanines

Barnes (22)

found that 2-picoline interacted
with di-iminoisoindoline only under rather vigorous
conditions. The main product was then unexpectedly
(XL ) presumably because of competitive hydrolysis by
moisture in the reagents. Tri-cyanocyaphenine was also
isolated, probably as a result of the self-condensation
of phthalonitrile formed by thermal dissociation of di-

iminoisoindoline. The hoped-for three-unit compound

(XLI) was not obtained.

) z
m)“f\m e -~ ‘“"J
SN N ‘/NH
oa-r;‘
(XLII) (XL.) (XLI)

Following the observation (Chapter 1) that one
mol, of an active methyl substituted quaternary hetero-
cyclic salt reacted readily with 1,3-di-iminoisoindoline,
experiments were madce to condense the unsubstituted amino
group of the first-formed hemicyanine with a second mol,
of the methyl-substituted-quaternary-salt. In boiling
ethoxyethanol the reaction of (XLVI) with (XLIII) gave
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(XLID : i
CH— XN Hy 0= 5H
' @ | ) N 36
=N I CoH
o 7N CoHg 285 1 376
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- 17 - M, <)
Llg ’
VI ~ (XLIV)
N |
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the bisquaternary salt (XLIV) of the three-unit conden-
sation product (with elimination of ammonia). When this
new product was treated with pyridine, the dinuclear
cyanine (XLV) was obtained. This dinuclear cyanine was
also obtained directly in 70% yield when the hemicyanine
(XLVI) and 1,3-di-iminoisoindoline were heated in boiling
pyridine with 2-picoline ethiodide.

4-Picoline ethiodide, 2,6- and 2,4~lutidine
ethiodide, lepidine ethiodide, and 2-methylbenzothiazole
ethiodide were each used in similar condensations with the
appropriate hemicyanine.

These dinuclear monazacyanines are sparingly
soluble in alcohol and pyridine, and they can be recrystal-
lized from these solvents. The crystals have a marked
bronzy metallic sheen and contain alcohol or water of
crystallization, The cyanine (XLV) is not hydrolysed by
boiling concentrated hydrochloric acid but form$ a hydro-
chloride. This has a light absorption identical with the
bisquaternary salt, and on recrystallization from pyridine
the original cyanine could be again generated, Chroma~-
tography on an alumina column is a powerful tool for
purification of these compounds which have intense light
absorption maxima in the visible region giving blue

coloured solutions in methanol.
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The long-wavelength absorption maxima (with
extinction coefficients) for the hemicyanines (Chapter 1)
and the dinuclear cyanines are listed in Table 4. In
general the dinuclear cyanines have long-wavelength
absorption maxima about 200 %P further to the red than the
corresponding hemicyanines and the tinctorial values are
much higher.

4 few detailed points in this work are con-

sidered under the following sub-headings:-

The Pyridine Series

The cyanine derived from 2-picoline has /\max

615 qy, B = 58,000 whilst that from 4-picoline has )\max

660 qg, L = 115,000. This structural change causes a
45 gy bathochromic shift and the extinction coefficient
has doubled. Strong abgsorption at 370 %p is also
developed.

The cyanine derived from 2,4-lutidine has more
than one possible structure. However, i1t has already
veen concluded from light absorption data that the 4-
methyl group of 2,4-lutidine ethiodide condenses with di-
iminoisoindoline, rather than the 2-methyl group.
Consequently the structure (XLVII) for the cyanine is

regarded as most likely to be correct. Support comes



Type of
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Table 4
Hemlcyanine Dinuclear Comparison
(H- CHR between
dinuclear

cyanine and

v H-R
it ‘ -~ S /\
S
NH, l

CH=R
4286 my 615 gy 187 qp
El = 10,000 E2 = 58,000 E2/E1 = 3.5
415 wp 618 mp 203 gy
E; = 16,000  E, = 56,000 Ey/E) = 3.5
442 mp 660 my 218 m

E, = 29,000 E, = 115,000 E2/El = 4.0

432 mp
E. = 16,000 E2 = 58,000 E2/El = 3,5

545 mp 213 mp

478 My 735 mn
L., = 56,000 E, = 180,000 E2/El = 3.2

257 mp

485 mp 621 qp

7
393,000 E,/E; = 5.8

136 qp
E. = 22,000 B

no
"
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CHg
) E 6 @/]:C” He

l/}N 2 I
\NT CH@N-CQ He
Oy OFl
(>TvIID) (XLVII)

from further light absorption information. It is seen

in Graph 7 and 8 that especially in the ultraviolet region
there are two kinds of absorption envelope. One type is
characteristic of 2,6-«lutidine derivative and the 2-
picoline derivative, and the other type is characteristic
of the 2,4-1lutidine derivative and the 4-picoline cyanine.
A strongish absorption band at 372 mp is present for both
the 4-methylpyridine derivative and the 2.4-dimethyl-
pyridine derivative with I = 91,700 and 30,000 respect-
ively. No marked absorption band appears at this position
in the spectra of the 2,6-lutidine and 2-picoline deri-
vatives. This leads one to believe that the 2,4-

lutidine derivative has a 4-position linkage (XLVII)

rather than the 2-position linkage (XLVIII). Further

support for this conclusion comes from qualitative
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observations on the rates of reaction. The preparation
of the 4-methylpyridine derivative (XLIX) required 10 hr.
of refluxing for completion, the 2-methylpyridine deri-

-~ vative (XLIV) required over 20 hr., whilst the preparation

of 2,4-1lutidine derivative was completed in 12 hr.

Quinoline Series

Although lepidine ethiodide reacted similarly
to the methyl pyridinium salts to form the dinuclear aza-
cyanine, quinaldine ethiodide failed to give the

azacyanine (L).

e
Lo,
//N gtt T '
roe (L)
CH-— l N
\Y 7

Instead, the self condensation product (LI) was obtained

which has characteristic maxima at 486 and 520 gy, (litera-

ture values are 490 and 523 my). (32)

An alternative route to the degired azacyanine

(L) was also tried. This consisted in condensing the






- 66 -

amino group of the hemicyanine (XVIII) with 1 mol, of
guinaldine ethiodide. The experiment was also abortive.
It gave the self-condensation product (LI), and the
original hemicyanine (XVIII) was recovered.

The product from lepidine ethiodide (III)
has ./\maX 735 mp, E = 180,000 which is the longest
wavelength absorption of all the cyanines gtudied here.
The 4-picoline derivative (XLIX) has /\max 660 my,
E = 115,000, The effect of annelating a benzené ring
with the pyridine nucleug in this case is a 75 qy batho-
chromic shift, and the extinction coefficient has about
doubled. In the corresponding hemicyanines reported in
Chapter 1, annelation of an aromatic nucleus causes
either a 30 %p or a 45 mp bathochromic shift depending on
whether the pyridine ring is attached to the rest of the
molecule by the 2- or the 4-position respectively. The
bathochromic shift in the dinuclear cyanine (LII) is

about twice that in the corresponding hemicyanine (XVIII).
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Experimental Section

1,3-Di~(2'—pyridylmethylene)isoindoline 1',1l!'-diethiodide.

()
2-Piccline ethiodide (5.0 g.) and 1,3-di-imino-
isoindoline (3.0 g.) were heated together in boiling
ethoxyethanol (100 ml.) for 17 hr. during which ammonia
was evolved. The reaction product precipitated on
cooling, m.p. 272-275°%, (5.0 g.). Recrystallization
from methanol-water gave red needles, m.p. 263-264°,

(4.6 g., 63%) of the dihydrate.

Found: C, 44.7; H, 4.1; I, 40.0; N, 6.6; 0, 4.7%
C24H1912N3O2 requires
¢, 44.7; H, 4.5; I, 39.3; N, 6.5; O, 4.9%.

The three unit cyanine, bis-(l-ethylpyridine-2)- 4, §-(o-

Y —azapentamethincyanine iodide, (0.3 g.)

phenylene)-
was heated with ethyl iodide (0.5 ml.) in nitroethane

(5 wl.) in a sealed tube at 120° for 12 hr. A greenish
black precipitate was obtzined. This compound melted

at 121-124°. Recrystallization from water gave red
needles, m.p. 263°, (0.2 g.). No depression was observed

in a mixed m.p. with the bisquaternary salt prevared

above,
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~ D
Preparation of bis-(l-ethylpyridine-2)- ﬁ3, O -(o-

phenylene)- X'-aquentamethincyanine iodide (XLV).

a-Picoline ethiodide (m,p. 129-130°, 43%)
was obtained by heating a-picoline (9.3 g.) in boiling
ethyl iodide (2 ml,),.

2-Picoline ethiodide (1.0 g.) and 1,3-di-imino-
isoindoline (0,3 g.) were heated in boiling pyridine
(20 ml,) for 26 hr. The solution became viscous and
green, The solution was evaporated to dryness and the
residue redissolved in pyridine. A crystalline precipi-

tate (XLV), m.p. >>400°, (1.0 g. 83%) was obtained.

Found: C, 60.0; H, 5.2; I, 26.6; N, 8,7%
024H24I N5 requires
¢, 60,03  H, 5,03 I, 26.43 N, 8,7%.

Note: Ammonia was still evolving at the end of 20 hr.

refluxing in pyridine,

™his compound was also prepared from 2-(l-amino-
3-isoindoleninylidene )methylpyridine ethiodide (XIII);
(XTII)(1.95 g.) and 2-picoline ethiodide (1.30 g.) were
heated together in boiling pyridine (50 ml.) for 26 hr.
The solution remained green in colour and ammonia was still

detected after 20 hr. of refluxing. The solution gave a
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bronzy precipitate, m.p. >>400°, (2.5 g.) when cooled.
It was identified as the monazapentamethincyanine ( ’\ma

407, 615 ?P)'

X

Preparation of 1,3-di(4'-pyridylmethylene)isoindoline

1!',1'-diethiodide

4-Picoline ethiodide (2.5 g.) and 1,3-di-
iminoisoindoline (0.7 g.) were heated together in pyridine
(50 ml.) for 10 hr, during which ammonia was evolved.

The solution was cooled in ice and a blackish-brown
precipitate was collected, m.p. 330-334%, (1.0 g.). The
precipitate was recrystallized from methanol giving bronzy
needles, m.p. 295-295.5° (0.8 g.)
Dihydrate:
Found: C, 44.5; H, 4.5; I, 39.3; N, 6.45 0, 4.5;
wt. loss 5.3% @ 150°
C24H2912N3q2 requires
c, 44,7+ H, 4.5; I, 39.3; N, 6.5; 0O, 5.0 .
wt. loss 5.6% for dihydrate.

Preparation of bis-(l-ethylpyridine-4)- /31}9 -( 0~

phenylene)~ ¥ -azapentamethincyanine iodide(XLIX).

The filtrate from this reaction was allowed to

pass through an alumina column, Development with
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isopropanol gave a yellow, a blue, and a green band (ratio
of widthe, 1:5:3); each of which was eluted. The blue
solution was evaporated to dryness and the solid recrystal-
lized from ethanol to give bronzy blue needles, m.p.

244-245° (0.5 g.)

Hemihydrate:
Found: C, 59.0: H, 5.0; I, 26.3; N, 8.1; O, 1.4%
024H251N3O°5 requires
¢, 58.8; H, 5.1; I, 25.9; N, 8.5; 0, 1l.6%.
The yellow solution was evaporated to dryness giving a ~l-
low precipitate which was identified as 1,3-di-(4'-pyridyl-
methylene)isoindoline-1',1'~diethiodide ( /\max 509, 659
mp). The green solution product was identified as the

hemicyanine (XV), Anax 442 .

[
Preparation of bis-—(l-ethyl-6-methylpyridine—2.)- fg, o =

(o-phenylene)— ¥ -azapentamethincyanine iodide.

2,6-Lutidine ethiodide (2.6 g.) and 1,3-di-
iminoisoindoline (1.4 g.) were heated under reflux in
propanol (100 ml.) Tor 24 hr. during which evolution of
ammonia was detected. The solution was evaporated to
dryness under reduced pressure and the solid was dissolved

in chloroform (250 ul.). Chromatography of this solution
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on alumina (Spence H) and elution with chloroform
afforded a blue, a green and an orange band. Rechroma~
tographing +the blue solution on alumina column gave a
blue solution which was later evaporated to dryness under
reduced pressure. Recrystallization of the product from

ethanol yielded 0.1 g., m.p. 248—2490.

Found: C, 61.3; H, 5,73 I, 24.6; N, 8.2%
026H28IN3 requires
c, 61.3; H, 5.5; I, 24.9; N, 8,2%.

Preparation of bis-{l-ethyl-2-methylpyridine-4)- 3, 57—

(o-phenylene)- § -azapentamethincyanine iodide. (XLVII)

2.4~Lutidine ethiodide (2.6 g.) and 1,3-di-
iminoisoindoline (1.4 g.) were heated under reflux in
butanol (50 ml,) for 12 hr, during which evolution of
ammonia was detected. The solution was cooled and a
black precipitate, (1.8 g.), m.p. 250-275°, was obtained.
This black precipitate was recrystallized from ethanol to
give brown needles (0.4 g.), m.p. 245-246°, This was
identified as the hemicyanine, 4-(l-amino-3-isoindolen-
inylidene )methyl-2-picoline ethiodide (XVII) by elementary

analysis and light absorption.
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Found: €, 51.6: H, 4.9; I, 33,1; N, 10.3%
017H18IN3 requires
¢, 52.2; H, 4.5; I, 31.0; N, 10.3%.

( /\max 219, 255, 432 m/u),

Chromatography of the filtrate on alumina (Spence H) and
elution with chloroform afforded a blue, and a green band.
Rechromatographing the blue solution on alumina column
gave a blue solution and after it was evaporated to
dryness, the precipitate was crystallized from ethanol to

give bronzy needles, m.p. 258° (0.3 g.).

Ethanolate:
Found: ¢, 60.5; H, 5.8; I, 22.5; N, 7.5; O, 2.6%
C28H34IN30 requires
¢, 60.5; H, 6.1; I, 22.85; N, 7.6; O, 2.9%.

Preparation of bis-(l-ethylquinoline-4)- /3, é)~(o—

phenylene )- ¥ -azapentamethincyanine iodide (LII).

Lepidine ethiodide (3.0 g.) and 1,3-di-imino-
isoindoline (0,7g.) were heated in pyridine for 8 hr.
Strong evolution of ammonia gas was detected. The
brownish black solution was evaporated to a few ml, and a

vigcous solution resulted. Attempted crystallization
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from ethanol and ethyl cyanoacetate failed,
When the methanol solution was allowed t0 pass through an
alumina column and the chromatogram was eluted with iso-
propanol, a blue solution was obtained. This solution
was evaporated to dryness. Recrystallization from
methanol gave blue needles, m.p. 283-284° (0.7 g.)
Monohydrate:
Fouwnd: €, 63.7:; H, 5.2; I, 20.9; N, 6,6%
032H3OIN3O requires
¢, 64.,1; H, 5,03 I, 21.2; N, 7.0%,

Elution of the column with methanol gave a greenish-brown
solution. The precipitate from this solution was
recrystallized from methanol giving crystals, m.p. 240-
241° (0.9 g.). This was identified as the hemicyanine
(XIX), A gy 335, 478 mp

The hemicyanine (XIX)(0.8 g.) and lepidine
ethiodide (0.5 g.) were heated together in pyridine (50 ml.)
for 8 hr. A gum resulted when the solution was evapor-
ated to 5 ml. Chromatography on an alumina column gave
a blue and a reddish-brown band. The blue solution was
identified as that of the three-unit cyanine ( )\max 415,
475, 735 qp). The solution was evaporated to dryness and

the precipitate had m.p. 282-284° (no depression with
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admixture of a sample of the monazapentamethincyanine

(LII) obtained from previous preparations.

Preparation of big—(1l-ethylbenzothiazole-2- /3-g>—(o—

phenylene)- § —azapentamethincyanine iodide (LIIT).

2-Methylbenzothiazole ethiodide (2.7 g.) and
1,3-di-iminoisoindoline (0.7 g.) were heated together in
ethoxyethanol (50 ml.,) for 40 hr, A dark brown solution
was obtained, with evolution of ammonia. When the
resulting solution was cooled, the greenish black crystals
were collected. Recrystallisation from methanol gave

reddish brown needles, m.p. 334° (0.6 g., 20%)

Found: C, 56.8; H, 4.2; I, 21.1; N, 7.2%
028H24IN382 requires
C, 56.7; H, 4.43 I, 21.4; N, 7.,1%.

Attempted preparation of the corresponding monazapenta-—

methincyanine (L) from quinaldine ethiodide.

Quinaldine ethiodide (3.0 g.) and 1,3-di-imino-
isoindoline (0.7 g.) were heated together in boiling
pyridine for 5 hr. Ammonia was evolved during the heating.
The purple precipitate, m.p. 250-254° (1.5 g.), was

collected after the solution had cooled. Recrystallization
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from methanol-butanol gave brown needles but these were
st111 impure (elementary analysis). Rechromatography on
alumina gave brown needles, m.p. 251-255° (1.0 g., 33%

based on quinaldine ethiodide).
Found: €, 60.9; H, 5.5; I, 25.6%
025H291N20 requires
¢, 61.2; H, 5.9; I, 25.9%.

The compound has )\max 221, 258, 335, 486, 520 mp.

Ethyl red with 2-methyl substituent on one of the quino-

line nuclei was reported to have A 517 my

(9)

max

was discussed in page 4.

A further attempt to condense 2-(l-amino-3-
isoindoleninylidene )methylquinoline ethiodide (XX) with
quinaldine ethiodide also failed, and again the Ethyl
Red derivative wags isolated, (identified by light absorp-

tion /%max 486, 520 %p).
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Absorption Data
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Absorption Data (cont,)
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Section B, Asymmetrical Diazacyanines.

The formal subgtitution of two of the methine
groups in the polymethine chain of a cyanine by two
nitrogen atoms gives a compound called a dlazacyanine.
a,a'-Diazatrimethincyanines have been prepared by reacting
ethyl orthoformate with two mols of amino-substituted-

33

heterocyclic—-quaternary--ammonium salts in pyridine.

S
. Py - oH =
@::} M, + CH(oEt)s -2y @ib)-;n o = N —(
8 | 4
c
o e £ O

CHs
In this connection, 2-amino-6-methylbenzothiazole
ethiodide was successfully condensed in boiling pyridine
with 2-(3-amino-l-isoindoleninylidene)methylbenzothiazole
ethiodide to give (l-ethyl-6-methylbenzothiazole-2)
(1'-ethylbenzothiazole-2' )58 —( o-phenylene WY -diazapenta-

methincyanine iodide (LIII),

/©* me (]i)r Catle 1°

C, Hg I S/ CH,

(XX) (LIIT)
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The resistance of the guinaldine hemicyanine
(XVIII) to further reaction with a mol. of gquinaldine
ethiodide was mentioned in Section 1 of this Chapter.
Nevertheless the compound (XVIII) condensed in boiling
pyridine with 2-amino-56-methylbenzothiazole ethiodide to

yield the diazapentamethincyanine iodide (LIV).

(XVIII) (LIV)

An attempt to0 condense 2-aminopyridine with the
picoline hemicyanine (XIII) failed even in pyridine as a
reaction medium. Seventy per cent. of the hemicyanine

(XIII) was recovered.
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The terminal amino group in the hemicyanines is
somewhat unreactive presumably because of the cationic
resonance, (it bears a partial positive charge) (Chapter
3). Reaction is only to be expected with groups which
have a high electron availability.

The light absorptions of these two asymmetrical
diazapentamethincyanines are shown in Graph (10). The
similarity between the longest wavelength (first order)
absorption bands of these two compounds indicates that
the degree of positive charge resonance in the two
molecules is of the same order.

This accords with Brooker's finding that in
the polymethincyanines the 2-benzothiazole and quinaldine

(34)

nuclei are almost equivalent chromphorically.
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Experimental Section.

The preparation of (L-ethyl-6-methylbenzothiazole-2)

(1'—ethylbenzothiazole-2 },f (o-phenylene k y-diazapenta-

methincyanine iodide (LIII).

2(3-Amino-l-isoindoleninylidene Jmethylbenzo-
thiazole ethiodide (0,4 g.) and 2-amino-G6-methylbenzo-
thiazole ethiodide (0.3 g.,) were heated in pyridine (20 ml.)
The brown solution gradually changed to a violet colour
during 2 hrs. heating and a violet precipitate appeared
on the sides of the flask. The solution was cooled after
4 hrs., refluxing, and the precipitate, m.n. 400° (0.5 g.,
70%), was recrystallized from methanol to give violet

flakes, m.p. 230-232°,

Methanolate:
Found: C, 54.5; H, 4.53 I, 19.7; N, 8.8%
029H291N4S2O requires
¢, 54.,4: H, 4.6; I, 19.8: N, 8.8%.

This compound was also recrystallized from pyridine when

it formed violet needles, m.p. 265—2670, of the hemihydrate.

Hemihydrate:
TFound: C, 54,63 H, 4.2; I, 20.5; 0, 1.5%
028H25IN4S2 .5H,0 requlires

&

¢, %4,5: H, 4.2; I, 20.5: 0, 1.3%,



The preparation of (1-ethyl-6-methylbenzothiazole-2)

(f—ethquuinoline—2‘);§,5 (o-phenylenc) ’ , ! -diazapenta—
|

methincyanine iodide (ILIV ).

2-(3-Amnino-l-isoindoleninylidene )methylquinoline
ethiodide (C.9 g.) and 2-amino-6-~methylbenzothiazole
ethiodide (0.5 g.) were heated in butanol (50 ml.) for 17
hr. The mixture did not digssolve and so the butanol was
evaporated and replaced by ethoxyethanol (50 ml.). The
hoiling solution was left refluxing for 4 hr. On cooling
the resulting solution gave violet-coloured flakes. They
recrystallized from ethanol giving violet flakes, m.p.

249-250° (0.3 g., 25%).

Found: €, 59.63 H, 4.5; I, 21.1: N, 9.4%
C3OH27IN45 requires
¢, 59.8; H, 4,5; I, 21l.1: N, 9.3%.

Attempted condensation of 2-aminopyridine and 2(l-amino-

3-igoindoleninylidene )methylpyridine ethiodide.

2(3-Anino-l-isoindoleninylidene(methylpyridine
ethiodide (1.9 g.) and 2-aminopyridine (0.5 g.) were
heated under reflux in pyridine (50 ml.) for 14 hr.
There was no detectable evolution of ammonia,. When the

solution had been evaporated to dryness, the precipitate
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was recrystallized from ethanol. The starting hemicyanine,
2(1l-amino-3~isoindoleninylidene)methylpyridine ethiodide

was obtained, m.p. and mixed m.p. 255-257° (1.3 g., 70%).

Hydrolysis of (l—ethyl-6-methylbenzothiazole-2) (1'-ethyl-

guinoline-2" )P Lg (o-phenylene) &, ¥ ~diazapentamethin—

cyanine iodide (LIV).

(1-Ethyl-6-methylbenzothiazole--2)(1'-ethyl-
quinoline—2! )ﬁ ,% (o-phenylene) et , ) -diazapentamethin-
cyanine iodide (0.603 z.) was dissolved in concentrated
hydrochloric acid (15 ml.) and the solution was warmed on
the gteam bath for 20 min. The violet colour gradually
discharged to an orange coloured solution. On cooling,
light yellow needles separated, m.p. 233-234° (0.091 g.)
The filtrate was evaporated to dryness and taken up in
15 ml. of boiling water. The solution was cooled in ice
and another crop, m.p. 229-231° (0.085 g.) was collected.
The m.p. of a mixture with phthalimide was depressed.

The light absorption in methanol is as follows: A nax
207, 241, 320, 402 mp which was identified as that of
2(1-0xo0-3-isoindolinylidene)methylquinoline ethiodide.
The filtrate was warmed with 5 ml. of saturated picric acic
solution and a yellow precipitate, m.p. 142-145° (0.230 g.)

was collected, The admixture with authentic
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2-amino~-l-ethyl-5-methylbenzothiazole picrate gave no

depression in melting point.

Preparation of 2-zamino-6-methylbenzothiazole.

p-Toluidine (5 g.) was mixed with a homogeneous
paste of cupric chloride (19 g.), potassium thiocyanate
(17 g.) and glacial acetic acid (8 g.). The paste was
warmed to 40° and ltept for 15 min. The colour changed
from a brownish bvlack to yellow. After adding one
litre of boiling water in three increments, the filtrate
wag neutralized with ammonia, The precipitate was
recrystaliized from ethanol and then had m.p. 135° (5.0 g.)
(Literature m.p. 134°).

Preparation of 2-amino-o6-methylbenzothiazole ethiodide.

2-Amino-G-methylbenzothiazole (6.0 g.) was
heated on the steam bath with ethyl iodide (2 ml.) for

4 hr, Recrystallization from methanol gave colourless

2

flakes, m.p- 24'1"430 (701 [ 61%)-
Found: C, 37.6: H. 4.3; T, 39.5: N, 9.2%
ClOHlBIst requires
¢, 37.53 H, 4.13 I, 39.6; N, 8.8%.
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This compound was Ffurther characterised as its picrate as

followsg:

Preparation of 2-amino-l-ethyl-b-methylbenzothiazole

picrate.

2-Amino~6-mnethylbenzothiazole ethiodide (1.0 g.)
wag dissolved in ethanol-water (5-15 ml.) and to it a
saturated picric acid solution (5 ml,) was added. After
15 min., the precipitate was filtered off. The yellow
precipitate, m.p. 140—1420, was recrystallized from water

giving yellow needles, m.p. 144-145° (0.57 g.).

Found: €, 47.5: H, 3.7; I, 16.3% C16H15N507S requires
¢, 45.6; M, 3,6; N, 16,56%.
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Section C. Triazapentamethincyanines.

A triazatrimethincyanine has been prepared via

(35)

a diazonium salt intermediate (LV) as follows:-

PyL
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However, a triazapentamethincyanine with alternate aza and
methin links has not been renorted before.
During a study of the reactions of l,B—di—

(21) it was shown

iminoisoindoline with primary bases,
that two mols., of 2-aminopyridine condensed smoothly with
the imidine to give a 3-unit compound (VI). This with
methyl iédide gave a dimethiodide (VII) which, it was
thought, might yield a triazapentamethincyanine. by loss of
the elements of hydrogen iodide, However, the conversion
was not demonstrated.

This transafrmation has now been successfully
accomplished and the work has been extended. 4-Amino-
pyridine, 2-amino-4-methylpyridine, 2-amino-6-methyl-

pyridine, and 2-amino-4-methylbenzothiazole have all been
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condensed with 1,3-di-iminoisoindoline in boiling butanol
solutions to give the corresponding symmetrical three-unit
products.

The 4-aminopyridine derivative (LVI) has
m.p. > 400° whilst the other four derivatives all melt
below 200°, Becauge this high melting product was so
insoluble, no attempts were made to make the correspon-
ding triazacyanine.

2-Amino-5-methylbenzothiazole was found to be
especially reactive towards the imidine. Under mild
conditions an adduct (LVII) was obtained without elimina-
tion of ammonia. The infrared spectrum confirmed the
presence of NH, groups (maxz., at 3349- & 3155 cu™).
Only once before has similar behaviour been encountered,
in the reaction between m~-phenylenediamine and the

(36) The present adduct (LVII) was rather more

imidine.
gstable and in bbiling butanol gave the 3-unit condensation
product rather slowly, with evolution of ammonia. In a
comparative experiment, 2-amino-6-methylbenzothiazole
ethiodide was found to condense rcadily with 3-imino-1-
oxoisoindoline and not yield an adduct in thils case.

The second gtage in making the triazapenta-
methincyanines involves quaternization of the correct two

nitrogen centres. The 2-aminopyridine derivative (VI)
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gquaternized smoothly with ethyl iodide in a sealed tube at
lOOO.(21> However, the methyl-substituted-pyridine deri-
vative (LVIII) gave unexpected difficulties. Using
similar conditions, i.e. in a gsealed tube with an excess
of ethyl iodide, a monoethiodide dihydroiodide (LIX) was
obtained. Many other reaction conditions were tried and
a further account is given in Chapter 5. Successful
gquaternization to give the desired product was only
achieved in nitroethane as solvent, with c¢thyl iodide at
100° in a sealed tube for 4 hr.

The third stage concerns the reﬁoval of the
elements of hydrogen iodide. The strong base, sodium
ethoxide, gave only 20% yield of the cyanine but when
pyridine was used a high yield, 70-80% was obtained.

The red product obtained by heating the 2-amino-
6~methyl-benzothiazole~three—-unit-product (XXXIV) with an
excess of ethyl iodide in a gealed tube at 100° showed, on
elementary analysis, 24y iodine. It appeared that the
bisguaternary salt wag unstable, and indeec on recrystal-
lization from methanol the iodine content dropped further
to 19% which is that required for the corresponding triaza-
cyanine methanolate (IX). Later, the light absorption

data confirmed that the final product was the triazacyanine.
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A preparation of the 2-amino-6-methylbenzo-
thiazole triazacyanine (LX) was successfully achieved by
mixing methanol solutions of the two amino-substituted-
quaternary-ammonium-salt (LXI) and 1,3-di-iminoisoindoline
and allowing the combined solution to stand in the dark at
room teunperature. An 85% yield was obtained in 24 hr.
This is in marked contrast to 2-aminopyridine ethiodide
which has no tendency to react with 1,3-di-iminoisoindoline
even in boiling butanol for 40 hr. (Chapter 3).

The long-wavelength absorption maxima of the
3J-unit condensation producits, the bisquaternary salts and
the cyanines are tabulated in Table V, For the pyridine
derivatives, there is only a few mp shift to the red when
a 3-unit condensation product became quaternized, but on
changing to the triazacyanine, the long-wavelength maxima
shift from the ultraviolet to the visible by 65-74 mjL
Similarly the 2-amino-&-methylbenzothiazole derivative
shows a 55 mp bathochromic shift for the change from the

3-unit product to the cyanine.
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Experimental Section

Condengation of 1,3~di-iminoisoindoline with 2~amino-

guinoline.

2-Awminoguinoline (1l.4g.) znd 1.3-di-iminoiso-
indoline (0.7 g.) were heated in dry butanol (20 ml.,) for
17 hr. A yellow precipitate was obtained when the solu-~
tion was cooled. The »nroduct was extractively crystal-
lized from carbon tetrachloride to yield yellow Tflakes,

m,p. 197-198°, (0.9 g., 48%).

Tound: C, 78.1: H, 4.0; N, 17.7% 026H17N5 requires
¢, 78.2: H, 4.3; W, 17.5%.

Hydrolysis of 1,3-di{2-guinolylimino)isoindoline.

The three-unit condensation product, 1,3~di(2-
gquinolylimino)-isoindoline, (0,5 g.) and dilute hydro-~
chloric acid were mixed and the solution was heated to
boiling. On cooling, phthalimide separated, m.,p., and
mixed m.p. 229-230°, saturated picric acid solution
(5 ml.) was added and the yellow precipitate collected,
m,p. 256-258° (0,201 &., 1.6 mol.). 2-Aminoguinoline

picrate is reported to have nm.p. 2589,
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Condensation of 3-imino--l-oxoisoindoline and 2-zmino-6-

methylbenzothiazole.

3-Imino-l-oxoisoindoline (2.4 g.) and 2-amino-
6-methylbenzothiazole (2.5 g.) were heated in butanol
(50 m1,) for 4 hr. The yellow precipitate, m.p. 268~
272° (4,0 g.), was recrystallized from ethanol giving

yellow needles, n.Dp. 288° (2.9 g., 65%).

Found: C, 65,0: H, 3.8; N, 14.3%
Found: C, 65.6; i, 3.9; N, 14.5% C,5Hy1M308 requires
¢, 65.5; H, 3.8; N, 14.,3%.

Condensation of 4-aminonyridine and 1,3-di-iminoisoindoline

4-Aminopyridine (1.6 g.) and 1,3-di-iminoiso-
indoline (1.45 g.) were refluxed together in ethanol
(50 ml.) for 24 hr, Ammonia gas was still being evolved
after 24 hrs. heating. The solvent was evaporated under
reduced pressure, and butanol (50 ml.) added: in 2 hr, a
1light green precipitate had formed. hen the solution
was cooled in ice more of a greyish precipitate, m.p.
S 400° (2.8 g.), was obtained. Recrystallization from

. . o
quinoline gave a colourless powder, m.p. > 4007,



Tound: C, 71.8; H, 4.,4; N, 22.9; 0, 0.8%
018H13N5.l/oH20 requires

’

C, 71.8: H, 4.4; H, 23.1; 0, 0.,7%.

The Adduct from 1,3-di-iminoisoindoline (0,145 g.) and
2-amino-5-methylbenzothiszole (0,300 g.) were separately
dissolved in ethanol (5 nl., each), and the two solutions
mixed together. On gstending for 17 hr. a colourless
precipitate was collected (0,031 g.), m.p. 125-133° (with

evolution of gas).

Found: €, 59.9; H, S5.4; N, 19.0; 0, 3.1%,
N .1 i
024H23J7S2.J2H50H requires

¢, 60.1; H, 5,55 N, 18.9; 0, 3.1%.
The m.p., was depresgsed by 2-amino-o6-methylbenzothiazole,

The infrared spectrum showed two strong peaks at 3349 and
3155 cm_l indicuting the presence of —NH2 groups. The
3155 cm_l peak wes more prominent when the compound was
examined in a potassium chloride plate.

The adduct wes initially obtained when a butanol
gsolution containing the henzothiazole and the imidine in
two to one wmol., ratio was heated under reflux for 15 min.

A colourless precinitate appeared and later changed

gradually from a pale green to a dark green in 30 min. of



- 93 -

heating. Then, on further heating, the precipitate

redissolved evolving ammonia to give a brownish-yellow
solution. After 4 hr., heating, the three-unit conden-
sation product, 1,3-di-(5-methyl-2-benzothiazoleimino)-

isoindoline, began precipitating out of +the solution.

Condensation of 2-amino-6-methylbenzothiazole with 1,3-

di=-iminoisoindoline.

2=-Amino-5~methylbenzothiazole (1.2 g.) and
1,3-di-iminoigoindoline (0.5 g.) were heated in boiling
butanol (50 ml,). The solution turned greenish in 30
min., and ammonia was strongly evolved. After 3 hrs.
refluxing an orange precipitate appeared. After cooling
the solution in ice, the solid, m.p. 274~2780, was col-
lected and recrystallizcd from ethanol to arfford orange

coloured needles, m.p. 289° (0.8 g., 56%).

He H, 4,25 N, 16.0% N.S, requires

Cogfy7853,

()

Found: C, 6
C, 66,1; H, 3.85; W, 15,7%,

€)Y

Then This compound was heated with dilute hydrochloric
acid a colourless precipitate was obtained which was

identified as phthalimide, m.p. and nixzed m.p. 230°,
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Attempted quaternization of 1,3-di(6-methyl-2-benzothiaz~

olylimino)isoindoline with ethyl iodide.

The base (0,503 g.) and ethyl iodide (1 ml.)
were heated in a scaled tube at 100° for 10 hr. The red
coloured precipitate, m.n. 330-340° (0,701 g.) was
recrystallized from nitrobenzene-ethylacetate giving red
coloured flakes, m.p. 343-345° (0,598 g.). The light
absorption spectrum of this compound ( }*max 414, 457
(infl.), 500, 535 wp ) was identical with that of the

following cyanine,

Preparation of bis—(l-ethyl-6-methylbenzothiazole-2) B , &
' i

(o-phenylene) of , ¥ , £ ~triazapentamethincyanine

iodide

1,3-Di-iminoisoindoline (0.3 g.) and 2-amino-
s5-methylbenzothiazole cthiodide (1.3 g.) were heated
together in boiling ethano1l(8 ml,) for 4 hr., during
which ammonia was evolved. After evaporation of solvent

to 2 ml., a red flaky precipitate, m.p. 268—2740 (1.0 g.,

80%) was obtained. Tlementary analysis showed 24.24%
iodine. The required iodine content for the bisquater-

nary salt is 33,78% and the cyanine requires 20.36%.
After recrystallizations from methanol the iodine figure

had dropped to 18.9% which corresponds to that required
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for the cyanine methanolate (028H261N582.CH3OH requires
19.4% iodine).

In another »nreparation methanol solutions of
l,3-di-iminoisoindoline (0.3 g.) and 2-amino-G6-methyl-
benzothiazole ethiodide (1.3 g.) were mixed and kept at
room temperature. A red flaky precipitate, m.p. 2859
(0.2 g., 13%) was collected after half an hour. A

second crop wag collected after the solution had been kept

in the dark for 24 hr. (1.1 z., 71%).

Found: ¢, 53.1; H, 4.8: I, 19.2: N, 10.4; O, 2.6%
028H261N582.CH3OH requires
Cg 53.1; II, 4‘.6; I, 19-4'; N; lOc7; O, 2.6%-

Hydrolysis of bis—(l-ethyl-6-methylbenzothiazole-2)x, |

£ —triaza- £ , % ~(o-phenylene)pentamethincyanine iodide.

The triazacyanine (O.504é g.) was dissolved in
ethanol (15 ml.), concentrated hydrochloric acid (15 ml.)
was added, and the solution was heated on the steam bath
for 40 umin. The colour discharged to a pale yellow
and on cooling a colourless precipitate was collected,
m.p. 233-234° (0,91 £., in two crops). The Tiltrate was
evaporated to dryness and the residue was redissolved in

boiling water (15 ml.) and a cold picrate acid solution
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(5 ml.) was added. The yellow precipitate (0.271 g.)
had m.p. 140-142° not depressed by the authentic picrate,

m.p. 144-145°,

1-3-Di~(2~pyridylimino)isoindoline diethiodide.

2-Aminopyridine (4.0 g.) and 1,3-di-iminoiso-
indoline (3.0 g.) were dissolved in butanol (50 ml.) and
refluxed for 10 hr., during which ammonia was evolved.
Evaporation under reduced pressure and crystallization of
the greenish residue, m.p. 170-183°, from ethanol gave
yellow needles, m.p. 133°, (4.2 g.). 1,3-Di-(2-pyridyl-

s A . o)
imino)isoindoline was reportcd to have a m,p. of 182",

This three-unit product (1.0 g.) and ethyl
iodide (1 ml.) was heated in a sealed tube at 100° for
10 hr. to giv%?&ed precipitate, m.p. 250° (1.6 g., 78%).
Recrystallization from ethanol gave red needles, m.p.

2519 (1.3 g.).

Found: C, 42,9; H, 4.1; I, 41.3; ¥, 11.6%,
CoplisyIolly  requires
C, 42.2; H, 3.5; I, 41.5; N, 11.45%,
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Conversion of 1,3-di-(2-pyridylimino)isoindoline diethio-

dide to the corresponding triazapentamethincyanine iodide.

1,3-Di-(2-pyridylimino)isoindoline diethiodide
(0.05 g.) was disgolved in dry ethanol (10 ml.) to which
sodium ethoxice ( .007 g.) was previously added.  There
was a glight deepening in colour and the solution was
warmed on the steanm bath ZJor 5 min, The solution was
evaporated under reduced pressure to 3 ml. and no preci-
pitation was observed when the solution was cooled in ice.
Upon addition of cyclohexane (S ml. ), yellow needles were
obtained. Recrystallization from methanol-cyclohexane
afforded yellow needles, m.p. 189° (0.0l g., 20%), of the

cyanine methanolate:

Found: C, $3.2; M, 4.7; I, 24.6; N, 13.1%
C23H261N50 requires
¢, 53.6: H, 5,03 I, 24.7; N, 13,6%.

Alternatively, the diethiodide (0.3 g.) was warmed with
pyridine (10 ml.) and a deepening of colour was observed.
After evaporating the solvent to dryness under reduced
pressure, the residue was recrystallized from methanol.
Yellow needles were obtained (0.165 g., 65%), m.p. and

nixed m.p. 189-190° with the above cyanine.,
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Preparation of 1,3-di-(4-methyl-2-pyridylimo)igoindoline.

2-Amino-4-methylpyridine (2.2 g.) and 1,3-di-
iminoisoindoline (1.4 g.) were refluxed in butanol (50 ml. )
for 24 hr, A greenish yellow precipitate was recovered
when the solution was cooled in ice. Recrystallization
from methanol gave yellow needles, m.p. 159-160°

(2.1 g., 60%).

Found: C, 73.0: H, 5.3; N, 31,5%
C2OH17N5 requires
¢, 73.4: H, 5.2; N, 21.4%.

Hydrolygis of 1,3—di—(4-methyl-2—pyridylimino)isoindoline.

1,3-Di-(4-methyl-2-pyridylimino)isoindoline
(0.5 g.) was boiled in dilute hydrochloric acid (10 ml.)
for 5 min. On cooling, colourless needles of phthalimide
separated, m.p. and mixed m.p. 230-231° (0.09., 0.54 mol.)
The filtrate was treated with saturated picric acid
solution_(B ml, ) and the yellow precipitate formed was
recrystallized from water to give yellow needles, m.Dp.
227-229° {2-—amino-l-ethyl-4~-methylpyridine picrate has
m.p. 225-227°).



- 99 -

1,3—Di—(@:methyl—Z—pyridylimino)isoindoline diethiodide.

1,3-Di(4-methyl-2-pyridylimino)isoindoline
(3.3 g.) and ethyl iodide (3 ml.) were added to nitroethane
(15 ml. ). The mixturc was heated in a sealed tube at
100° for 4 hr. The orange precipitate, m.p. 233-235°
(4.0 g.) was recrystallized from nitroethane to give orange

needles, m.p. 253-254° (2.3 g., 30%) of the monohydrate.

Found: C, 42.,2; H, 4,0: I, 40.5; N, 10,6%
24ﬂ2712Nr.h O requires
¢, 42,2: H, 3.6: I, 40,5; N, 11.2%.

Generation of the corresponding triazapentamethincyanine

iodide from the above bisquaternary salt.

1,3-Di-(4-methyl-2-pyridylimino)isoindoline
diethiodide (m.p. 254°, 1.0 g.) was heated in pyridine
(50 ml.) for 10 min. and the solution was cooled in ice.
Orange-red coloured crystals were Tound and upon recrystal-
lization from pyridine the cyaninevformed red coloured

needles, m.p. 225° (0.4 g., 50%).

Found: C, 56.6: H, 5.,0; I, 24.,8; N, 13.9%
024H261N5 requires

C, 56.4; H, 501: I, 24"8; N’ 13'7%’
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Preparation of 1,3-di-(5-methyl-2-pyridylimino)isoindoline.

1,3-Di-iminoisoindoline (3.0 g.) and 2-amino-6-
methylpyridine (4.4 g.) were heated together in butanol
(100 ml.) for 6 hr., during which ammonia was evolved.
After the solution had been cooled in ice, a greenish
vellow precipitate, m.p. 120-125°%, (5.1g., 75%) was
obtained, Recrystallization from methanol-water gave

yellow needles; n.p. 148—1500 (4.5 &4, 66%) .

Found: C, 73.4: H, 5.2; N, 20.9% C,oll 75 Tequires
c, 73.4; H, 5,23 N, 21.4%,

Hydrolysis of 1,3-di~(6-methyl-2-pyridylimino)isoindoline.

The three-unit condensaticn product (0.5 g.)
wes treated with dilute hydrochloric acid (10 ml.) and
boiled for 3 min. On cooling, phthalimide separated,
m.p. and mized m.p. 232-233° (0.08 g., 0.5 mol.).  The
filtrate was evaporated to dryness and the precipitate was
taken up in 10 ml. of boiling water. On cooling, another
crop of phthalimide (0,02 g,) was collected. To the
filtrate, a saturated picric acid solution (5 ml.) was
added and in 10 min. the yellow precipitate, m.p. 220~
2239 (0.2 g.) wes collected. Recrystallization from

dimethyl ketone gave yzllow prisms, m.p. 028-229°
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(2-amino-6-methylpyridinium picrate melts at 206-2289),

Quaternization of 1,3-di-(6-methyl-2-pyridylimino)iso-

indoline.

The three-unit condensation product (0.5 g.)
and ethyl iodide (1 wl.) were heated to 105° in nitro-
methane (10 ml.) in a sealed tube for 4 hr. Addition of
ether to the resulting red coloured solution gave a red
precipitate, m.p. 195-200° (0.8 g.). This red precipi-
tate after recrystallization from ethanol afforded orange-
yellow needleg, w.p. 205-205,5° (0.5 g., 60%) of the

bisquaternary salt.

Found: C, 43.2: H, 3,6; N, 11.1% C,oHy3 Il requires
c, 43.2: H, 3.8; N, 11.5%.

Recrystallization from water afforded orange coloured
necedles of the hydrate, n.p. 2050.
Found: C, 42.9: H, 3,0; I, 40,7; N, 11.4; O, 1.4y
loss in wt. at 150° 1,5%,
C22H2312N5.%H2O requires
¢, 42,63 H, 3.,9: I, 40.,9; N, 11.3; 0, 1.3,

wt. loss for hemihydrate, 1.5%.
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Generation of the corresponding triazapentamethincyanine

iodide.

1,3-Di~(6-methyl-2-pyridyliminoc)isoindoline
diethiodide (1.0 g.) was heated in pyridine (50 ml.) for
10 min, and the solution cooled in ice. Orange-red
coloured crystals were obtained. Recrystallization from
pyridine gave orange coloured needles, m.p. 185-187°

(0,2 g.).

Found: C, 56,7; H, 4.95 I, 24.4; N, 13.3%
024H26IN5 requires
C, 56.4: H, 5.13 I, 24.8; N, 13,7%.
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Table V. Long-wavelength Abgorption maxima, mp

Type of 3-unit

lucleus product
R
aC
~ NH
N
R
CHg
3 340
N
N

gy 355

bisquaternary

salt Triazacyanine
N-R-Et l R-Et
- “\@ - ™~ ? (&)
E:Er/ NH S I
N {/
[ =R-Et
346 405
350 429
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Chapter 5. Quaternization reactions.

Quaternization of a tertiary amine either aroma-
tic-heterocyclic or aliphatic in nature is one of the main
operations in cyaninc synthesis,; the former is for
cyanines @nd the latter for hemicyanines. It has been
shown that simple cquaternary ammonium salts are more
readily obtained than cuaternary salts of larger wmolecules
having more than two rings. 2-Methylperinaphitho-1,3-
thiazine ( IXI ) ycsisted quaternary salt formation. 1In
coutracst, guinaldine and benzothiazole, for example, are

easlily quaternized.(37)

Y
L 0
N\NlX

= X and Y
maybe
H or CHj
(LX)
T
(LXI1)

In the present work, the quaternisation of three~
unit condensation products LX) was performed +o produce
the corresponding hiscguaternary salts. These were needed
for two different »nurposcs. Firstly, it was hoped to

generate azacyanines from them by lozsg of the elements of

hydrogen iodide, This cbjective was successfully realised
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(Chapter 4, Section C.). The second purpose was to
activate the extranuclear methyl groups so that they
might be condensed with another mol. of 1,3-di-imino-
isoindoline or other difunctional reactive compound 1o
form a macrocyclic bisquatiernary salt. 1t was hoped
from such products o obtain macrocyclic cyanines (again
by loss of the elements of hydrogen iodide). This will
be discussed in Chapter 6. In the present Chapter, some
abnormalities in the quaternization reactions with ethyl
iodide are described.

The three-unit condensation product (LXIIj
X = CH3, Y = H), when refluxed with ethyl iodide at
atmospheric pressure gave the monoethiodide, In a sealed
tube at 100° for 4 hr. with an excess of ethyl iodide, the
monoethiodide dihydriodide was formed, which was converted
into the monoethiodide by pyridine. The bisquaternary
salt (LXIII) was finally obtained by heating the three-
unit (LXII) in nitroethane with 2 mols. of ethyl iodide
in a sealed tube at 100° for 4 hr. The other three-
unit condensation product (LXII; X =H, Y = CH3) gave
the diethiodide (LXIII) in an excess of ethyl iodide in a
sealed tube at 100° for 4 hr., and when nitroethane was
used a penta-ethiodide was produced. Surprisingly, the

penta-ethiodide was recovered unchanged after 1 hr. in
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bolling pyridine: it had been expected to lose the

elements of hydrogen iodide:- Cl
CaHg 7 \ < |
ow—2! &
” + N é H{
! Lon l 2
AN Safg N N=C 5 H¢
ihTL:DN:gn”s T ¢zl
X < CoH, 0 n 8]
L 7208 T CD/\’ “® I
SN __ N s 1 f &
"R l Cry
c‘li

On acid hydrolysis, N-ethylphthalimide and a picrate with
m.p. 193-194° were obtained. 2-Aminopyridine ethopicrate
melts at 183-184° and the mixed m.p. was depressed.

Hence thig picrate with m.p. 193—194O may be the unknown
2-ethylaminopyridine ethopicrate, which would be expected
from the hydrolysis.

Prom these two sets of experiments it seems
that a methyl substituent on the 6-~position (x) tends to
inhibit bisquaternary-ammonium-salt formation, presumably
sterically. The inductive effect of the methyl group
should assist quaternization, but it has been pointed out
that steric effects are often dominant in determining
S, 2 reactivity.(3%)

The introduction of polar nitroethane (dipole

moments: nitroethane, 3.19; ethanol (vapour), 1.68;
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ethyl iodide, 1.78)3%) nas overcome this steric effect.
Pogsible explsnations of the assistance by polar solvents
of such nucleophilic displacement reactions have been
discussed., It has been pointed out that a polar golvent
would tend to stabilize the resultant polar product and
would also remove energy from the intermediate activated

complex, thus preventing the intermediate from reverting

to the starting material.(4o) (41)
¢ NG - . ~ |
\ND st(j’; “‘(I — \Nl ) \N
e l §+ £ [ o
CHs HzC
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Experimental Section.

Quaternization of 1,3-di-(6-methyl-2-pyridylimino)-

isoindoline.

a. Quaternization in an excess of ethyl iodide (at

atmospheric pressure.

1,3-Di-(6-methyl-2-pyridylimino)isoindoline
(analytical purity, 1.5 g.) and ethyl iodide (redistilled,
1 ml,) were heated on a steam bath under reflux overnight
(14 hr.). Evaporation of the ethyl iodide under reduced
pressure gave a red precipitate (2.0 g.), m.p. 227-229°,
Recrystallisation from ethanol gave brownish flakes (1.5 g.)
m.p. 231-232°, 1,3-Di-(6-methyl-2-pyridylimino)iso-

indoline monoethiodide monohydrate.

Found: C, 52.4; H, 4.9% Coplly oINg.Hy0  requires

¢, 52.7; H, 4.8%,

b. Quaternization in a sealed tube in excess of ethyl

iodide.
1,3-Di-(6-methyl-2-pyridylimino)isoindoline
(1.5 g.) and ethyl iodide (2 ml.) were heated for 17 hr.

at 100°, A brown-coloured precipitate, m.p. 2000, was

obtained. Recrystallization from ethanol gave brown
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needles (2.5 g.), m.p. 204-205°, of the monoethiodide

dihydriodide.

Found: €, 35.5; H, 2,9; I, 52.1; N, 8.9%
022H221 N5.2HI requires
C, 35-8; H, 3.3; I, 51.4; TN, 9.5%.

When the compound Was recrystallized from pyridine the

monoethiodide, m.p. 233-233,5°%, was obtained.

Found: €, 54.1; H, 4.5; I, 26.6; N, 14.4%
€l
c, 54.7; H, 4.6; I, 26.25; N, 14,5%.

22IN5 requires

The light absorption was the same as that of the product
from the reaction of ethyl iodide at atmospheric pressure

(N 223, 265, 330 mp).

max

_Quaternization in nitromethane with an excess of ethyl

iodide in a sealed tube.

The 3-unit condensation product (LXI )(0.5 g.),
ethyl iodide and nitromethane (5 ml.) were heated in a
sealed tube at 105O for 4 hr, The red-coloured product
(0.8 g.), m.p. 195-200°, was recrystallized from ethanol
to yield yellow needles (0.3 g.), m.p. 205-205.5° of

diethiodide.
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Found: C, 43.2; H, 3,67 N, 11,2%
022H2312N5 requires

¢, 43.33 H, 3.8; N, 11,5%.
The second crop was obtained from the filtrate, and
recrystallization from ethanol gave red-coloured needles
(0.2 g.), m.D, 237-238°, This product has a light absorp-
tion spectrum identical with that of the monoethiodide
prepared previously. ( A nax 205 330 mp), and the
mixed m.p. was depressed with the diéthiodide. Presum=-

ably it is the wonoethiodide.

Quaternization with an excess of methyl iodide in nitro-

methane in a sealed tube.

The 3-unit product (0.6 g.), methyl iodide
(redistilled, 1 ml.) and nitromethane (5 ml.) were heated
in a sealed tube at 100° for 4 hr. A brown precipitate
(1.0 g.), m.p. 190-200° was obtained, which after recrys-
tallization from methanol formed yellow needles (0.7 &.),
m.p. 205°.

Found: C, 42.9; H, 3.5 I, 40.7; N, 11.4; O, 1l.4;
loss in weight @ 150°, 1,5%.
Dimethiodide hemihycrate, 022H23I2N5.%H2O requires
¢, 42.6; H, 3.9; I, 40.95 N, 11.3; 0.1.3:
loss in weight for H,0, 1.5%.
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A mixture with the product from ethyl iodide and nitro-

methane in a sealed tube, showed no depression in m.p.
A successful preparation of the diethiodide was reported
in Chapter 4, Section 3, by using nitroethane as a solvent

in a sealed tube for 4 hr.

Quaternization of 1,3-di-(4-methyl-2-pyridylimino)-

isoindoline.

The three-unit product (3.3 g.), ethyl iodide
(5 ml.) and ethanol (20 ml,) were heated in a sealed tube
at 105° for 10 hr., and a brown precipitate (0.72 g.) was
obtained. It had m.p. 267—2690, and upon recrystallization

from nitropropane gave brown needles, m.p. 265-266°,

Found: C, 32.5: H, 3.7: I, 57.4; N, 7.2; 7.8; 7T.7%
Pentaethiodide: CBOH42ISN5 regquires
¢, 32.5; H, 3.8; I, 57.3; N, 6.3%.

After this compound had been boiled in pyridine for 30 min.
and recrystallized from cthanol, the precipitate gave

brown needles, m.p. and mixed m.p. 268-269°,

Found: C, 32,35; o, 3.7% C3OH42ISN5 requires

¢, 32.5; H, 3.8%.



Hydrolysis of the penta-ethiodide.

The penta-ethiodide (0.509 g.) was dissolved
in methanol (2 ml,) and concentrated hydrochloric acid
(10 ml.) was added and the solution was boiled for 10 min.
When the solution wes cooled in ice no precinitate formed,
so the solution was evaporated to 3 ml. On cooling,
colourless needles separated. (0,010 g.), m.p. and mixed
m.p. 77-79° (N-ethylphthalimide, m.p. 77°). The
filtrate was evaporated to dryness and the reddish preci-
ritate was taken up in boiling water (10 ml,) to which a
gaturated picric acid solution (5 ml.) was added. The
yellow precipitate (0.19 g.), m.p. 188-1890, was recrystal-
lized from isopropanol to give yellow needles, m.p. 193-
194°,

Tound: C, 46.4; M, 4.2% C,,H--N_O, requires

147157577
09 46.1; I'I, 4-.1:/‘-’0
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Chapter 6. Macrocyclic Cyanines.

A deviation from Beer's law has been observed for
2,2'=cyanine golution in water and this phenomenon was
attributed to aggregation of the cyanine dye moleculesg42)
Further support for this explanation came from osmotic

(43) It was later

pressure and conductivity measurements.,
found that trimethincyanines exist in unimolecular,
dimolecular, and higher aggregation states by the study
of their absorption spectra, and for different degrees of

aggregation different absorption maxima and sensitizing

(45) The aggregate form sensi-
p, (46)

maxima were observed.(44)

tizes at a longer wavelengt
Polymeric cyanines have also been prepared.

Active-methyl-substituted bisquaternary salts in which

the two cyclic nitrogen atoms were linked by a hydrocarbon

radical were used for condensations with other bifunc-

tional compounds to generate polymeric cyanines as shown

by the example (LXIV). This polymeric cyanine was claimed

t0 have the ability to extend the sensitivity of silver

halide photographic emulsions., Such cyanine dyes were

also claimed to give much stronger absorption by the

gsilver halide grains and to prevent the wandering of dyes

(47)

to adjacent layers.



- 117 =

K/LSE/_ - 'N’
(CHz Je
|
= /Se\ N~
Q\N/_CH:RI;
* |
(CHz )s
i
&
NS
LA X
1)
o (1XV)
g 1°
® &n, i
Q= 0
2H5
“ 1 X ;]CH
| (1XVIT)

(IXIV)

I CQHE\}I\!T
~— ] -
10 9 (1XVI)
IG
1}
N-C,Hg



- 118 -

In view of the above findings, it might

De posscible to employ 2 macrocyclic cyanine cation

analogous to the porphyrins and phthalo-
cyanines. Since porphyrins and phthalocyanines are known
to aggregate rather well under suitable conditions,(48) it
would seem that if macrocyclic cyanines of this type were
prepared successfully, their physical properties would
afford a further test of the aggregation theory.

Trom the intermediates available in this work,
crogs—-conjugated macrocycles of the general type (LXV)<49)
could readily be wade where X and Y = N and/or =CH-, For
such compounds to be convertible into cyanines (via
guaternization and elimination of the elements of hydrogen
halide), it is necessary Tor the rings A to be aromatic
nitrogen-heterocycles and it is essential that a hetero-
nitrogen atom should be at one or more of the marked
positions (*) in each ring.  Hence 2,4- or 2,6-disubsti-
tuted pyridines or pyrimidines would be suitable inter-
mediates for their preparation.

To begin with, guaternization of the established
2,6-pyridine macrocycle was re-examined. A previous

attempt 20)

to quaternize this compound by heating with
methyl iodide at 100° in a sealed tube was unsuccessful.

So further attempts were made by heating the macrocycle in
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a polar solvent, nitroethane, with ethyl iodide, A brown-
coloured alcohol-goluble product was obtained, but puri-
fication of this has gtill to be accomplished. It
appears that the quaternization may be feasible, in spite
of the obvious steric hindrance, It might be; of course,
that quaternization is occurring on the aza links of the
large ring,and not on the pyridine nitrogens,as indeed
occurs with the benzene and naphthalene macrocycles.(Sl)
As an alternative approach, the reaction of
2,6-diaminopyridine ethiodide with di-iminoisoindoline in
boiling butanol was tried. This afforded a red, water-
soluble precipitate, elementary analysis of which indicated
that the product had the composition 020H191N6. This is
not intelligible on the basis of the reactants and its
constitution remains uncertain, When nitroethane was
used as a solvent, a product was obtained which had the
correct composition for the macrocyclic bisquaternary salt
(LXVI) but a proof of this structure has yet to be obtained.
A possible gimilar extension of the reaction
of active-methyl-substituted-quaternary-ammonium-salts with
1,3-di-iminoisoindoline wag also examined, This could
perhaps lead to the synthesis of macrocyclic cyanines
which have methin 1links and which would have some relation

to the porphyrins. It was hoped that such macrocyclic
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cyanines might be comparatively soluble and that they
would chelate metals. This further phase of work has
only just been touche! upon.

Some attempts to form macrocyclic bisquater-
nary salts were made by condensing 2,56~ and 2,4-lutidine
ethiodide with 1,3~di-iminoisoindoline in boiling butanol,
pyridine, and in nitroethane. In butanol, prolonged
heating (3 days) gave sparingly-alcohol-soluble compounds
which showed light absorption maxima at 640 and 560 mu
(from the 2,6~ and 2,4-lutidine reactions respectively).

he analyses suggested that the two products were hydrates
of the expected macrocyclic cyanines (LXVII) and (LXVIII),
or alternatively that the products were linear four-unit
compounds (LXIX), (LXX). However, a decision has not yet
been reached. In pyridine as reaction medium, there were
no signs of the formation of macrocyclic cyanines. The
products formed were identified as the corresponding hemi-
cyanines (LXXI) and (ZVITI), dinuclear pentamethinaza-
cyanines ( ZLVII) and (7LVIII) and a merocyanine (XXVIII).
In nitroethane, the reaction »Hroduct has an interesting
light absorption spectrua. Elementary analysis suggests
that the product might be the macrocyclic bisquaternary
galt, and the similarity of its gpectrum with that of the

supposed macrocyclic bisguaternary salt from 2,56-diamino-
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pyridine (LXVI) furnishes some support. However, this
work has not been completed for lack of time.

A few attempts were made to cyclise the hemi-
cyanines (LXXI) and (XVII) to macrocycles by heating in
nitroethane. The same brown coloured products were
obtained as from the reactions of the lutidine ethiodides
with di~iminoisoindoline in nitroethaﬁe: this was
demonstrated by the similerity of the respective absorp-
tion spectra.

Yet another approach to cross-conjugated macro-
cycles which would result in compounds with mixed methin
and aza links seemed feasible. It was considered that
bisquaternary-salts, which have extranuclear methyl groups,
ghould have gome reactivity. If so, they should condense
with 1,3~di-iminoisoindoline or another bifunctional
compound such as a dialdehyde to form a macrocycle which
had two methin and two aza links. A preliminary experi-
ment showed +that when the bisguaternary salt ( Lxil ) was
heated with 1,3-di-iminoisoindoline, ammonia was evolved
and an intense red-coloured gsolution resulted, Isolation

of the product has not veen achieved, however.
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Ixperimental Sectlon.

2,6-Lutidine ethiodide (2.5 g.) and 1,3-di-
iminoisoindoline (3.0 g.,) were heated in bufanol (50 ml.).
The solution changed to a dark green colour in 20 min.
and ammonia wag evolved, The solution was kept refluxing
for 40 hr,, after which fthe black-coloured precipitate was
filtered off. (Chromatography of the filtrate gave a
green and a red band. The green band was eluted with
pyridine but the red-coloured band, which changed brown,
was not eluted) The black precipitate was soluble in
acetone, chloroform, acctonitrile and only slightly
soluble in pyridine forming a yellowish-green solution.
Extractive crystallization of this »nroduct gave
a black precipitate, w.p. 120-122° (gas evolution and
blackening). This precipitate was extractively recrystal-
lized further from butanol (3 times, 28 hr., each) giving
a black precipitate, m.p. 212-214° (1.8 g.). Its light

absorption ( N ox 640 mp) is guite different from that

m
of the corresponding hemicyanine ( X‘max 415 mp),dinuclear
AMIDE

cyanine with a terﬂﬁluﬂiggoup,Ano THE monazapentamethin-

cyanine ( A 518 mp).

max
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Found: C, 82,0; H,.4.5; I, 17.3: N, 8.4; 0, 4.8%
wt. loss @ 150°, 2,7%
034H311N4O.H20 reguires
¢, 62.2; H, 5.1; I, 19.3; N, 8.5; 0, 4.9%

wt. loss Tor hydrate, 2.7%.
When this compound was dried at 150° for 4 hr., the
following elementary analysis was obtained.

Found: G, 53,65 H, 4.7; I, 19.4; I, 9.3%
31IN4O requires
¢, 63.,95; H, 4,9; I, 19.9; N, 5.8%,

On further heating (8 hr. at 1500) in vacuum there was no

loss in weight,

Condensation in Pyridine

2,6-Lutidine ethiodide (2.5 g.) and 1,3-di-
iminoisoindoline (1.4 g.) were heated together in pyridine
(10 m1,) for 17 hr. during which ammonia wag evolved. On
cooling, the solution gave a bronzy precipitate (3.0 g.),
m.p. 200-208°, This was redissolved in methanol (200.ml.)
and chromatographed on alumina, Development with iso-
propanol afforded separation into a yellow, a blue, a
green and an orange band (relative widths 1:4:10:6) which

were separately eluted. The green solution ( X\max415 mp)
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was identified as containing the hemicyanine (XIII), the

blue solution ( A nax 618 mp) contained the dinuclear

monazapentamethincyanine iodide (XLV), and the orange
coloured solution ( XA nay 400, 470 mg) the merocyanine

(XZVIII).

Condensation in propanol.

1,3-Di~iminoisoindoline (2.9 g.) and 2,6-
lutidine ethiodide (5.2 z.) were heated togzether in
propanol (500 ml,) for 24 hr.  Ammonia was evolved.
Although after 24 hr., anumonia was still being evolved, the
green solution was evaporated to 50 ml, and the solution
chromatographed on an alumina column. A blue, a green
and an orange eluatec were obtained by elution with acetone-

105 ethanol. The blue solution ( )\ 618 mp) was

max
identified as containing the dinuclear monazapentamethin-
cyanine iodide (XLV), the green solution ( A nax 415 mp)
contained the hemicyanine (XIII), and the orange solution

( X 400, 470 mu) the merocyanine (XXVIII).

max

Condensation in nitroevhane.

2,5~-Lutidine ethiodide (2.5 g.) and 1,3-di-
iminoigoindoline (1.45 g.) were heated in nitroethane

(250 ml, ) for 17 hr. durirg which ammonia was evolved and



the solution changed from a colourless to a green (2 hr)
and then to a brown colour (10 hrs. heating).  The
solution, after being cooled in ice, was evaporated to
dryness under reduced pressure and the residue was taken
up in chloroform (200 ml.). This solution was chromato-
graphed on an alumina column: +the solution changed to a
green colour on the column. The eluted solution was
evaporated to dryness and the precipitate was redissolved
in methanol. The solution gave a strong absorption at
580 and 630 m. but unfortunately no crystalline compound

could be isolated.

Condengation of 2,4-lutidine ethiodide and 1,3-di-imino-—

isoindoline.

a. Condensation in butanol.

1,3-Di-iminoisoindoline (3.0 g.) and 2,4-luti-
dine ethiodide (2.7 g.) were heated together in butanol
(50 ml.) for 28 hr. duriag which ammonia was evolved., On
cooling the solution, a bluish-black precipitate formed
(4.0 g.), m.p, > 370°.  The solution was extractively
crystallized from hutanol to yield a black solid, m.p.
213-214°, Thig absorbs strongly at 660 and 372 mp and

has another absorption of medium intensity at 258 mi
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Condengation in pyridine.

2,4=Iutidine ethiodide (2.6 g.) and 1,3-di-
iminoigoindoline (1.4 g.) were heated in boiling pyridine
(10 ml.) for 7 hr. Amrionia was evolved at first, but
Tinally this ceased. On cooling, a browhnish crystalline
precipitate (1.8 g.), m.p. 250-275° was obtained.
Recrystallization from methanol gave brown needles, m.p.
238°.  This was identified as the hemicyanine (XVII)

having A, nax 432 miL,

Condensation in propanol.

2,4-Lutidine ethiodide (2.6 g.) and 1,3-di-
iminoisoindoline (1.4 g.) were heated in Dboiling propanol
(50 ml,) for 24 hr. during which ammonia was evolved.

The solution was cooled and a black-coloured precipitate

(1.7 &.), m.p. 233-237° wag collected. Recrystallization
from methanol gave black needles, m.p. and mixed m.p. 2380
which showed ‘)\ 432 mp, identified as the hemicyanine

max
(XVII).

Condengation in nitroethane.

1,3-Di-iminoisoindoline (1.4 g,) and 2y 4=

lutidine ethiodide (2.6 g.) were heated together in boiling
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nitroethane for 24 hr. during which ammonia was evolved.
The green colour which was formed in the first hour's
refluxing changed into a brown colour overnight. On
cooling, a black precipitate (1.5 g.) m.p. 400°, was
obtained. Recrystallization from methanol gave a black

precipitate, m.p. » 400° (0.2 g.).

Found: C, 52.8; H, 5.0; I, 29.6; T, 6.9%
CygH3gIoM,0, requires
¢, 53.2; H, 4.7; I, 3l.2; N, 5.9%,

Its light absorption ig as follows:

220 mp, B = 270003 253 mp, T = 19000; 311 mp, E = 14000;
345 mp, T = 190005 374 mp, E = 250005 45C mp, E = 180003
460 up, L = 170005 527 mp, E = 3000.

Condensation of 2,6-diaminopyridine ethiodide and 1,3-di-

iminoisoindoline.

2,6-Diaminopyridine ethiodide (1.3 g.) and
1,3-di-iminoisoindoline (0.7 g.) were heated together in
boiling butanol for 30 min. From the cold mixture an
orange precipitate was filtered off (0.9 g.), m.p. 268~
270° (with evolution of gas). Recrystallization from
benzyl alcohol gave orange crystals, (0.4 g,) m.p. 268.5-

269.5°.
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Found: C, 51,33 H, 4.1: I, 26.6; N, 17.1%
620 19INr requires
¢, 51.13y H, 4,1; I, 27.0; N, 17.9%.

When this compound was wrecrystallized from water it formed
a dihydrate.
Found: C, 46,9; H, 4.,1; I, 25,13 0, 5.3%
020 191NF"H2O requires
C, 4'7.4'; I'I, 4‘.6; I, 25.1; Oy 6.39‘;-

Condensation in nitroethane

1,3-Di-iminoisoindoline (0.7 g.) and 2,6-di-
aminopyridine ethiodide (1.3 g.) were heated together in
nitroethane (50 ml.) for 24 hr. during which ammonia was
evolved. On cooling the solution yielded an orange preci-
pate, m.p. 274-275° (1.1 g.) Recrystallization from

water gave orange-red needles, m.Dp. 274-2750.

Found: C, 44,2; H, 4.8; I, 31.7: N, 14.35; 0, 5.1%
C3OH2512N8.2H20 requires
c, 44,63 #, 4,03 I, 31.5; N, 13.9; O, 6.0%.
Light absorption maxima at 250, 290, 350, 394, 485,

518 my,
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Preparation of 2,4-dimethylqguinoline methiodide.

2,4-Dimethylquinoline (3 g.) and ethyl iodide
(5 ml,) were heated on the steam bath with methanol (10
ml.,) for 17 hr. The residue was crystallized from metha-

nol giving needles, m.p. 065-266°,

Found: C, 48.7; H, 4.8: I, 42,33 N, 4,8%
612H14IN requires
C, 58.2; H, 4-07; I, 4214'; N, 4'07(/)?’0

Condensation of 2,4-dimethylquinoline methiodide.

1,3-Di~iminoisoindoline (3.0 g.) and 2,4-di-
methylouinoline methiodide (2.5 g.) were heated in butanol
(100 ml.) for 40 hr, during which ammonia was evolved.

A red solution appeared after 1 hr. and after 2 hrs,.
heating, a red precipitate was observed. On cooling, the
red precipitate was collected (2.0 g.), m.p. 2292339,
Recrystallization from pyridine gave red needles, um,Dp.
253-254°,
Found: G 58.,2; H, 4.5; I, 19.9; N, 9.3; 0, 5.9%
028H221N402 requires
¢,58.6; H, 3,9; I, 22.1; N, 9.8; 0, 5,6%.
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Preparation of 4-aminoquinaldine ethiodide.

4-Aminoquinaldine (4.7 g.) and ethyl iodide
(4.7 g.) were heated together in a sealed tube at 100° for
10 hr. The precipitate was recrystallized from ethanol

to give colourless necdles (7.1 g.), m.p. 133-135°.

Tound: C, 45.6; H, 5.0; I, 40.5; N, 9.,1%
012H151N2 requires

¢, 45.8; H, 4.8; I, 40.4:; I, 8,9%.
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Chapter 7. Light absorption and photographic sensitivity

of cyanine dyes containing the isoindole ring.

As reported in previous chapters, hemicyanines,
amide cyanines, merocyanines, pentamethinazacyanines,
pentamethindiazacyanines, pentamethintriazacyanines, and
cyanines containing four heterocyalic units have been
gynthesized. They are all closely related and contain
an isoindole ring as part of the chromephoric path. This
new range of cyanine dyes offers an opportunity for
testing the existing theories about colour. Some dis-

cussion of this is given after an outline of recent theory.

Colour and structure.

Dewar has pointed out that an understanding
of the relation between colour and constitution was not
possible until quantum theory had been developed.asz)
The number of energy states possible for a molecule is
not infinite but limited, and light will be absorbed if
the gquantum energy of the radiation is equal to the
difference in energy bvetween two of the possible states
for the molecule (usually a ground state and one of the

excited states). Direct consequence of a molecule being

a resonance hybrid is a reduction in the minimum



- 133 -

excltation energy, and this reduction is greater the more
similar the extreme canonical structures. If 2 molecule
can be regarded as a hybrid of two equivalent structures
(wave functions ﬂh and ﬂ%), then the gquantum mechanical
interaction of these giveg rise to two possible linear
combinations of the original wave-functions, (@, + §,)8(d-§)
respectively. The energy difference between these states,
the (quantum-mechanical) interaction splitting, gives the
excltation energy. If, however, the two extreme canonical
structures are not of the same energy, then the difference
in energy between the two possible states ml and $2 is
given by the sum of the interaction splitting and the
energy difference between the interacting (i.e. mesomeric)
structures. The minimum excitation energy is thus raised
and the light absorption will go to shorter wave-~lengths.
The energy relationships between ground and excited states

can be represented approximately as follows:-

‘Hﬁ ‘f. «—- %_
(?l — 8e| 0, iAE

o =\
V)

Resonance between structures Resonance hetween struct-

of like energy ures of unlike energy.

anA F53’8
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(53)

Brooker's work on the cyanine dyes has
provided much experimental support. When the end groups
('nuclei!') of a cyanine dye are dissimilar, the long-
wavelength absorption is not the mean of the absorptions of

the two related symmetrical dyes but there is a hypso-

chromic shift.

(54) (55)

However, Psuling and Moffitt have
shown that there is a flaw in the simple theory bhecause
pairs of extreme structures of the cyanine dye kind cannot
tinteract' appreciably but only through a chain of struc-
tures in which the formal charges reside on intermediate
carbon atoms. For example, besides the two equivalent
low energy structures (a) and (d) for the following dye,

account must also be taken of the intermediate higher

energy structurcs such as (b) - (¢), (e) and (f).
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The mathematical treatment then becomes very
tedious, but full calculations of this kind have been
done.<56) Ag a result the conclusions drawn from the
simple treatment have been justified and two further
important results obtained. These are that for symmetri-
cal dyes the wavelength of the first absorption band
(longest wavelength band) should increase linearly with
increasing chain length, but that for unsymmetrical d&es a
limit is approached asymptotically. These effects are
indeed observedu(67)’(58)

A molecular orbital approach, in which the
total electronic energy 1s taken as the sum of the energies
of the individual electrons is easier to apply for guanti-
tative calculations. The energy of excitation of a mole-
cule is taken as the energy required to move a single
electron from an orbital which it occupies in the ground
state to one of higher energy. For prediction of the
effects of gtructural changes upon light absorption, the
mathematical techniqué of perturbation theory can be
applied. This enables changes in molecular structure to
be related directly to changes in wave function energy.
First applications have been promising.(sg)

In the molvcular orbital approach, a conjuga-

ted hydrocarbon, for example, is first considered as a
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collection of two-centre ethylenic Ji -molecular orbitals
- as many as the number of double bonds. A1l of the 77 -
orbitals have the same two energy levels, corresponding to
the bonding and theé antibonding state (sce Fig. A), and
the excitation energy will correspond to the energy
difference between the two levels, for in the ground state
all of the electrons will be in bonding molecular orbitals,
If now the real structurc is a mesomeric one, then there
will be interaction between all of the molecular orbitals
and the interaction splitting will give rise to two sets
of orbitels as indicated approximately in Tig. C. The
result is a diminution of the minimum excitation energy
because the energy of some of the bonding orbitals is
raised whilst that of gome of the antibonding orbitals is
lowered. The effect should increase the more orbitals
there are to interact and so the light absorption should
shift to longer wavelengths the longer the conjugated
systen. This result applies only for closed conjugated
systems (aromatic hydrocarbons) or for mesomeric systems of
the syumetrical cyanine dye type. In a linear polyene, or
an asymmetrical cyanine, the resonance is uot between

equivalent bond structures and so there is some degree of

alternation in bond order along the chain, and the ratio of

the resonance integrals for any two successive bonds is no
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longer unity. This leads to the prediction that the posi-
tion of the first absorption band converges to a limit with
increasing chain length. The theoretically derived
equation fits the experimental values very well,

Other relations derived from the theory are
also of particular interegt in that they beaxr out experi-
mental findings well. Tor dyes formally derived from odd
alternant hydrocarhons ¥ (i.e. alternant hydrocarbons with
an odd number of conjuzated atoms) the following rules have
been obtained. (1) any pogitive substituent ( + 1, + E)
2t an active position, or any negative substituent ( - I,

- ) at an 'inactive' position should have a large hypso—
chromic effect. (2) Any positive substituent at an
"inactive' position, or negative substituent at an 'active!
position should have a smaller bathochromic effect.

(3) Revlacing carbon by nitrogen has the same effect as a

(4) Any £ T

AL

et
+ I substituent at the adjacent position.
substituent anywhere has a bathochromic effect. The terms

tactive! and 'inactive' position are convenient labels for

Footnotes: ¥ Molecules in which every other atom can be
'starred' without two stars or two unmarked
pogitions being adjacent. Thus naphthalene is
an alternant hydrocarbon but not acenaphthylene.

#% This rule is reworded here to avoid an ambiguity.
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atomic positions in the dye molecule, an 'active' position
being one where the formal charge can be placed by writing

principal resonance forms.

The effects of nitrogen atoms within conjugated chains.

The preceeding, theoretically derived rules
indicate that substitution of nitrogen ~N= for a methin
link in a cyanine dye could have two possible effects
depending on tvhe pogition in the chain, Examples quoted

0
by Dewar<6“) illustrate this well. Thus for the dye

@@L X (where X = CH,
| >\max = 523 mF)

in which the 'eactive' positions are those starred,
replacement of the central methin link by nitrogen (X = N)
produces a strong hypsochromic shift (to X‘max = 424 mp).
The effect i¢ the same as that of a + E substituent

attached to an active position - Rule (1).

TFor the dye (L¥XII)

# * Lo
Mag N @ = N Mep

(LXXII)
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the replacement of a methin link (X = CH; N _, =610 mp)
by nitrogen (X = N) produces a bathochromic shift (%o
N max = 140 mp). Here the result is equivalent to the
attachment of a + E substituent at an inactive position -
Rule (2).

In the following Table data for our monaza-
cyanine dyes (in which the aza link is provided by the
nitrogen atom of the isoindolenine ring) are listed

together with the first absorption maxima of known corres-

ponding methin cyanines.
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Table VI  Long-wavelength absorption maxima in
mp for pentamethinazacyanines and the

corresponding known pentamethincyanines.

CH-Q_‘
AT
R=CH-CH=CH-CH=CH-R @J"
+ s
(y) cHM=R
(X)

Nucleus, R Structure (y) Structure (x) Difference

548 615 33

648 621 27

810 735 75
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Each of our dyes shows a small hypsochromic
gshift. By Rule (3) the isoindolenine nitrogen atom is
effectively to be regarded ag a + E substituent attached at
an ‘active' position. This leads from Rule (1) to the
prediction of a strong hypsochromic shift. The phenylene
bridging group is a - T substituent and by Rule (4) it is
expected to produce a bathochromic effect. The nett
result should be a medium hypsochromic shift, The fact
that the observed shift is only small possibly requires an
additional explanation, This can be given in terms of
steric hindrance to coplanarity for our dyes, which may
also serve to account for the relative difference between
our 4-quinoline dye and the 2-pyridine and -benzothiazole
examples.

Theory (52>indicates that non-coplanarity can
have two consequences. In general it results in a batho-
chromic effect. It algo tends to increase alternation in
bond order along the chain, which as already pointed out,
results in a hypsochromic effect. This second effect will
be more important, the more there is bond-alternation
initially. So in unsymmetrical cyanines hypsochromic
shifts in the first absorption band will result from steric
hindrance to coplanarity whilst bathochromic effects will

appear for symmetrical dyes.
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The symmetrical dye (LXXIII) absorbs at 470 mp.
The change in substitution as in (LXXIV ) renders the mole-
cule non-planar znd it then absorbs 40 mp to longer wave-
length at 510 mp,(6o)
The unsymmetrical dye (LXXV ) absorbs at
500 mp. Here, the introduction of hindrance to coplanar-
ity as in the derivative (LXXVI ) results in a hypsochromic
shift to 493 mp.(60)
Our dyes, listed in the second column of the
foregoing Table ( VI ), are gymmetrical and so bathochromic
shifts are expected to result from any lack of coplanarity,
provided this is not so marked as to inhibit resonance
altogether. Scale drawings (see Figs.[6 %18 ) indicate
that there is some hindrance in the 4~quinoline dye (x, C)
but that this ig less than in either the 2-pyridine dye
(x, A) or the 2-benzothiazole dye (%, B).(These two are
much alike). fTone oF the reference cyanines (y) shows
any lack of coplanarity. Hence the 4-quinoline dye (x, C)

should show the least bethochromic shift due to lack of

coplanarity, as is indeed the case.

Bis-quaternary salts.

An interesting point arises from the light

absorption data for the bis-cuaternary salts prepared from
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the 3-unit compounds. Each of these bis-quaternary

salts shows a first absorption band in the same position as
for the corresponding cyanine, but of reduced intensity,
and a second, intense band at about 150 il to shorter
wavelengths, It appears then as 1f principal resonance
forms must be closely related to the two extreme, equi-
valent canonical forms for the cyanine. Such resonance

forms for the bis-quaternary salt can indeed be written as

(b) &-> (c).

The similarity in long-wavelength absorption to thaf of
the related true cyanine (x, A) is therefore to bhe expected.
Turther, it appears that superimposed on the
resonance so far considered is cationic resonance between
the nitrogen atoms in rings A and B, This can be written
ag (a) £--3 (b) plus (c) £4--2 (a) and it is suggested
that the 'interaction' of these shorter cyanine-like
chromophores could give rise to the second intense band

observed for the bis-quaternary salts.
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Benzothiazole series.

In the benzothiazole series we succeeded in
obtaining all representatives of the aza-cyanines which
our synthetical methods would allow. These compounds and
their first absorption maxima are listed in Table ( VII )y
together with the previously known pentamethincyanine
(LXXVII) and symmetrical monazacyanine (LXXViID for compar-
ison. [The 5-methyl group in these dyes causes only a
very small bathochromic shift as shown by the data Torx
compounds (LXXXII) and (LXXXIII). The bathochromic shift
observed on going from (IXXVIID to (LXXXIX) indicates the
magnitude of.the bathochromic effect (67 mp) resulting
from the - F bridging phenylene group (Rule (4), above).

It is almost two-thirds of the magnitude of the hypsochro-
mic effect of the central aza link which by itself is

94 mu (LXXVII to LXXVIIID. The introduction of a further
aza link as in (IXXX ), however, produces a further hypso-
chromic shift of only 61 mp, whilst a third aza link, as

in ( LXXXI) gives rise to the comparatively small hypsqf
chromic increment of 25 mp. In each case a hypsochromic
shift is expected, from Rules (3) and (1), above but the
rapid falling-off in the effect is unexpected. The final
dye ( LXXXI ) is symmetrical, in that respect resembling

( LXXIX), and a theoretical hypsochromic shift for each
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additional nitrogen in (ILXRXI ) can be taken as half the
difference between (LIXIX) and (LXXXI ), which is

86/2 = 43 mp. The dye (LXXX ) is unsymmetrical and so

the absorption would not e expected to fall mid-way between
the values for (LXXIX ) and ( LXXXI) but should be shifted
hypsochromically, as obsexrved.

In conclusion, it should be mentioned that a
selection of the new cyanine dyes described in this thesis
has been tested for photographic sensitizing action.

With the exception of Compound ( LII ) which showed a
alight sensitizing effect in chlorobromide emulsion at
600-670 mp, none of the compounds proved of interest in

this connection: +they were strong desensitizers.
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Compound
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1lst maxima

Compound
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