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A New Acridine Dye.

silv’rer halide emulsions, such as are used in photo-
g;;phy are éensit;ve only to the shorter wave lengths of
i light. The sensibility of.the emulsion is a maximum in the
violet ahd decreases to nearly zero in the green. However
' 1f-th§ emuision be Stained with a suitable dye, it may be
nade‘éen31t1ve to the longer wave lengths, the sensitization
heiﬂg dependent upon the dye used. Thus thé dye erythrosin
Qonsitizés to green, pinaverdol to green and yellcw, pina-
cyanol to orange and dicyanin to red.

The dyes mentioned above, with- the exception of the
érythr081n, belong to a general ¢l1a8s known as cyanines,
* The characteristic of this c¢class is that they are all der-
ived from alkyl 38alts of quinoline derivatives, The various
dyes of this class are divided into groups, division being
éhiefly made upon a correlation of Spectrographic¢c properties
.and empirical methods of preparation. Considerable ﬁork has
been done in an effort to definitely determine the structure
of the different dyes in order to find the relation between
color and sStructure of the different dyes. During the last
few years there have been.published several articles on
this subject, the most complete being those published by
Otto Fischer 1 and assistants and those by W.H. Mills 2
and co-workers at Cambridge.

The cyanine dyes are divided into two main groups, the

cyanines and the carbooyanines, The cyanines are the dyes
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g._forméd by'condanSation whenhalf of the total alkyl salt
- of a o(_orymethyl substituted quinoline is converted into
the base. Formation of the cyahines takes place in the
| absence of oxidizing or condensing agents. Carbocyanines
are formed in a similar manner except the presence of
some oxidizing agents, formaldehyde, chloroform or Some
éim;lar compound 18 required in the condensation. Carbo-
cyanines absorb light of longer wave length and corres-
pondingly Sensitizes to longer wave lengths than the
cyanines,

The structure of the cyanines has been worked and
speculated upon a great dsal © and at present it is well
agreed that they are composed of two quinoline nuclel,
joined thru a -CHZ group, either x,x‘or x,Y‘or v,y to the

nitrogen of the two nuclei. Thus the probable forms are,

*CD (p-cu8« 8-0“8

)
wherera repredents an alkyl group.

The determination of the structure of the carbocyanines
offers a more difficult problem because of the additional
side reactions caused by the presence of other materials
in the condensation process, It is generally agreed that
they are similar to the cyanines except the nuclei are
joined by a longer chain of carbon atoms. The introddction
of the longer chain causes a deepening of color, which

means that light of longer wave length 18 absorbed.
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.vFische: 1 suggests and offers fairly good evidence that
thé ﬁuclei are joined by the chain ~-CH=0= while Mills 2
has apparently proven that the joining is thru the chain
-CH=CH-CH=, at leést in the case of the carbocyanine dye
pinacyanol, formed from quinaldine ethiodide in presence
: bf‘formaldehyde. This structure indicates that the form-
aldehyde is ﬁacessary for the formation of the dye,
whersas the same carbocjanine can be obtained by merely
oxidizing the quinaldine ethiodide. However, in view of
the fact that alcohol is preésent in the preparation of
the d&e that the alcohol takes part in the condensation
reaction causing a grouping -CH=CR-CH= where R might be
H or CHz depending upon conditions. The presence of the
group CHz in one dye and not another might not have had
enough effect to have been noticed by rough comparison
of absorption data. For this reason taken with the fact
that -CH=CR is not a conjugate chain grouping it seems
that the strpctures, indicated by Mills formula for the
pinacyanol, for the carbocyanines are probably correct.
in view of the fact that the carbocyanine dyes formed
from y medbyl and «,y dimethyl gquinclines absordb and
sensitize to longer wave lengths than other dyes of this
group , 1t should be expected that a derivative in which
bdth &K and ¢ positions Qf the quinoline ring are substituted
might produce a dye absorbing even longer wave lehgths. The

shift of absorption would he greater the heavier the
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;_substitutents in these positions. Another fact entering
into cén51deration_as to susbstituents would be to use
non=reactive ones io prevent side reactions along with the
condensation reaction. With these facts in mind the writer
decided to find out if it were possible to derive a dye
from the alkyl salts of meso-methyl acridine that would
be analogous tc the carbocyanines. In this compound both
the and positions are bonded into a benzene ring, thus
tending to fulfill the desirable properties outlined above.

The formation of the dyes i3 in general ascribed to two
characteristics of or methyl substituted quinolines. -
The first is that the hydroxyl group of the quaternary
ammonium base shift to the or position. The other
éharacteristic is that the methyl groups are very reactive,
condensing with aldehydic and nitroso compounds with ease,
Meso-methyl acridine exhibits these characteristies to
nearly the same degree as the methyl gquinolines do. Hantsch4
has measured the rate of the shifting of the hydroxyl group
of the base and finds it comparable to that of the quinolines.
Friedl%nder ° and Borsche © have studied the condensation of
the methyl group with aldehydes and nitroso compounds, find-
ing close analogy to the reactivity of the methyl group in
either lepidine or quinaldine.

Meso-methyl acridine for the experimental work was made
by the dehydration of acetyl diphenylamine with anhydrous
zinc chloride in an open flask rather than using the method

of Bernsthen 7 bn &rdés to avoid the use of glass bombs.
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~ The yield was not quite as high but the reaction was more
convenient to carry out. The alkyl iodides of the methyl
3crid1ne were formed by heating the constituents in a
- ¢loSed iron bomb, giving a good product. It was found
| impossible to properly crystallized the ilodides from
elither alcohol or water and the final procedure adopted
was to wash the finely ground product from the bomb with
ether several times. This gave a Suuficiently pure compound
tb carry out the experiments on dye preparation.
Considerable experimenting was done in an effort to

determine the best conditions for dye preparation and to
find what influence the different constituents in the reaction
have upon the dye formation. The experimental work is
difficnlt to interpret and the preparation of the dye is
chiefly a matter of following an experimentally determined
method if a yield is to be obtained at all. The best dye
formation apparently takes place with methyl acridine
methiodide in ethyl alcohol of about 99% in the presence of
formaldehyde, although this latter does not appear to be
essential to the reaction other than a suitable oxidizing
agent or caltalyst wnichever dt may be. Dye formation seems
to vary with the concentration of alechol, methiodide and
the time of heating.

- The solutions of the dye are green, alcohol belng used
as 8Solvent as the dye is not very soluble in water. The
Sclutions reflect purple-biue light and have a yellow coler

along with the green. The dye as obtained is probably a
mixture of
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"»‘nixture of several different color Substances along with
'ihé:dye substance dasirod. Attempts to obtain pufe crystals
of_thé dye were not very succesful although some purification
‘can be obtained by crystallizing from alcohol by evaporation
in vacuo.

The absorptibn of the dye solutions was roughly deter-
ﬁineﬁ by photographing the absorption spectra upon an
llford panchromatis plate on a Hilger SpecﬁrOPhotometer.
This work was performed by Sinclalr Smith and Arthur Klein
of the Physics department of the college and the writer
wishes to express his thanks for their help. The absorption
data shows that the dyes prepared from the methiodide in
either methyl or ethyl alcohol are probably identical. Also
that the dyes prepared with formaldehyde gan be made with
benzaldehyde as the absorption déta is nearly the same.

The absorption of the green dyes prepared in the dlfferent
manners begins about 6 00 Angstrom uhits and extends out
further, the upper limit not being determinable with the
apparatus and piates that were used.

An experimexit was tried to find if the dye sensitizes
photograghic emulsions. The experiment indicates that there
is sensitization at about 6600 A and another sensitization
band at 7000 A althoughf the latter band is rather weak.

Due to lack of time it was not possible to more carefully
determine the sensitization. This work was also performed
by the men mentioned above, to whom the writer owes his thanks.

Prints of the plates obtained are shown in the experimental

part of this paper.
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_ Experimental.

Prapardtion of dbetyl-diphenylamine. ~ Diphenyl amine is
refluxed with a 15% excess of acetic anhydride for Several
.hours then product is poured, with stirring ihto ice~water

Filter off the acetyl-diphenylamine wash and dry. M.P. 100°C.

Prepar;tion of meso-methyl acridine. - Equal weights of the
acetyl-diphenylamine and zinc chloride are heated together
for about 12 hours at 220°'C. The product is extracted with
fairly strong HoS04 , Solution poured into water, filtered
and then the methyl ac@#idine is precipitated out with NH;OH.
Yields obtained with various times and temperatures varied

from 30%~ 45% of theory.

Purification of methyl acridine. - 10 g. of methyl acridine
in 50 cc alcohol, to which is added, with stirring, a solution
of 10 §. of tartaric acid in 100 cc of alcohol. Filter, wash
then mix with water to form a Sludge which 18 stirred into
NagC03 solution., Filter off and wash the pure methyl acridine.

it may be recrystallized from alcohol or alcohol-water Solutions,

Preparation of methyl acridine methiodide. ~ 10 g. of methyl
acridine and 11 g. of methyl iodide are Sealed in a bomb and
kept at 90°'C. for several hours. The product is ground, washed

with ether several times and dried. Yield is about 13 g.

The ethiodide is prepared in identical manner.
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A.Réactions éoncerning dye preparation.

Formation of pseudo-base. ~ 1 g. of Me-A-iel dissolved in
water,addition of NaCH causes white precipitate that coagulates
‘to yellow chunks.This is the pseudo-base as the quaternary
ammonium hydroxide would be Soluble.

Reaction in water solution.

.-1;'0,001 mol Me~A-Mel in 60 cc water, 0.0008 mols NaOH added.

Boiled in CO2 for 30 min. giving red ppt. from yellow solution.
2. Same as l. with addttion of 0.85cc M0% formaldehyde.

Result was identical with 1 as far as observable,

3. Same as 1 with air bubbling thru solution.

Le33s red precipitate and darker colored solution than 1.

4. Same as l. with .228g (0.001 mol) ammonium persulphate.

Black precipitate from light yellow solution.

Reaction in 507 ethyl alcohol-water solution.

The procedurs was same as above with 50% alcohol as solvent.
The general results are the same except that yellow-brown
Solutions with green reflection are formed. This indicates
greater dye formation.

Reaction in 95% alcohol solutions. *

Procedure was repeated in the stronger alcohol solutions.

1. Intensely yellow brown solution with some green coloration.
2. Same as l1l. of this set,

3« Yellow solution with strong green coloration indicating
great dye formation in this ease.

4. Oxidation with persulphate with this concentration of

alcohol was not tried.
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. The reactxons outlined on the precedlng page were per-
formed 1n only a general qualltitive way as no attempt was
'nade to determine dye formation other than by a comparison of
‘colors formed. The following are more quantitative,

1. 0.0005 mols Me-A-Mel in 30 cc methyl alcohol, to which
is added, in boiling solution 5cc 0.5 N Nanathélate Solution
eontalning lcc 407 formaldehyde solution. The Solution 1s
¢ooled wheresupon .24g of black tarry solid'éame down. Blaek
solid gives yellow solution changing to green after léng
standing.

2! Experiment was repeated using Na ethylate solution.

Results wers the same, yielding .27 g solid;

2. 30cc ethyl alcohol were used as solvent, with Na ethylate.
Gave a brown precipitate weighing .53 g and on addition of a
little water gave a further red precipitate of .10g. Bothé of
these precipitates give yellow solutions changing to dark green
and Standing two days. Ethyl alcohol was the solvent.
‘3. The ethiodide is used in methyl alcohol with Na ethylate.
Gave .llg brown precipitate with 0.06g of a black solid on the
addition of some water. The precipitates give yellow-brown
solutions, the alcohol precipitate solution changing to green
in about three days. k

.4. The ethiodide is used in ethyl alcohol.
9.22 g of red-brown precipitate came down and .18 g more pre-
cipitsted on addition of water. The solution of the precipitates
in alcohol w&s yellow changing to green on standing a few days,

The precipitates in the case of 2 and4 were the greatest.

Time seems to be the necessary factor to form the green dye.
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7a ;freparati6ﬁ of the dye.(Best methods)
   ge£iy17acr1dine.methiddide in methyl alcohol solutlon.
o.oi mol in 60cc methyl alcohol, and to boiling solution
‘13 slowly added 10 cc 0.5N sodium methylate sdlution con-
. taingng 1.5 cc 40% formaldehyde. After long boiling the
solution 1s cooled. A few tarry yellow black crystals
.‘}séﬁarate out from the yollow solution. Yleld about .5 g
, wh1ch dissolve in alcohol to yellow solution which changes
io the gresn dye solution.

fnéihyl'acridxne methibdide in ehtly alcohol solution.
'0.01 .m0l in 60cc ethyl alcohol to which 18 added the same
as above under sSame conditions. After 1ong—b0111ng the
_ s61uz1pn_1s cooled whereby considerable red-bromm-black

'jprpaiﬁitate is formed from darkagreen solution. 0.5 to'1.25g

'fléthyl acridine methiodide in ebhyl alcohol with benzaldehyde
| 0.01 mol in 60cc ethyl alcohol tb which 13 added in bolil-
_ing solution 10 cc 0.5N sddium methylate solution with 0.6g
--b?nzaldehydb. After long bbiling solution is cooled, giving
green-yellow solution with black tarry sediment. This will

'_jdissolve in ethyl aicoh01 giving a clear green 3olutlon.

the dyes uded in the spectrographic work were prepared

- according to the above prbcadnro.

The prints of the plates made on the Spectrometer are

‘shown on the next page.



Absorption spectra of the different dye preparations.
1. is blamk 2. is dye from Me-A-Mel in ethyl alcohol with
formaldehyde. 3. is dye from Me-A-Mel in methyl alcohol

with formaldehyde. 4. is dye from Me-A-Mel in ethyl

alcohol with benzalliehyde. (40 second exposures3
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Summary .

1. A general alscussion of the cyanine dyes is given.
<% Tne relation of the properties of methyl acridine amd
those considersd essentlal to formatlon of cyanine dyes
is discussed.
3. The preparation of the dye from the alkyl lodldes of
methyl acridine is described and discussed.
4. Some specirograpnic measurements are shown,sShowing the

absorption and sensitization properijf

of the dye.
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