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ABSTRACT

Known allopolar and meropolar dyes were synthesized. Solutions
of the two allopolar dyes were prepared in various solvent systems.
Visilile abgorpiiorn spectra were taken at four differsnt temparatutes,
The extinction coefficients of the meropolar and holopolar forms of
the allopolar dyes were determined, Entropy and enthalpy values for
the equilibrium constants of the allopolar dyes were calculated.




INTRODUCTION

Cyanine dyes can hardly be identified as a new class of heterocyclic
compounds since their beginnings date back to 1856.1 Quinoline was one
of the first heterocyclic compounds to be isolated from natural sources,
and because it was readily available, dyes containing quinoline nuclei
were the type most commonly studied until the 1920's. 1In the 1920's the
rediscovery of Hoffman's work with benzothiazole bases led to a new
field of cyanine dye chemistry.2

Organic dye molecules having the ability to absorb visible light
contain what is called a chromophoric system. The systems of greatest
importance to this paper are the amidinium ion and the amide moiety.
The two hetero atoms contained in these systems are nitrogen and oxygen.
Each is capable of existing in two adjacent states of covalency. The
charge-sharing ability between the hetero atoms is due to a vinylene
residue (-C=C-) taken n times, where n is any positive integer. An

example of an amidinium ion system is the following generalized

thiacyanine:

=¢c{0i=0 N T

Fig. 1. AMIDINIUM ION SYSTEM of a THIACYANINE
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The cation of the symmetrical cyanine dye in figure 1 is shown in two
identical structures; the only difference is in the arrangement of the
electrons. As mentioned earlier, the nitrogen atom is capable of
existing in two states of covalency. Therefore, the nitrogen atom may
exchange its two roles by acting as either an electron donor or basic
nitrogen, or as an electron acceptor or acidic nitrogen.

A second classification of dye compounds containing two different
nuclei is identified as the merocyanines.3 The typical structure of a
merocyanine dye is shown in figure 2. Rather than containing two basic
nuclei as does a cyanine, figure 1, a merocyanine is derived from one
basic nucleus and one acidic nucleus. Merocyanines also differ from
cyanine dyes in the fact that they are un-ionized. One distinguishing
chgracteristic of merocyanine dyes is the sensitivity of'their
absorptions toward changes of solvent. The direction’ and the amount
of change are dependent upon the degree of basicity and acidity of the

nuclei.
-e_

ol %_;—ai
ey i _8Y

et 2 R e -c.,

% 0 e ; G 259-

Fig. 2. EQUILIBRIUM and RESONANCE STRUCTURE of a MEROCYANINE DYE
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Allopolar cyanine dyes are trinuclear dyes which contain two basic
nuclei bonded to an acidic nucleus.* A model of an allopolar cyanine
dye (Fig. 3,A) #leatly indicates that tlie overlapping of EHe Vuan der
Valls' radii makes it impossible for all three nucleli to remain coplanar
simultaneously. So that partial resonance may be preserved, two of the
three ndclei may be coplanar, requiring that the third nucleus is in a
plane perpendicular or nearly perpendicular to the other two (Fig. 3,B,C).
An alternative suggestion is that all three nuclei are slightly.turned
out of the plane, decreasing the resonance interaction between the rings.

It is known that the chain methyl merocyanine dye, 4-(3-ethyl-2-
bengothiazolinylidéne)-isopropylidene-l,2-diphenyl-3,5-pyrazolidinedione,
(Fig. 2), absorbs at 475 mu and the 3,3'-diethyl-thiacarbocyanine iodide
(Fig. 1) absérbs at 550 mu.

The ultraviolet absorption spectrum of the trinuclear dye, 4- {1,3-
3is(3-ethy1-2-benzothiazolinylidene)-isopropylidene] -1,2-diphenyl=-3,5=
pyrazolidenedione, exhibits absorptién maxima at 475 mu and 550 mu,

These absorption mgxima may be attributed either to two different types
of transition or to a single type of transition in two different

conformers of the molecule.
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The trinuclear dye may be shown to exist in two possible

conformers (Fig. 4).

s SR
C

Fig. 4. EQUILIBRIUM and RESONANCE STRUCTURE of a TRINUCLEAR DYE

In the uncharged conformation of the trinuclear dye (Fig. 4,A), the
meropolar form, the acidic nucleus is in the plane of one of the benzo-
thiazole nuclei, and the second benzothiazole nucleus is twisted out of
the plane. This is the same conformation as that of the chain methyl
merocyanine dye (Fig. 2) and corresponds to stereo projection C, Fig. 3.
In the complete charge-separated conformation of the trinuclear dye
(Fig. 4,B,C,), the holopolar form, the pyrazolone nucleus is twisted out

of the plane of the benzothiazole rings, giving the same conformation as
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that of the 3,3'-diethyithiacarbocyanine iodide dye (Fig. 1, n=l), dand
corresponds to stero projection B, Fig. 3. Therefore, it was on the |
basie of thHée similiarity in the absorption maxima of the trinuclaar dye
to the carbocyanine dye and the chain methyl merocyanine dye that the
two bands of the trinuclear dye were assigned to the holopolar and
meropolar conformers.

Allopolar dyes are solvent sensitive. The ratio of holopolar to
meropolar forms may be changed by varying the polarity of the solvent,
In a strongly polar solvent such as methanol or water the trinﬁclear dye
has a major absorption maximum at 550 mp (Fig. 5,A). As a relatively
nonpolar solvent such as 1u£idene is added to the dye-methanol solution;
the absorption band at 475 mu begins to increase (Fig. 5,B). This
evidence indicates that an isomerization has occurred,

The dynamic equilibrium between two stereoisomefic dye structures
which is polarity depenéenﬁ has been given the term "allopolar isomerism",

It was the purpose of this project to investigate the temperdture
dependence of the existing holopolar-meropolar equilibrium for some

known allopolar dyes.




e
450

Fig. 5. SOLVENT DEPENDENCE of a TRINUCLEAR DYE

maa




DISCUSSION

The carbocyanine dye, 3,3'=-diethyl-9-methylcarbocyanine iodide (II),
was the first of the dyes to be prepared. It was made by the reaction of
two portions of 3~ethyl-2-methylthiobenzothizaolium iodide (I) with one
portion of methyl orthoacetate.” Attempts to obtain a single crystal of
the carbocyanine dye for x-ray structural determination were unsuccess=
ful. Recrystallization of the purple colored powder from methanol gave

only twinned crystals.

Four electron-attracting or acidic nuclei were synthesized to be
used later for the synthesis of the allopolar dyes. 1,2-diphenylhydra-
zine and diethyl malonate were cyclized in the presence of sodium
ethoxide to give 1,2-diphenyl-3,5-pyrazolidinedione (IIT). The infrared
and the nuclear magnetic resonance ‘spectra gave no indication of any enol

form (Fig. 18 and Table III).

ONHNHO + C,H0 &c Hzg e o
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The allopolar dye, 4-[1,3-Bis-(3-ethyl-2-benzothiazolinylidene)-
isopropylidene]-l,2-dipheny1—3,S;pyrazolidinedione (V), was prepared by
heating 3,3'-diethyl-9-phenylthiothiacarbocyanine iodide (IV) with 1,2-
diphenyl=3,5-pyrazolidinedione in the presence of triethylamine with

.pyridine.

i

Before the corresponding merocyanine could be prepared, it was
necessary to condense 1,2-diphenyl-3,5-pyrazolidinedione with acetone in
the presence of anhydrous zinc chloride. The two reactive methyl groups

provided sites for further condensations.

0H3\0,0 Hy

0 by ol
{_ CH3 CH3

Jag’ Vet
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The reaction of one mole of l-ethyl-2-methylthiobenzothiazolium
ethylsulfate (VII) with one mole of 1,2-diphenyl-4-isopropylidene-3,5=
pyrazolidinedione gave the corresponding chain methyl merocyanine dye,
4=(3=-ethyl=2~benzothiazolinylidene)~isopropylidene=1,2-diphenyl=3,5=

pyrazolidinedione (VIII).

CHy o CHy
I
Q SCH3 orfer <
C§?5
CZHE,J‘SQ4 it
VI i, /o
:c-— y
=
7 \

VI

This now provided an alternative method for the synthesis of the
allopolar dye (V). One mole of the isolated chain methyl merocyanine
dye (VIII) and one mole of quaternary salt (VII) reacted in the presence

of triethylamine and pyridine to yield the desired allopolar dye (V).

0,

i
O+ BT —
Csz 62*5 o -0-
Gy 80 NI
VIT 5
|I|i'}:ﬂ:-— C—C=
fae
C2H5 2 i Cbﬂs
N
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The allopolar dye (V) may also be prepared by the reaction of two moles
of quaternary salt (VII) with 4-isopropylidene-1,2-diphenyl-3,5-
pyrazolidinedione.

It was thought that because of additional crowding, the introduction
of a six membered ring would favor one of the isomeric forms of the
allopolar dye. The ring system chosen was 2,2-dimethyl-1l,3~dioxane-4,6-
dione. This diketo dioxane, known as Meldrum's lactone, was easily
prepared by the reaction of malonic acid with acetone., The infrared and
nuclear magnetic spectra indicated only the keto structure (Fig. 16 and

Table III).

0] ? g i
Ho-g—cHa—é—OH 1 CH - —CH, PG5 . (B

The allopolar dye, 5- U1,3-Bis(3-ethyl-2-benzothiazolinylidene)-
isopropylidene] -2,2-dimethyl-1,3~dioxane=4,6~dione, (IX), was formed by
heating 2,2-dimethyl-1,3-dioxane-4,6-dione and the quaternary salt (IV)
with triethylamine and diethylformamide. The green crystals of the

allopolar dye (IX) separated out of the chilled dimethylformamide solution.
Q

Os
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The acetone condensation product, 5-isopropylidene=-2,2-dimethyl-
1,3-dioxane-4,6~dione, (X), was necessary for the preparation of the
corresponding chain methyl merocyanine dye (XI). 2,2~dimethyl-~1l,3-
dioxane=4,6-dione and acetone were mixed with piperidine and glacial

acetic acid.

CHy o CHy

s

Triethylamine and dimethylformamide were added to a mixture of
5-isopropylidene-2,2-dimethyl~1,3~dioxane-4,6-dione, (X), and the

quarternary salt (VII).

| + /)SCH4 '—i_ >
\ M
Cis
— . %
CEH58Q4
I g
o
_—:C-—&:
N o
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Attempts were made to synthesis the allopolar dye, 4- [1,3-Bis-
(3-ethyl-2-benzothiazolinylidene)=-isopropylidene] =1,2-dicarbethoxy-3,5~

pyrazolidinedione (XII).

s
=C—g-C=

CHs CHy
cszo g @ OCZH

A

S

It was necessary to use malonyl chloride with 1,2-dicarbethoxy-hydrazine
to form the acidic nucleus. This procedure gave the desired product,
1,2-dicarbethoxy=-3,5-pyrazolidinedione. A keto structure was indicated
by the infrared and nuclear magnetic resonance spectra (Fig. 17 and

Table III).

Q
crg08 8 0%

0 0 0
CHZ(&Cn)2 +  CH0 8NHNH8002H5 —_—

It was impossible to ever obtain more than trace amounts of the
allopolar dye (XII). The alternative procedure for preparing the desired
allopolar dye (XII), required the condensation product of acetone and 1,2-

dicarbethoxy-3,5-pyrazolidinedione. However, the only identifiable
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product obtained was 1,2-dicarbethoxyhydrazine.
Attempts at preparing 1l,2-dimethyl-3,5~-pyrazolidinedione as an
acidic nucleus were likewise a failure. The real problem was freeing

1,2=dimethylhydrazine from its di-hydrogen chloxide salt.




s

The spectrophotometric data for the allopolar dyes were taken with
a Beckman DK-2 spectrophotometer. A Beckman constant temperature cell
holder was used in obtaining data at the four different temperatures.
The cell holder consisted of metal block through which water from 4
constant temperature bath circulated, Because of the call holdex
apparatus the range of temperatures was somewhat limited. Data were
taken at six degrees, twenty-five degrees, thirty-five degrees and
forty-five degrees, centigrade.

The solvents chosen for the allopolar isomerism study were methanol
and 2,6-1utidinep A stock solution containing 5 mg. of allopolar dye in
one hundred“milliliters of lutidine was prepared., Ten samples, all con-
taining the same amount of stock solution, were diluted with methanol

and lutidine in the following manner:

Sample Stock Lutidine Methanol

A 1 ml 9 ml

B 1 ml 8 ml 1 ml
c 1 ml 7 ml 2 ml
D 1 ml ' 6 ml 3 ml
E 1 ml 5 ml 4 ml
F 1 ml 4 ml 5 ml
G 1 ml 3 ml 6 ml
H 1 ml 2 ml 7 ml
I 1 ml 1 ml 8 ml
J 1 ml 9 ml

The recorded absorption curves are given in Figs. 6-13.
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FIG.7. VISIBILE ABSORBANCE OF ALLOPOLAR DYE(V) AT 25°C
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450 500 650

FIG.& VISIBLE ABSORBANCE OF ALLOPOLAR DYE(V) AT 35°C
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F1G.9. VISIBLE ABSORBANCE OF ALLOPOLAR OYE(V) AT4S°C
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FIG.10.VISIBLE ABSORBANCE OF ALLOPOLAR DYE(IX) AT 6°C
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450 600 650

FiG. U, VISISLE ABSORBANCE OF ALLOPOLAR DYE(IX) AT 23°C
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FIG.12.VISIBLE ABSORBANCE OF ALLOPOLAR DYEGX) AT3S°C
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FiG. 13. VlélBLE ABSORBANCE OF ALLOPOLAR DYE (IX) AT4S°C
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The calculations for determining the extinction coefficient and

the equilibrium constants for the allopolar dyes involve the following

equations.

Internal

Solvent Series Method/

Absorption spectra are

A where

I is the intensity of light
. intensity 6f light incident
following calculations, the
the optical density.

The optical density of
to the concenération (c) of

law,

often characterized in terms of absorbency

A =1log I,/1 : . (D
transmitted by the sample and I_ is the
on the sample. For the purposes of the

quantity, log (Io/I) will be defined as

the solution in a one-cm. cell is related

the absorbing molecules by the Beer-Lambert

d = éc (2)

where the proportionality constant ¢ is called the extinction or

absorptivity coefficient. The concentration (c) is expressed in moles

per liter.

Therefore, rearranging

the Beer-Lambert law gives the relation,

¢ = d MW/C (3)

# is the molar extinction coefficient’

d is the optical density of the solution in a one-cm. cell

MW is the molecular weight of the allopolar dye

C is now the concentration of absorbing molecules expressed

as grams per liter
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Using the subscript h to represent the holopolar form and m to

represent the meropolar form, one may write equation (3) as:

b = dp Wiy /Cy E (4)
b= d MW /C. ' “ '( 5)
However,
MW, = M, : | - (6)
and
Ch + Cp = C ' | (7)

Combining equations (4) and (5) with. equations (6) and (7) one

obtains

Equation (8) may be now rearranged into the form of a straight line

y=mx + b

4 /d_ = (4C /M) (1/d)) = bylé. ()

Therefore, from the spectral data for a given dye in several solvent

mixtures one may obtain a plot of dh/dm vs 1/dm and determine the
best fit by the method of least squares; éh may be evaluated from the

slope and ém may be calculated from the intercept.
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A'beét value for the linear plots was determined by the 1620
computer. The program entitled "Regression Coefficients'" for the method
of least séuares was taken from the MSU computer library files, The

regulting data were compiled in the following table.

TABLE I

DYE TEMP X Y P b R

v o 6 2.03 1.07 1.55 2,08 .99

v 25 2.01 9.26 1.42 1.93 .99

' 35 2.34 1.17 1.23 . 1.73 .99

v o 2.32 1.03 1.24 1.83 .99

IX 6 6.44 8.81 1.81  2.84 .99

IX 25 5.97 7.26 1.65 2.58 . .99
. IX 35 5.77 6.09 1.52 2.69 .99

IX 45 4.65 4.67 1.56 2.61 .99




ALLOPOLAR DYE V 45° ¢
M.W, 646
. 4
éh 16.0 x 10
é 8.7 x 10%
m
ALLOPOLAR DYE IX 45° ¢
‘M.W. 538
¢, 16.5 x 10%
4 6.1 x 10%

27

15.9 x 10%

9.3 x 10%

35

16.4 x 104

6.1 x 10%

calculated éh and ¢ for the allopolar dye (V) and (IX) are:

o
25 C

18.5 x 10%

9.4 x 10%

25° ¢

17.8 x 10%

7.0 x 10%

Using the values obtained from the slope and intercept, the

6°

20.0

9.6

19.6

6.9 ;

104

10%

10%
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Assuming that there are only two species present, the equilibrium

. for the allopolar compounds is

—_—

Meropolar

Holopolar
Since the fraction of meropolar molecules is equal to 1 = the fraction of
holopolar molecules, the equilibrium constant may be written as

K= F,/1-F (10)

The fraction of holopolar molecules F, may be determined as
follows
F =

h = *h(app.) (11)
fn(calc.)

éh (app.) is the apparent extinction coefficient of the

holopolar dye

éh (calc.) is the calculated extinction coefficient of the
holopolar dye
‘Substituting the appropriate equations into expression (11) one
may obtain
B, = dh(app.)MW/CO éh(calc.)

The fraction of meropolar molecules Fm ﬁay be calculated in an identical
manner as a check on the relation Fh = 1-Fm.

In order to.determine the thermodynamic parameters, the following
expressions-are employed, '
. AG® = -RT1nK (13)
AG® = AH - TAS® . (14)

where AG’is the change in standard free energy.
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Substituting equation (14) into equation (1l3), one may obtain
ln K = -AH®/RT + A S°/R (15)

Equation (15) is then & function which is linear between
variables K and 1/T. The entropy and enthalpy may be

determined from the intercept and slope respectively.

To obtain the best values for the entropy and enthalpy, three
equilibriuﬁ constants, Kh, Km, and Kh+m for each of the samples
of the two alloéolar dyes (V) and (£;§—were obtained. All values
reported were determined by the method of least squares. The
theromodynamic values may be found in Table II pages 32-37. Two

sample plots of Log. K vs 1/T are shown in Figs. 14 and 15.
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Fig. 14. PLOT of EQUILIBRIUM CONSTANT VS 1/T for ALLOPOLAR DYE (IX) SAMPLE E
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TABLE TII

ALLOPOLAR DYE (V)

EQUILIBRIUM CONSTANTS K

SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole-degree)

A .05 -4.33 -
B .94 - .96
C .51 -1.81
D .10 -2.65
E - .06 -2.43
F - .68 -3.74
G - .58 -2.69
H - .64 -2.14
I - .95 ' . -2.50

EQUILIBRIUM CONSTANTS Ky *

SAMPLE DELTA H (Kcal/mole) DELTA .S (cal/mole-degree)
A .84 : -1.76
B 1.73 1.64
C 1.33 - .89
D .96 | .16
E .87 .62
F .37 - .30
G .59 1.16
H .73 2.31
I .69 2.86

% determined by reversing the values of d, and d; in equation 9
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TABLE IT

ALLOPOLAR DYE (V)

EQUILIBRIUM CONSTANTS K.

SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole-degree)
A -1.25 - - 8.65
B -2.14 ~-11.20
C .15 - 2.81
D .05 - 2.60
E .67 ' - .10
F 1.11 2,17
G - .70 - 3.15
H - .58 - 2,00
1 -1.32 - 3.76

EQUILIBRIUM CONSTANTS K_*

SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole:degree)
A 1.88 1.64
B - .17 - 4.79
C 1.81 2.58
D 1.35 1.62
E 1.86 3.76
F 1.99 5.03
G - .07 - 1.11
H - .10 - 44
I - .92 - 2.47

* determined by reversing the values of d , and d;; in equation 9
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TABLE IT

ALLOPOLAR DYE (V)

EQUILIBRIUM CONSTANTS Kh+m

2
SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole‘degree)
A - .61 -6.50
B - .70 -6.39
C .32 -2.34
D .07 ' ~2.63
E .29 -1,31
F .17 - .91
G - .63 -2.88
H - .61 -2.07
I -1.14 -3.13

EQUILIBRIUM CONSTANTS Ky, *

2
SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole-degree)
A 1.38 .03
B .80 -1.51
C 1.56 1.69
D 1.15 .85
E 1.40 - ¥ 2.29
F 1.22 2.48
G .24 - .03
H .33 .98
I - .08 .31

* determined by reversing the values of dy and dy, in equation 9
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TABLE IT

ALLOPOLAR DYE (IX)

EQUILIBRIUM CONSTANTS Ky

SAMPLE - DELTA H (Kcal/mole) DELTA S (cal/mole-degree)

A .64 -1.99
B .00 -3.29
C - 44 -3.29
D -1.71 -6.28
E -2.24 -6.91
F -2.36 : -6.24
G -2.21 -4.96
H -2.49 -5.32
I -2.01 ' -3.08
J -2.20 -3.42

EQUILIBRIUM CONSTANTS K"

SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole-degree)
A 47 -2.60
B - .19 -3.91
C - .64 -3.99
D -1.93 ~7.04
E ~2.49 , ' -7.81
F -2.66 -7.30
G -2.55 -6.20
H =2.94 -6.90
I -2.48 . ~4.79
J -2.70 -5.34

* determined by reversing the values of d, and dy in equation 9




EQUILIBRIUM CONSTANTIS Ky
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TABLE II

ALLOPOLAR DYE (IX)

SAMPLE DELTA H (Kcal/mole)

- .19
-1.66
-1.71
-1.39
-2.38
-1.28
-2.66
-1.35
-2.,22
-2.47

UHOoQREOOW>

EQUILIBRIUM CONSTANTS K *

. SAMPLE DELTA H (Kcal/mole)

1.68
-1.59
-1.59
-1.35
-2.38
-1.21
-2.63
-1.26

LCHEQEEHOAQW >

-2.39

% determined by reversing the values of d

-2.14.

DELTA S (cal/mole-degree)

-4.55
-8.22
-7.27
-4.98 .
-7.33
-3.09
-6.73
-1.61
-3.82
-4.23

DELTA S (cal/mole-degree).

1.23
-8.34
-7.10
-5.01
-7.47
-2.97
-6.74
-1.42
-3.61
-4.,03

and dy, 1in equation 9'
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TABLE II

ALLOPOLAR DYE (IX)

EQUILIBRIUM CONSTANTS K,

2
SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole-degree)

A .33 -2.88
B -1.02 -6.34
c -1.14 -5.47
D -1.54 -5.59
E -2.31 : -7.11
F -1.90 -4.91
G -2.40 -5.74
H -1.96 -3.60
I -2.11 -3.43
J

-2.35 ~-3.85

EQUILIBRIUM CONSTANTS K., ™

2
SAMPLE DELTA H (Kcal/mole) DELTA S (cal/mole‘degree)
A 1.13 . = .51
B - .82 ‘ -5.89
C -1.10 . -5.48
D -1.65 -6.05
E -2.44 -7.66
F -1.81 -4,74
G -2.60 -6.49
H -2.03 -3.95
I -2.36 -4,38
J -2.61 ) -4.86

% determined by reversing the values of d and dy in equation 9




EXPERIMENTAL

1-Ethyl-2-methylbenzothiazolium iodide. 2-Methylbenzothiazole

(7.78 g., 0.10 mole) and ethyl iodide (20.5 g., 0.15 mole) were mixed
and refluxed on a steam bath for six hours. The solid whicﬁ began ?orm-
ing in about 5 hr. was collected by filtration and washed with acetone
(3 x 10 ml), yielding 8.0 g. of white powder, m.p. 194-196°C,

1,2-Diphenyl-3,5-pyrazolidinedione.8 Sodium (1.15 g., 0.15 g.-

atom) was dissolved in absolute ethanol (25 ml) and 1,2-diphenylhydrazine
(9.2 g., 0.05 mole) was added. Diethyl malonate (8 g., 0.05 mole) was
pexf added and the mixture was heated to a temperature of 170-180 for 2
hr., during.which time 20 ml 'of ethanol was removed by distillation.
The cooled residue was partially dissolved in water (150 ml). The water
layer was extracted with ether (3 x 10 ml). The crude product pre-
cipitated from the acidified (conc. HCLl) water soln., and was recrystal-
lized three times from absolute ethanol, giving 3.0 g. (25%) of a white
powder, m.p. 170-172°C.

" Anal. Caled. for CjgHy,N,0;: C, 71.4; H, 4.80. TFound: C, 71.1
H, 4.9.

4-Isopropylidene-l,2-dipheny1—3,5-pyrazolidinedione.9 I,Z—Diphenyl-

3,5-pyrazolidinedione (5 g., 0.02 mole) was dissolved in anhydrous benzene
(80 ml). Anhydrous zinc chloride (about 1 g.,) and dropwise acetone

(4 ml) were added to the refluxing benzene solution. The mixture was re-
fluxed for 40 hr. in a system designed for the continuous removal of water.
The cooled benzene solution was evaporated to dryness and the residue was
recrystallized twice from anhydrous benzene-ligroin. The yield of yellow

needles was 1.2 g. (21%), m.p. 112-113°cC.
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Anal. Caled. for CygHygNo0O,: C, 74.0; H, 5.5; N, 9.6. Found:
C, 74.3; H, 6.2; N, 9.5.

5=.1,3-Bis=(3-ethyl-=-2-benzothiazolinylidene~isopropyli

dimethyl=1,3-dfoxane=-4,6~dione (IX). A mixture of l-ethyl=2-methylthio=

benzothiaéolium ethyl sulfate (0.08 g., 0.0005 mole), 5-(3-ethyl-2-benzo-
thiazolinylidene)-isopropylidene-2,2-dimethyl-1,3~dioxane-4,6~dione (XI)
(0.08 g., 0.0005 mole), triethylamine (1l ml), and dimethylformamide
(8 ml) was refluxed for 3 min. The addition of methanol (5 ml) and wéter
(30 ml) .were needed to separate the dye. The dye was recrystallized from
pyridine-methanol to afford 0.045 g. (1.8%) of green crystals, m.p. 232~
234° C. dec. |
Anal. Calcd. for CZ7H26N20482-1 mole CH40H: C, 62.6; H, 5.6; N, 5.2.
found: c, 62;6; H, 5.4; N, 5.3,

+ 1,2-Diethoxycarbonyl-3,5-pyrazolidinedione (XII),6 To a solution of

1,2-dicarbethoxyhydrazine (10.0 g., 0.057 mole) in anhydrous benzene (80
mi) was added portionwise malonyl chloride (8.2 g., 0,057 mole). The
temperature of the solution was raised to 50 C during 1 hr., and was held
at that temperature for 12 hr. WNitrogen was passed through the solution
for 30 min. and the product separaﬁed after cooling. The dione was re-
crystallized four times from anhydrous benzene to yield 4 g. (29%) of

colorless needles, m.p. 104-105°C. ' )

5-(3-Ethyl-2-benzothiazolinylidene)-isopropylidene-2,2~-dimethyl-1,3~

dioxane-4,6~dione (XI). '5-130propylidene—2,2-dimethy1—1,3-dioxane-4,6-

dione (0.267 g., 0,0014 mole), l-ethyl-2-methylthiobenzothiazolium ethyl-

sulfate (0.57 g., 0.0017 mole), triethylamine (1 ml) and dimethyl-
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formamide (10 ml) were mixed and refluxed for 5 min. The dye separated
from the sﬁlutiqn with cooling, and was recrystallized from pyridiné-
methanol to yield 0.35 g. (70%) of orange crystals; mip. 227-229°C. dec.
Aoal. Galed. for GigHigNO,S: C, 62.4; H, 5.5; N, 4.1. Found:
C, 62.5; H, 6.1; N, 3.9. |

The dye absorbs in methanol with a?%m « 475 mu.

a

5-Isopropylidene-2,2-dimethyl-1,3-dioxane~4,6-dione (X).12

Piperidine. (8 drops) and glacial acetic acid (1.5 drops) were added to a
solution of 2,2-dimethyl-1,3~dioxane-4,6-dione. The solution was stirred
continuousl& for 12 hr. . The whige oil wﬁich formed with addition of ice-
water (50 ml) solidified on cooling. The white solid was recrystallized
twice from methanol~water, to yield 3.0 g. (39%) of white felt-like
needles, m.p. 74-75°C.

Anal. Caled. for CgHj,0,: C, 58.8; H, 6.5, Found: C, 59.1; H, 6.2,

4- 1,3-Bis-(3-ethyl-2-benzothiazolinylidene)-isopropylidene -1, 2~

diphenyl-3,5-pyrazolidinedione (V). A mixture of 3,3'-diethyl-9-phenyl-

thiocarbocyanine iodide (0.6 g., 0.001 mole), 1,2-diphenyl-3,5-pyrazo-
lidinedione (0.3 g., 0.0012 mole), &nd trimethylamiﬁg (1 ml) in pyridine
(8 ml) was heated under reflux for 19 min. The dye separated with the
addition of methanol (40 ml). The dye was recrystallized twice from
pyridine-methanol, to yield 0.1 g. (17%) of green crystals, m.p. 190~
195°C. dec.

Anal. Caled. for C36H30N40252-1 CH430H: © C, 68.6; H, 5.3; N, 8.6.
Found: C, 67.8; H, 4.8; N, 8.6.

The dye absorbs in methanol with aA pax 550 mu.
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1-Ethyl-2-methylthiobenzothiazolium ethylsulfate (VII). 2-Methyl-

thiobenzothiazole (3.62 g., 0.02 mole) and diethyl sulfate (6 g., 0.04

sole) were heated under reflux for 5 min. The white solid which formed
as the solution cooled was wasghed threeltimes with atetone. The qua~ ‘
ternary salt was used without further purification; vield 3.3 g. (49%),
m.p. 178-181°c.

4~-(3-Ethyl-2-benzothiazolinylidene)~isopropylidene~1,2~diphenyl-3,5~

pyrazolidenedione,11 A mixture of l-ethyl-2~methyl~thiobenzothiazolium

ethylsulfate (0.058 g.,,0.0017 mole),'1,2-dipheny1-4-isopropylidene-B,S-
pyrazolidinedione (0.05 g., 0,0017 mole), and triethylamine'(l ml) in
pyridine (7 ml) was heated under reflux for 5 min. The dye separated
after chilling and was recrystallized from pyridine-methanol. The yieid,’
was 0.055 g. (71%) of orange powder, m.p. 297-299° C. dec.

Anal. Caled. for CZ7H23N302$: c, 71.6; H, 5.1; N, 9.3.. Found:
c, 71.9; H, 5.0; N, 9.1. '

2,2-Dimethy1:1J3-dioxane-4l§-dione.10 Concentrated HCL was added to

a solution of malonic acid (5.2 g., 0.1 mole) in acetic anhydride (6 ml)
Awifh constant stirring. Thg solution was chilled to 20~25 C, and acetone
(4 ml) was added. The reaction mixture remained in the refrigerator for
12 hr. and the resulting crystals were removed by suction filtration and
washed with ice~water. The lactone was recrystallized from an acetone-

watef solution, yielding 2.8 g. (20%) of white needles, m.p. 92-93° ¢, ‘dec.

3,3'=Diethyl-9~-methylthiacarbocyanine iodide. 3;Ethyl-2-methyl~

thiobenzothiazolium iodide (18.3'g., 0.06 molé) and methyl orthoacetate
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(4.86 g., 0.03 rpole) were heated with trimethylamine (3 ml) in pyridine -
(25 mi) under feflux for five min. The solution was added to metﬁanol |
(50 ml) .and the dye separated out to yield 13 g. (85%) of purple powdex s
A portion of the dye was recrystallized from methanol to give a m.p. of

o .
176-179 Cu
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Fig. 16. Infrared Spectrum of 2,2-Dimethyl-1l,3-dioxane-4,6-dione
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Fig. 17. Infrared Spectrum of 1,2-Dicarbethoxy-3,5-pyrazolidinedione
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Fig. 18. Infrared Spectrum of 1,2-Diphenyl-3,5-pyrazolidinedione
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TABLE III

NUCLEAR MAGNETIC RESONANCE

COMPOUND PROTON TYPE CHEMICAL SHIFT *
(ppm 8, ref. TMS)

methylene
-CHp- 3.58
phenyl 7.40
1,2-DIPHENYL-3,5~
PYRAZOLIDINEDIONE
methylene
-CHqp- 3.49
Qs
methylene
N -CHy=0- 4.38
0 2
cHO G
methyl 14,35
1,2-DICARBETHOXY-3,5~-
PYRAZOLIDINEDIONE
methylene
=CHp= 3.67
methyl 1.80

2,2-DIMETHYL~=1, 3~ DIOXANE-~
4 ,6-DIONE

* All samples were run in CDC13,




SUMMARY

The project indicated that the equilibrium process for allopolar
isomerism was temperature dependent. However, the equilibrium process
is still.mbre dependent yon solvenk polarxity;

Since solvent polarity was sufficient to cause a shift in equilibri-
um to occur, one would expect the enthalpy values to be rather small.
This was exactly what the data indicated.

Because of the available equipment, only the four temperature
studies of the alldpolar dyes (V) and (IX) could be obtained. However,
since the solvent system used for this study was 2,6-lutidine-methanol,
runs above 45° C were impossible. Therefore, the results from tempera-
ture studies below that of ice-water are needed to give a more complete
picture.

l As this paper indicates only two allopolar dyes were used. There-
fore, before this study can be more meaningful, the allopolar dyes whose
synthesis were attempted will have to be prepared.

Since the only solvent system tried was 2,6=-lutidine-methanol, it
might be possible to dchieve better estimates of the thermodynamic

values by trying other miscible solvent systems.




%

3.

"10.

11,

12,

LITERATURE CITED

C.G., Williams, Chem. News, I, 15.
A.W,, Hofmann, Ber., 20, 2262 (1887).

L.G.8., Brooker, XIVth International Congress of Pure and Applled
Chemistry, Zurich, 1955; Experientia Supplimentum II pp. 245-248.

L.G.S., Brooker, in ""The Theory of the Photographic Process,'
3rd edition, C.E.K., Mees, and T.H., James, editors; The -
Macmillan Co., .New York, 1966, Chapter 11,

W., Konig, Ber., 55, 3293 (1922); C.A., 17, 763.

John A., Hedge, W., Carl, and H.R., Snyder, J. Org. Chem., 26,
3166 (1961). ’

H.A., Benesi, and J.H., Hildebrand, J. Am. Chem. Soc., 71, 2703
(1949).

Han, Ruhkopk, Ber. 73B, 820-2 (1940).

J.R., Geigy, Brit. 769,285, Mar. 6, 1957; C.A., 51, 15591 (1957).

David, Davidson, and Sidney A., Bermard, J. Am. Chem. Soc.,
70:3, 3426 (1948).

L.G.S., Brooker, and P.W., Jenkins, France 1,401,588, April 26, 1965.

C., Cardani, A., Crescenzi, A., Fraternali, and E., Adami, Ed, Sci.,
11, 336-45-(1956); C.A., 53, 9190.







