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General Remarks

All melting points are uncorrected and are in °C.

IR spectra were recorded in nujol using Perkin-Elmer
Infracord model 137B & 599-B.° Pye-Unicam infrared spectro-
photometer SP.-300. The IR values are recorded in cm_l.
1I-I—NMR spectra were recorded in CDCI3 ang DMsQl Dg
with trimethylsilane (TMS) as an internal reference on Varian
T-60 and Brucker's FT, WH-90 NMR spectrometers. The
chemical shifts (4 values) are recorded in ppm. The following
abbreviations are used:

s = singlet; d = doublet; t = triplet; q = quartet and m
= mutiplet.

Mass spectra were recorded on CEC - 2I-110-B double
focussing mass spectrometer using a direct inlet system
and at an ionising voltage of 70 eV. The samples were
vapourized at the minimum possible temperature.

UV-Visible spectra were recorded on a 'Beckman' double
beam spectrophotometer model 216 with I-cm quartz cells.
The wavelength maxima have been recorded in nm.

Figures underlined are structure numbers, and figures in
superscript are literature references. The numbers assigned
to the structures given in each chapter refer only to that
particular chapter.

Specific rotations were recorded on Jasco DIP-18] digital

polarimeter.



Elemental analysis of compounds is carried out by micro-
analytical procedures for carbon, hydrogen and nitrogen.
Abbreviation:

dil - dilute 7

HETP - Height equivalent to theoretical plate

resp. - respectively

hrs - Hours

ss. - Stainless steel

D. - Internal diameter

GLC - Gas liquid chromatography

T.B. - Tuberculosis

ACE - Angiotension Converting Enzyme

INH - Isonicotinic acid hydrazide

CNS - Central Nervous System

P AS - Para-amino Salicylic Acid.

M.p. - melting points.

e.e. - Enantiomeric excess
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SUMMARY

CHAPTER I - Ortho-cumidine [benzenamine-2-(I-methylethyl)}
A versatile intermediate for dyes and pigments.

The solvent dyes are used in industry to colour the material
like petroleur products, waxes, shoe creams etc. through their ability
to dissolve organic solvents such as acetone, benzene, toluene, kerosene
etc. Based on their solubility they are classified into three classes.
The literature survey of solvent dyes and their chemical constitutions
have been reviewed and data regarding the class of azo dyes and

pigments have been described.

Para-isomer of cumidine finds large use in the manufacture
of the herbicide, isoproturon. The economy of the industrial process
for p-cumidine is greatly dependent on finding out commercial outlets
for the accumulating o-cumidine. The use of o-cumidine as an inter-
mediate for solvent dyes and pigments has been explored because
of its structural similarity to o-toluidine. Findings in this chapter
are confined to azo class of solvent dyes and pigments. We have
synthesized monoazo and disazo pigments incorporating 5-nitro-o-cumidine
as diazo component and compared them with mono and disazo pigments

derived from >3-nitro-o-toluidine.

Separation of mixed nitrocumens was achieved by fractional
distillation under reduced pressure. The mono-azo solvent dyes
derived from o-cumidine using 2-naphthol, I-naphthol and p-cresol
as coupling components were compared with the commercial solvent

orange 2, solvent red 2 and solvent yellow 2 respectively, derived



from o-toluidine. = The new monoazo solvent dyes were found to
have 15 to 300% better solubilities than the commercial solvent
dyes. The wavelength maxima of the two series of dyes were com-
parable. However, the tinctorial strength of the new solvent dyes

are somewhat lower than those of the commercial solvent dyes.

The performance of 4-o-cumylazo-o-cumidine (lic) as solvent
dye was better than the commercial solvent yellow 2 and solvent
yellow 3 (Fast Garnet GBC Base).Similarly disazo solvent dyes derived
from llc had much better solubilities, higher tinctorial strength and
better light fastness as compared to the commercial solvent red
24 and solvent orange 13 derived from Fast Garnet GBC base. Several
new disazo dyes using llc as a diazo component and commercial

naphthols as coupling components have also been synthesized.

Several new monoazo and disazo dyes based on o-cumidine
(4c) and p-o-cumylazo-o-cumidine (lic) as diazo component and 3-
methyl-5-pyrazolone as coupling component were synthesized. The
performance of the new solvent dyes has been evaluated against
solvent dyes derived from o-toluidine and p-o-tolylazo-o-toluidine.
The new dyes showed better solubilities, bathochromic shifts and

higher tinctorial strengths than the dyes derived from o-toluidine.

Several new pigments were synthesized by coupling diazo-
JS-nitro-o-cumidine with commercial naphthols,and 2—methyl~_§-pyrézolone
as coupling components respectively. The electronic spectra of the

new pigments were compared with commercial pigments (viz. pigment



orange 2, pigment red 22, pigment red ll4, pigment red 8, pigment

red) derived from 5-nitro-o-toluidine.

The dyeing behaviour of 5-nitro-o-cumidine hydrochloride
as an azoic diazo component was compared with the commercial
azoic diazo component 12 (5-nitro-o-toluidine). In case of Naphthol
ASG, dyeing obtained from 5-nitro-o-cumidine is greener than the
corresponding o-toluidine derivative (Fast Scarlet G Base). Similarly
with Naphthol ASBO, cumidine derivative is stronger and redder,
as compared with toluidine derivative. The dyeings with Naphthol

AS and Naphthol ASBS are comparable.

CHAPTER II - Synthesis of biologically active #4-thiazolidinones.

i

-1

4-Thiazolidine derivatives exhibita variety of pharmacological
activities. The presence of N-C-5 link;ges in the 4-thiazolidinones
has been postulated as the moiety for different biological activities
like antibacterial, antifungal and antitubercular activities. Further
attempts also have been made to enhance the biological activity

/
by introducing the different substituents at 2,3,5 position‘of #-thiazoli-

dinone ring.

These observations prompted us to synthesize the different
thiazolidinones. The 4-thiazolidinones have been prepared from the
Schiff bases having an azomethine linkage (C=N). Schiff base is
an important class of compounds which can be used to prepare
thiazolidinones and related compounds, g-lactams, heterocyclic compounds

dyes, metal complexes etc.



We have prepared Schiff bases (91, 93, 99) by the conden-
sation of differently substituted benzoic acid hydrazides (90), benzyl-
amine (92) and N-aminoquinazolone (98) with substituted aliphatic
or aromatic aldehydes respectively. The spectral data of all these

Schiff bases has been discussed.

Further, these 3chiff bases have been converted to corres-
ponding thiazolidinones (100, 10I) by refluxing a mixture of $chiff
bases and thioglycolic acid either in benzene or in toluene for 8
hrs by using Dean-Stark apparatus to remove water formed during
the reaction azeotropically. These thiazolidinones were then tested

for the antitubercular activity.

The analytical data, m.ps and yields of all these thiazolidinones
is given in Table 4 while spectral data are given in Tables 5 and
6 and discussed in the present chapter. In all these 4-thiazolidinones,we
observed S—CH2 in the region of 3.6 to 3.8 but it is not a sharp
singlet.  Always it is showing at least a doublet. This may be due
to the nonequivalence of two protons of S-CH2 in the 4-thiazoli-
dinone ring and they are coupling with each other. However, the
4-thiazolidinones (10l) showed in NMR that all the peaks are in the
appropriate form in appropriate positions but for the benzylic protons
(Ph—C}iz). It has shown two sets of doublets. The J-value for these
two sets is I% cps. This indicated that two benzylic protons are
nonequivalent. This nonequivalence may be due to the asymmetric
centre present in the system. The large shift observed for these

protons can Le explained on the basis of magnetic anisotropy of



C=0 group present at | position.

Out of sixteen &4-thiazolidinones prepared, ten compounds
were screened for their in vitro antituberculosis activity against
M. tuberculosis (H37Rv strain) (Table 7). Out of ten compounds,
seven have shown antitubercular activity at different concentrations.
Only one compound (l00c) which has methoxy group at the ortho
position of aldehyde moiety has shown anti T.B. activity at 50 xg/ml.
From the observations in Table 7 one can conclude that when there
is no substituent in either benzamide or benzaldehyde moiety the
compound does not show anti-T.B. activity upto 200 4g/ml. However,
if the methoxy group is in the ortho position in the benzaldehyde
ring, it shows better activity. Further it is observed that substitution

in the para-position gives less activity.

CHAPTER III - Asymmetric Synthesis of 4-thiazolidinones

A literature survey and state of art of asymmetric synthesis
of some of the important biologically active compounds have been
presented. Synthesis of optically active thiazoline and thiazolidine
compounds has been discussed. In order to find out the extent of
optical induction and to correlate the structure activity relationship
of &4-thiazolidones, we have prepared 4-thiazolidinones by following
the same route which has been discussed in Chapter II. Only difference
is that here optically active thiazolidinones are prepared by treating
optically inactive Schiff bases (45,47) with thioglycolic acid in presence
of optical activ.ity inducing reagent quinine or by the treatment

of thioglycolic acid on the optically active Schiff bases (49,50).



As we selected thioglycolic acid as the addition reagent to prepare
4-thiazolidinones from $chiff bases there will be only one asymmetric
centre at the 2-position of #4-thiazolidinone ring and hence only 2'=2

isomers will be formed.

The optically active Y4-thiazolidinones (46,48) prepared
using quinine as the catalyst have shown the optical rotations (Table
1) but their analytical and spectral data are very similar to those
prepared in tke Chapter II. We were unable to determine the optical

purity by NMR because of the low optical purity.

As we got low optical purity by the above mentioned route,
we prepared oﬁticaﬂy active Schiff bases (49, 50) by condensing
the aliphatic or aromatic aldehyde with dextro or levo (d or 1) methyl-
benzylamine and _l_—phenyiarlaninemethylester. They were characterized

by analytical end spectral data.

The Schiff bases (49,50) were then converted to the corres-
ponding 4-thiazolidinones (51, 52) by the same method described

—

in Chapter IL.

The 4-thiazolidinones obtained were then characterised
by spectral and analytical data. Their optical rotations are given.
The NMRs of individual 4-thiazolidinones have been discussed thoroughly
in the present work. All the #4-thiazolidinones have shown two sets
of peaks corresponding to each group in NMR. This is because of
the formation of the ‘diastereomeric mixture of 4-thiazolidinone

formed during the reaction. On the basis of NMR, we have shown



that one of the isomers is having around 10% enantiomeric excess
(e.e) over the other isomer. The work on the asymmetric synthesis
of other biologically active heterocyclic systems e.g. aziridines,

[2 -lactams, thiazolines and thiazines is in progress.



| 1

CHAPTER I

ORTHO-CUMIDINE [ BENZENAMINE—2—(1—METHYL-ETHYL)]:
A VERSATILE INTERMEDIATE FOR
DYES AND PIGMENTS

ﬁ
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INTRODUCTION

The para isomer of cumidine finds large use in the manufacture
of herbicides sucn as isoproturon. Para-cumidine is manufactured indus-
trié.liy by mixed acid nitration of cumene by the process described by
Haun and Kobe'.  This gives 60% p-nitrocumene 30% o-nitrocumene
and 8% m-nitrocumene. There are two methods by which p-cumidine
is isolated. In one method the p-cumidine isomer is isolated by fractional
distillation of nitration mixture followed by reduction. In the other
method, the nitration mixture is reduced to give mixed cumidine from
which p-isomer is isolated taking advantage of their pr values. On
industrial scale for the economy of the process it becomes essential
to find out commercial.. outlets for the accumulating o-cumidine.
So far extensive survey of the literature has revealed no industrial
outlets for either o-cumidine or its derivatives. In the present chapter,
we have explored use of o-cumidine as an intermediate for solvent dyes

and pigments because of its structural similarity to o-toluidine.

The solvent dyes belong to those class of dves which are used
to colour materials through their ability to dissolve in an organic solvent.
Based on the solubility characteristics solvent dyes can be classified
into various types as follows.

l. Dyes soluble in hydrocarbon and other less polar solvents

These are usually used to colour t.hese solvents or a great variety

of material containing such solvents.
2. Dyes soluble in spirit and more polar solvents
These are generally used for lacquers, stains and varnishes, for

flexographic and gravare inks.



3. Dyes that have relatively low solubility in most solvents

Thése dyes can be used for mass colouration of synthetic polymer
composition and various other end uses.

Chi-kang Dien has recently reviewed2 the development in solvent
dyes and discussed their chemical constitution and solubility characteristics.
Table | provides numerical data on solvent dyes mentioned in Colour

Index (1982)3 classified according to hue.

Findings reported in this chapter are confined to azo class of
solvent dyes. Azo dyes used for solvent dyes do not have water solu-
bilising groups. Tnhey provide yellow, orange, red, violet, blue, brown
and black colours. They are cheap and have many uses. Out of the
total number of 346 solvent azo dyes reported in Colour Index Volumes,
only 82 have known chemical constitution, (Table 1), Out of these 82
known solvent azo dyes there are six solvent azo dyes based

on o-toluidine as diazo component which have been commercialised.

In this chapter we have compared solvent dye characteristics
of these six commercial solvent dyes with those of the corresponding
new mono and disazo solvent dyes derived from o-cumidine as diazo

component.

Out of total number of 690 pigments that are listed in Colour
Index3 the pigments and dyes that are derived from 3-nitro-o-toluidine
are given in Chart 1. Both the solvent dyes and pigments have similar
chemical constitution, such as monoazo and disazo compounds and have

the common property of being water insoluble. The basic difference



TABLE 1

SOLVENT DYES IN COLOUR INDEX UPTO 1982

CHEMICAL CL ASS

Hue Total
Azo Anthra-  Triaryl- Xanthene  Misc. Unknown
quinone  methane
Yellow a) 84 6 - 3 43 24 160
b) 28 - - - 4 - 32
Orange a) . 55 1l - 12 22 104
b) 15 l - 3 - 22
Red a) 109 37 - 14 16 43 219
b) 27 4 - 12 7 - 50
Violet a) 7 18 3 - 9 by
b) 1 5 - - 11
Blue a) 7 66 15 - 27 20 135
b) - 14 6 - 9 - 29
Green a) 5 7 4 | 3 1 31
b) - 4 1 1 - 8
Brown a) 43 - - - 6 9 58
b) 7 - - - 1 - 8
Black a) 30 - - - 7 14 5l
b) 4 - - - 3 - 7

a) Total Number

b) Number of dyes of known structure.

10
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CHART— 1

COMMERCIAL PIGMENTS AND DYES FROM 5—NITRO-0~-TOLUIDINE

NAME OF THE PIGMENT | C.I. NUMBER CHEMICAL STRUCTURE

CH, o\
PIGMENT ORANGE | 12105 N=N Q
3 /)
NO2
CHs HO cow—@
PIGMENT RED 12315 N=N Q
N W/
NO2

CH3 HO CONH-Q

PIGMENT RED 12351 N=N O NO»

W,
NO,

CHs HO CONH—@—CL

PIGMENT RED 12335 N=N Q
8 W

NO,

CHy HQ  CONH
PIGMENT RED 12390 N=N Q CHy
162
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between pigments and solvent dyes is the relative insolubility of pigments
in organic solvents. However, most commercial pigments still have
some solubility in organic solvents. For practical purpose however they
are incorporated into materials by dispersion and or in collidal form

rather than in true solution in the substrate.

In application both pigments and solvent dyes are competing with
each other in inks, coatings, mass colouration of synthetic polymer
compositions etc. Relative merits of solvent dyes and pigments have

been reviewedq's.

In this chapter we have synthesised new monoazo and disazo pigments
incorporating 3-nitro-o-cumidine as diazo component and compared them

with mono and disazo pigments derived from 5-nitro-o-toluidine.
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PRESENT WORK

Solvent cyes are characterised by their high solubility and their
ability in colouring petroleum products and polymeric materials. Attempts
are being made to improve the solubility of known solvent dyes for
wider applications. It has been found that by suitably substituting the
aromatic molecule of the different dyes, new solvent dyes with improved
solubility, can be synthesised.

Waxoline Red OS has been recently7 characterised (Chart 2-A).
This is structurally comparable to Waxoline Red O (Chart 2-D). Waxoline
Red O is o-toluidine derivative whereas Waxoline Red OS is xylidine
derivative. It was felt that o-cumidine [benzenamine-2(1-methylethyl)]
having isopropyl group attached to benzene moiety can give dyes similar
to Waxoline Red OS. Waxoline Red OS is reported to have better solubility7
than Waxoline Red O. Thus, dyes derived from o-cumidine may also

show improved groperties than the corresponding o-toluidine derivatives.

The work was thus taken up to synthesize new solvent dyes from o-cumidine.

4-0-Tolylazo-o-toluidine made by self coupling of diazotized
o-toluidine finds application _@ solvent dye' and also as an intermediate
for solvent dyes. However, no such derivatives of o-cumidine are reported
in the literature, Athough cumene has been known for some time derivatives

of cumene as dyestuff intermediates are not known.

Cumene has been known to undergo electrophilic nitration8’9’lo

to give mixture of o-ritrocumene, m-nitrocumene and p-nitrocumene.

However, this rezction leads to ortho para ratio of 1:2 (approx.) in com-

parison with toluene which gives ortho-para ratio 2:l (approx.)u’Iz’B.

. . . . . 415.
Formation of increased p-isomer has been explained due to steric effectl 5



Ortho-nitrocumene and p-nitrocumene are reduced to corresponding

13,14 8,14,15

o-cumidine and p-cumidine

Synthesis of ortho-nitrocumene

The nitration of cumene has been carried out following the procedure
described by Haun and Kobel. The nitration products have been shown
in Chart 2-B. The GLC analysis of mixed nitrocumene as analysed by
Perkin-Elmer Gas Chromatograph (FID) using 5% XE 66 on chromosorb-G
as column material and nitrogen as carrier gas showed it to be 63.6%
para-nitrocumene (l), 6.4% meta-nitrocumene (2) and 25-26% ortho-

nitrocumene (3) and remaining unreacted cumene and higher nitrocumene.

Separation of ortho-nitrocumene
The separation of individual isomers has been carried out by

5 . . . . .
Scheuzger, KarlLa after reduction of mixed nitrocumenes. This separation

is achieved by azeotropic distillation of a mixture of p-cumidine, m-cumidine

and o-cumidine. The separation of individual isomers was tried after
reduction of mixed nitrocumene. This separation of individual isomer
is achieved by making use of difference in solubility of hydrochloride
salts. Hydrochloride of para-cumidine is less soluble than the hydro-

chloride of ortho and meta isomer.

We carried out separation of nitrocumene isomers by distillation
using "Hyflux" column packings of 2.5 cms. diameter. These packings
are made up of 3.S. 316 and have advantage over conventional packings,
such as lower HETP (height equivalent to theoretical plate), low pressure
drop etc. Because of lower HETP, these packings give highly pure isomers
at lower reflux ratio. The boiling points of individual isomers are repre-

sented in Table 2.

135
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CHs CHy  HO
</;§-N=N—©~N=N Q
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WAXOLINE RED 0S
CHs CH3 CH3 CHy
CH—CH3 CH —CHsg CH CHx CH—CHy
HNOy NO2
sto4
30—40°C
CUMENE
(1) (_g) (3)
i i
CH—CHx CH—CH
NO NH
2 Fe/HC\ 2
B ——
- 100°C
(3) (4c)

SOLVENT RED 24 (C.I. 26105)
(WAXOLINE RED O)
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TABLE 2

Boiling Point data of Nitrocumene Isomer58

Name of the isomer B.p./Pr. " B.p./Pr
Ortho-nitrocumene 115°C/13 mm 1°C/9 mm
Meta-nitrocumene 125°C/13 mm -
Para-nitrocumene 132°C/13 mm 129°C/12 mm

The separation qof ortho-nitrocumene from mixed nitrocumenes
was carried out under reduced pressure (13 mm) in a 3 litre distillation
flask using 2.5 cm LD. column packed with "Hyflux" packing of total
height 60 cms. After initial distillation of cumene fraction which accounts
for 0.4% of total charge, ortho-nitrocumene distilled over at 110°C/10 mm
The product, thus obtained, analysed as 99.8% pure by GLC using same

column material described above.

Reduction of ortho-nitrocumene to ortho-cumidine

Reduction of o-nitrocumene to o-cumidine has been reported
in literature using different procedures such as hydrogenation using
different catalysts such as Raney Ni, Pd, Pt, etc. The reduction of
o-nitrocurere (Chart 2-C) . has been carried out by iron acid as described
for ortho-nitro ch.orobenzene in BIOS-986. This pure (99.8%) o-cumidine

(4c)was used to prepare different dyes.

Monoazo Solvent Dyes from o-Cumidine
Ortho-toluidine has been widely used as a diazo component in
the preparation o commercial monoazo solvent dyes. A few examples

of such commercial solvent dyes (5a, 6a and 7a) which have been taken
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A: COMMERCIAL MONO AZO SOLVENT DYES FROM o-TOLUIDINE

COMPOUND NANE OF THE C.I. CHEMICAL STRUCTURE
No SOLVENT DYE NUMBER
CHs HO
(5a) | SOLVENT ORANGE 2 | 12100 @—N:N Q
CH3
N=N OH
(6a) | SOLVENT RED 2 12005 Q— O
CHy HO
(7a) | SOLVENT YELLOW 12 11860 O-N=N
CHa
B:  MONOAZO SOLVENT DYES FROM o- CUMIDINE

R
&

(4)

w———————

& o—TOLUIDINE

R
AT

Coupling

=N—R/'

2—-NAPHTHOL

R’ 1-NAPHTHOL
R=CHI(CHz)y, R’ 1-NAPHTHOL
~CRESOL

NaNO,/HCL
»-
5°C
R
as
(5a) R =CH5, R’
(5b) R=CHI(CHs),, R' 2=NAPHTHOL
(6a) R=CHg,
(6b)
(7a) R=CHsz, R’ PARA
(7b)

R=CH(CHs),, R PARA—CRESOL




for comparison with the corresponding o-cumidine based monoazo dyes
are shown in Chart 3-A. These monoazo soivent dyes are used in the
colouration of alcoholic ester and hydrocarbons, oils, fats and

waxes. shoe creams and polishes, candles, spirit, cellulose and synthetic

resin lacquers.

Ortho-cumidine (&) was diazotized and coupled with 2-naphthol,
I-naphthol and p-cresol to give the new monoazo solvent dyes (5b), (6b)
and (7b) (Chart 3-B). The performance of the new solvent dyes were

compared with that of the commercial dyes based on o-toluidine,

Solubility Study of Monoazo Solvent ljyes (2), (6) and (7)

The solubility of the purified dyes in different solvents were
studied by the rr)ethod described in exberimental section. The solubility
of (5b), (6b) and (7b) were compared with the similar commercial solvent

dyes (5a), (6a) ard (7a) derived from o-toluidine.

It has been found that the solubility of dye (5b) derived from
o-cumidine and 'g_-na;;hhol is about 5% to 135% more in polar solvents
like methanol, ethanol, ethyl acetate butyl acetate etc. Similarly, solubility
.in nonpolar solvents like benzene, toluene, xylene etc. is between 5%

to 182% more (Table 3).

The dye (6b) was compared with solvent red 2 (C.I. 12005) which
was prepared from o-toluidine and l-naphthol. It showed that solubility
of dye (6b), in polar solvents is about 31% to 100% more and 17% to

300% more in non-polar solvents (Table 4).

13



TABLE 3
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COMP ARISON OF SOLUBILITY DATA OF COMPOUND (5a) AND (5b)

Solubility
Grams/100 gms of solvent

Percentage

SI.LNo.  Solvents increase of
used Solvent Orange 2 (5a) Compound (5b) (5b) over (5a)
Reported16 Found Found

1 Ethanol I 0.89 [.30 be

2 Acetone 2.8 2.60 2.833 9

3 Stearic acid 2.4 3.00 4.66 53

4 Cellosolve - 1.0l 2.38 135

5 Ethyl acetate 2 2.30 3.63 59

6 Butyl acetate 3 .3.10 3.33 7

7 Methanol - 0.19 0.18 5

8 Toluene 4 5.00 12.50 150

9 p-xylene - 9.00 9.00 -

10 Kerosene - 1.08 1.80 66

1 Paraffin Wax 0.6 0.70 1.98 182

12 Carbon tetra- - 4.76 5.5 15

chloride
I3 Benzene 2.8 3.00 6.00 50
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TABLE 4%

COMP ARISON OF SOLUBILITY DATA OF COMPOUND (6a) AND (6b)

Solubility
Gms/100 gms of solvent Percentage
SI.No. Solvents increase of
used Solvent red 2 (6a) Compound (6b) (6b) over
% &
Reported Found Found
1 Ethanol S 4.80 6.3 31
2 Acetone VS 12.30 15.90 29.2
3 Stearic acid S 10.30 20.80 101
4 Cellosolve - 12.50 25.00 100
5 Ethyl acetate VS 10.8 18.30 69
6 Butyl acetate - 12.50 25.00 100
7 Methanol - 12.80 20.30 58
8 Toluene VS 20.00 26.40 32
9 p-Xylene 'A) 25.80 31.30 17
10 Kerosene - 1.20 4,80 300
11 Paraffin Wax S 8.20 15.07 &3
12 Carbon tetra- - 8.20 10.30 22.7
chloride
Benzene A 15.00 20.00 33.3

13




The commercial solvent dye, solvent yellow 12 (C.I. 11860) (7a)
was compared with dye (7b) which was prepared from o-cumidine and
p-cresol. It was observed that dye (7b) is 82% to llO%v more soluble
in polar solvents and 7% to 203% were soluble in non-polar solvents

(Table 5).

These cbservations clearly indicate that the dyes derived from
o-cumidine have more solubility than corresponding commercial solvent
dyes derived from o-toluidine. These dyes are structurally similar
except the electron donor group (isopropyl) introduced in the benzene

moiety.

Electronic Spectra of compounds (5), (6) and (7) in chloroform.

The dyes (5b) and (6b) showed wavelength maxima comparable
to those of corresponding commercial dyes (5a) and (6a). The dye (7b)
however showec a bathochromic shift ranging from 37 to 60 nm. All
the new mono azo dyes derived from _cfcumidine had lower tinctorial

strength comparzd to the commercial dyes (Table €} ( Figure 1,2).

22



TABLE 5
COMP ARISON OF SOLUBILITY DATA OF COMPOUNDS (7a) AND (7b)

23

Solubility
Gms/100 gms of solvent Percentage
SLNo. Solvents used increase of
Solvent Yellow 12 (7a) Compound (7b) (7b) over
16 (7a)
Reported Found : Found
i Ethanol S 12.80 15.70 22
2 Acetone S 10.30 12.80 24
3 Stearic acid S 12.70 18.3 4y
4 Cellosolve - 2.20 2.80 27
5 Ethyl acetate S 10.80 18.70 73
6 Butyl acetate - 11.00 20.00 8l
7 Methanol - .7 18.3 110
8 Toluene S 18.3 28.4 55
9 p-Xylene S 20.9 35.0 67
10 Kerosene - 3.30 10.00 203
1l Paraffin Wax S 6.80 7.30 7
12 Carbon tetrachloride - 8.2 12.70 54

13 Benzene S 15.80 25.3 60




TABLE 6

ELECTRONIC SPECTR A OF COMPOUNDS (5),(6) AND (7) IN CHLOROFORM

Compound )\'max (nm) Loge lmax (hm) ' Log e
(5a) 490 4.356 510 4.333
(5b) 492 4.235 520 4.185
(6a) 413 4.135 462 4.796
(6b) 398 4.054 460 3.760
(7a) 335 4.334 383 4.000

(7b) 2gc 4+\4g 420 3.728
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DISAZO DYES FROM O-CUMIDINE

Synthesis of #-o-cumyl azo-o-cumidine and its application as solvent

dyes intermediates.

Anilire (4a) is known'® to undergo diazotization and self
coupling to give diazoaminobenzene (10). This compound in presence
of aniline hydrochloride undergoes intermolecular rearrangement

to give 4-amiro azobenzene (lla).

Ortho-toluidine (4b) undergoes similar reaction to give
o-tolylazo-o-toluidine (llb). = The hydrochloride of this compound
is used as azoic diazo component under the commercial name Fast
Garnet GBC Base (C.l1.37210). The sequence of these reactions are

represented in Chart 4, Scheme A.

Ortho-cumidine (4)(Chart 2-B) synthesized by us, (see experi-
mental), was diazotized with sodium nitrite and dil.hydrochloric acid
at 5°C and self-coupled to give corresponding aminoazo derivative
(10c) where R = CH(CHB)Z’ which rearranged in presence of small

amount of hydrochloric acid to give 4-o-cumylazo-o-cumidine (llc).

The aminoazo benzene derivatives (lla) and (llb) are known
commercial solvent dyes. The compound (lla) is known as solvent
yellow 2 (C.L.11020) and (llb) as solvent yellow 3 (C.I. 11160). The corres-
ponding derivative (lic) synthesized from o-cumidine (4c) (Chart 4-A)
was found to be a better solvent dye as it has better solubility than
corresponding aniline and o-toluidine derivatives (lla) and (llb). The

solubility data of these dyes are reported in Table 6.
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CHART—4

. 29
CHEME A:
R R
NH NaNO;
=N —
2 “;ET—*—*> N=N—Cl
5 °C R
(4) ,,
NH,
a=H ’

b = CHs (8)R=H
¢ = CH(CH3), N=N—NH (9) R=CH4

(810) (10) R=CH(CH5),

HCl

(11a) R=H
R @ . @

(11c) R = CH(CH3),

SCHEME B: ?H3 CHs

CH—CH3 CH—CHs

i) NaNO, ,HCL 5°C
N=N NH»

Pi) 2 —Naphthol
CH—CH, CH CHg OH i) NaNO,, HCL 5 °C

ii) Phenol

At

O '
(12b) CHx CHx
CH—CHsx CH—CHs



Solubility Study of Compounds (lia), (llb) and (lic)

It was found that the dye (lic) derived from o-cumidine
(%) has better solubility as compared to that of commercial solvent
yellow 2 (lla). In polar solvents such as ethanol, methanol, butyl
acetate, ethyl acetate,cellosolve, stearic acid,acetone, the percentage
increase in sclubility ranged from 36 to 519. In non-polar solvents

like toluene, xylene, kerosene, paraffin wax, carbon tetrachloride,

benzene, choroform, the solubilities ranged from 1l to 566 (Table 6).

Similarly the dye (lic) has better solubility as compared
to that of commercial solvent yellow ‘3 (llb). In the polar solvents
such as ethanol, methanol, butylacetate, ethyl acetate, cellosolve
stearic acid, acetone, the percentage increase in the solubility ranged
from 21 to 60, whereas in the non-polar solvent it ranged from 8
to 295. Overell, the percentage increase of (llc) over solvent yellow
2 (lla) is much better than the percentage increase over (llb). Incor-
porating the isopropyl group in the place of methyl group has resulted

in better solvent dyes.

R, values of compound (lla), (lb) and (lic)

f

The compounds (lla),(llb) and (lic) were purified by using
column chromatography on silica gel using petroleum-ether (60-80°)
as eluent. The Rf values have been measured by thin layer chromato-
graphy on silica gel coated glass plates and compared with the known
commercial solvent dyes (lla) and (llb) using benzene as eluent. It

is observed that by increasing the side chain viz. R=H, CH3 and

30
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CH(CH3)2 the polarity decreases as shown by the Rf values of (lla),

(lIb) and (lic), recorded in Table 7.

TABLE 7

R, VALUES OF COMPOUND (lla), (11b) and (lic) IN BENZENE

Compound No. Name of the solventdye Rf values
(l1a) Solvent yellow 2 0.37
(lb) Solvent yellow 3 0.4
(ic) 4- 0-Cumylazo-o-cumidine 0.55

UV-Visible Spectra of Compounds (lla), (lib), (lic)

The weve length maxima (lmax) and molar extinction co-
efficients (log € ) of the dyes (lla), (llb) and (llc) are recorded in Table
8. The . value of (lic) is comparable with those of the commercial
solvent dyes (lla) and (llb). However, the dye synthesized by us i.e.
the o-cumidine derivative (llc) has a marginally better tinctorial
strength as shown by the increased log € value. The electronic
spectra of the dyes are represented in Figure 3 and Table &.

TABLE 8
ELECTRONIC SPECTRA OF COMPOUNDS (lia), (lib) and (lic)

Compound No.  Name of the dye Amax loge
(l1a) Solvent yellow 2 372 4.520
(l1b) Solvent yellow 3 376 4.608

(lic) 4-0-Cumylazo-o-cumidine 375 4.681

32



ABSORBANCE

33

CH3 CHy |
& Savg e
CH3 CHx

C ]
550 600 650 700
WAVELENGTH IN NM

FIGURE 3




Disazo Solvent Dyes - from 4-o-Cumylazo-o-Cumidine (lic)

Disazc solvent dyes derived from 4-aminoazobenzene (lla)
and 4-o -tolylazo-o-toluidine (llb) are widely used as commercial
solvent dyes cZor colouration of soaps, waxes, petroleum products,

fats, oils etc.

The 4-o-cumylazo-o-cumidine (lic) as synthesized above
was coupled with 2-naphthol and phenol to give the red and orange
dyes (12b) and (I13b) respectively as shown in Chart 4, Scheme B.
The thin layer chromatography of the dyes (12b) and (I13b) on silica
gel glass plates with petroleum-ether:benzene (9:1) as eluent showed
traces of unreacted starting material.  The compounds (12b) and

(13b) are purified by column chromatography on silica gel using petroleum

ether:benzene as eluent.

Solubility Study of Disazo Solvent Dyes (12a,12b) and (13a, 13b)

The sclubilities of purified dyes in different solvents were
studied by the method described in experimental part. This was compared
with similar dyes derived from 4-o-tolylazo-o-toluidine (llb) viz.
solvent red 24 (Table 9) and solvent orange 13 (Table 10). The solubility

data are recorded in Tables 9 and 10.

It was found that the dye (12b) Chart 4, Scheme B derived
from (lic) using 2-naphthol as coupling component had much better
solubilities as compared to that of commercial solvent red 24 (l2a).
In polar solvents like methanol, ethanol, acetone, stearic acid,cellosolve,
ethylacetate,butyl acetate, the percentage increase in solubility

ranged from50 to 320 whereas that, in non-polar solvents such as



TABLE 9

39

COMP ARISON OF SOLUBILITY DATA OF COMPOUNDS (i2a) AND (I2b)

gms/100 gms of solvent

Solubility

Percentage

SLLNo. Solvent used increase

Solvent red 24 (12a) Compound (12b)  of (I2) over
, (12a)

Reported Found Found

I Ethanol 0.02-116 0.007 0.018 157
0.2

2 Acetone 0.15-316 0.07 0.49 6l
3.417

3 Stearic acid 0.2-56 0.2 0.325 62.5

17

3

y Cellosolve s.s.16 0.022 0.028 27
0.7V

5 Ehylacetate 2.5 0.17 0.42 147

6 ‘Butyl acetate  0.12-3'° 0.14 0.59 320

7 Methanol 27 0.003 0.006 100

g Toluene v.s.le 0.64 2.14 86

S p-Xylene - 0.8 1.72 115

13 Kerosene - 0.03 0.155 uié
0.8

I Paraffin Wax . 0.27 0.59 18

12 Carbon tetra- - 0.4 2.98 645

chloride
13 Benzene 0.06-5° 1.72 1.56 165




TABLE 10
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COMP ARISON OF SOLUBILITY DATA OF COMPOUNDS (13a) AND (13b)

Solubility Percentage
SI.No. Solvents used gms/100 gms of solvent increase of
(13b) over
Solvent Orangel3 (13a) Compound (13b)  (I3a)
Reportedm Found Found
! - Ethanol 0.9 1.0 1.5 50
2 Acetone 2.8 2.7 3.52 30
3 Stearic Acid 6.0 5.6 8.1 45
4 Cellosolve - 2.0 4.1 105
5 Ethyl acetate 1.5 1.3 2.2 69
6 Butyl acetate 2.9 3.0l 5.1 69
7 Methanol - 0.6 1.1 &3
8 Toluene 2.0 1.8 4.1 127
9 p-Xylene - 3.0 6.2 107
10 Kerosene 1.0 0.8 1.2 50
1l Paraffin Wax 2.0 1.8 3. 72
12 Carbon tetra- - 2.0 2.5 25
chloride
13 Benzene 1.5 L4 4.1 | 192
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toluene, p-xylene, kerosene, paraffin wax, carbon tetrachloride, benzene,
ranged from 80 to 640 (Table 9).

Similarly. the dye (13b) derived from (lic) and coupled with
phenol, Chart 4, Scheme B, also had much better solubilities than the
commercial solvent orange 13 (13a). In polar solvents, like methanol,
ethanol, acetone, stearic acid, cellosolve, ethyl acetate,butyl acetate
the percentage increase in solubility ranged from 30 to 105, whereas

that in non-polar solvents ranged from 25 to 107 (Table 10).

UV-Visible Spectra of Disazo dyes (12) and (13) in chloroform

The wavelength maxima and molar extinction coefficient are
recorded in Table Ill. As compared to the commercial solvent red 24
(12a), %“ ax 223, the dye derived from o-cumidine (llc) showed bathochromic
shift of the order of 3 nm with the better tinctorial strength. In comparison
with solvent orange 13, the new dye (13b) shows considerable bathochromic
shift of the order of 50 nm and 56 nm with marginal better tinctorial
~power. The electronic spectrum of the dyes are shown in Figure 4.
The photographic view of the solution of the dyes (12a), (12b),

(13a), (I3b) in chloroform at equivalent concentration is shown in Figure

5.
TABLE Il
ELECTRONIC SPECTRA OF COMPOUNDS (12) AND (13) IN
CHLOROFORM

Compd.No. A max (nm) Loge Rmax (nm) Log &
(12a) 354 3.964 520 4.255
(12b) 355 4.169 523 4.192
(13a) 384 4544 475 4.1272

(13b) 440 4.586 525 4.1317
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Disazo Dyes from 4-o-cumylazo-o-cumidine (lic) with commercial
naphthols as coupling component

The disazo dyes have been synthesized from 4-o-cumylazo-
o-cumidine (lic) as a disazo component and' commercial naphthols
as coupling component. These dyes were compared with the dyes
derived from compound (llb) using same series of commercial naphthols.
All these disazo dyes showed red colour and were comparable with
the dyes derived from (lb). (Chart 7) shows the preparation of such

disazo dyes from commercial naphthols.

Electronic Spectra of the compounds (14) and (15) in Chloroform

and Rf values in Benzene

The electronic spectra of disazo dyes (l15a), (I5b), (l5c) and

(15d) were compared with those of the commercial disazo dyes (l4a),
(14b), (l4c) and (l4d) derived from o-toluidine derivative (llb) and
commercial naphthols. The spectral data are recorded in Table 12,

Figure 6. Also,the R. values in benzene of the corresponding disazo

f

dyes are recorded in Table 12.

Dyes derived from o-cumidine using 3-methyl-5-pyrazolone as coupling

component

3-Methyl l-phenyl-5-pyrazolone had been used as coupling
component for the synthesis of solvent yellow dyes and solvent
orange dyes. A few examples of the solvent dyes are given in Chart
8. The only example of a monoazo dye incorporating o-toluidine
as a diazo component and 3-methyl-l-phenyl-5-pyrazolone as a coupling
component is a pigment (C.I. 12720) for wall papers. However, we

found that the monoazo dye prepared by coupling diazo-o-cumidine

40



CHART—- 7

(11a) R=CHz
N=N NH,
(11b) R=CHI(CHz),

(14 a) R=CHj,
(15 @) R =CH(CH3),,
(14 b) R =CHg,
(15 b) R=CHI(CHz),
(14 ¢) R=CH5,
(15 ¢ ) R =CHI(CH3),
(14 d) R=CH;4

(15 d ) R =CH(CH3),

o219

i) Diazofization
{i) Coupling

R/ =NAPHTHOL - AS
R’ =NAPHTHOL - AS

R’ =NAPHTHOL — ASD

, R/ =NAPHTHOL — ASD

R' =NAPHTHOL — ASE
R’ =NAPHTHOL — ASE
R’ =NAPHTHOL — ASTR

! =NAPHTHOL — ASTR
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TABLE 12

44

ELECTRONIC SPECTRA IN CHLOROFORM AND R, VALUES IN BENZENE OF

COMPOUNDS (l4a to 14d) AND (i5a to 15d)

Compound
A max (nm) loge Rfvalﬁes in benzene

(4a) 543 45412 0.48
(15a) 542 4.5540 0.47
(14b) 537 4.5572 0.40
(15b) 539 4.5440 0.43
(l4c) 545 4.6410 0.47
(15¢) 540 4.890 0.49
(14d) 540 4.493 0.44
(15d) 540 4.5607 0.46




CHART-8

SOLVENT DYES FROM PYRAZOLONE %3

SOLVENT YEL_OW DYES

R, HO

SOLVENT YELLOW 12 C.I. 12700 H H H

SOLVENT YELLOW 18 C.I.12740  CHz CHz H
SOLVENT YELLOW 21 C.I.18690 COOH H  H Cr-Complex

SOLVENT YELLOW 23 C.I. 12731 H CHz NO;,

SOLVENT ORANGE DYES
R, OH HO

</ \ N=N~—/ T‘Q

—N
Rz CHsz

Ry Rz
SOLVENT ORANGE 5 C.1.18745/1 SOzH NO,
SOLVENT ORANGE 6 C.1.18736:1 SOsH Cl
SOLVENT ORANGE 62 C.1. 12214 H NO2

SOLVENT YELLOW 15 C.1. 19120 SOzNa

| SOzNa HO
N
ot ] O
— —N
COONa

PIGMENT C.I1. 19720

CHy  HQ
<§N___N ) T@
— —N



CHART-8 Cond.
DYES FROM 3-METHYL-5-PYRAZOLONE

ACID ORANGE 99 C.I. 12696

HzC—CO—NH

N_/

H
/
N
|
—=N

ACID ORANGE 106 C.I. 18680
A CHROMIUM COMPLEX

NOO3S
QNH 025 HO /H
N
NaO3zS N=N / |
=N

DESPERSE YELLOW 8 C.I. 12695
NO2 HO h
N
H3c©—N=N &
=N
CHsx

ACID ORANGE 98 C.I1.12695

ct  OH HO /H
N
N=N— |
— N
NO2 CH3

46



with 3-methyl-5-pyrazolone gives rise tc yellow solvent dye having
very good solubility in both polar and non-polar solvents. The survey
of recent Colour Index Volumes also did not reveal any disazo commer-

cial solvent dyes based on 3-methyl-5-pyrazolone.

ThereZore, we synthesized monoazo disazo dyes based
on o-cumidine, p-aminoazobenzene, p-tolylazo-o-toluidine, p-o-cumylazo-
o-cumidine as di;azo component and 3-methyl-5-pyrazolone as coupling
component as shown in Chart 9. The performance of these new dyes

were evaluated as solvent dyes.

Solubility Study of 3-methyl-5-pyrazolone dyes (l6a,l6b) and (17b,l7c)

The solubilities of purified 3-methyl-5-pyrazolone dyes (16a,i6b)
and (I17b,17c) were studied using polar and non-polar solvents. The
dyes (16b) and (l7c) were compared with similar dyes (l6éa)and (17b)

derived from o-toluidine and 4-o-tolylazo-o-toluidine (llb).

It was observed that the dye (l6b) derived from o-cumidine
has higher solubilities as compared to the dye (l6a) derived from
o-toluidine. In polar solvents the percentage increase ranged from

66to 808 and non-polar solvents ranged from 50 to 900 (Table 13).

Similarly, the dye (l17c) derived from (llc) and coupled with
3-methyl-5-pyrazolone also had much higner solubilities as compared
to the dye (I7b). Table 14 shows the percentage increase of (17¢)
ranged from 677 to 2000 in polar solvents and 184 to 900 in non-polar

solvents over(l7b).
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CHART-9

NaNO,
» R-—N=N-—Cl
HCL
5°C
Coupling
HO /H
N
7|
=N
CHy
y
HO H
/

(17aq) R= p-Aminoazobenzene

(17b) R=(p—Tolylazo)-o-toluidine
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(17c¢) R=(p~Cumylazo)-o-cumidine



TABLE 13
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COMP ARISON OF SOLUBILITY DATA OF COMPOUNDS (l6a) AND (16b)

Solubility

gms/100 gms of solvent

Percentage
increase of

SL.No. Solvents used compound (16b)
Compound (16a) Compound (16b) over (16a)

1 Ethanol 0.13 1.2 823

2 Acetone 0.30 0.50 66

3 Stearic acid 0.30 0;83 176

4 Cellosolve 0.30 2.50 733

5 Ethyl acetate 0.15 1.20 700

6 Butyl acetate 0.25 1.80 620

7 Methanol 0.62 1.09 808

8 Toluene 0.21 2.10 900 -

9 p-Xylene 0.23 2.5986

10 Kerosene 0.02 0.12 525

1 Paraffin Wax 0.80 1.20 50

12 Carbon tetra- 0.20 0.30 50
chloride

13 Benzene 0.12 L1 816




TABLE 14

SOLUBILITY DATA OF COMPOUND (I7a) AND (17c)

Solubility Percentage
Gms/100gms of solvent increase of
SI.No.  Solvents used (17¢) over
Compound (17b) Compound(17c) (7p)
1 Ethanol 0.16 0.23 1000
2 Stearic acid 0.09 0.7 677
3 Butyl acetate 0.031 0.83 2000
4 Kerosene 0.046 0.13 184
5 Paraffin Wax 0.3 0.4 200

6 Chloroform 2.4 6.9 187




Electronic Spectra (in chloroform) and R; values (in benzene) of

3-Methyl-5-pyrazolone dyes (l6a, 16b) and (17a, 17b, 17c)

The wave length maxima and molar extinction coefficient are
recorded in Table 15. The dyes (I17b) and (17¢c) derived from #4-o-tolylazo-
o-toluidine (llb) and 4-o-cumylazo-~o-cumidine (llc) respectively showed
bathochromic shift of the order of 9 to 10 nm with better tinctorial
strength as compared to the dye (i7a) derived from aminoazobenzene
(lla) (Table 15Fig.7). The photographic view of the solution of the dyes (17b)
and (I7¢c) in chloroform at equivalent concentration is shown in Figure
5.

Light Fastness of Monoazo and Disazo Dyes (5a), (5b), (12a), (12b), (17b)

and (17¢c)

The comparative light fastvness of monoazo and disazo dyes
derived from o-cumidine and o-toluidine as diazo components respectively
have been ‘evaluated by recording their electronic spectra in butyl acetate

at different intervals after exposing the solution of dyes in sunlight over

a period of 120 hours. The data is recorded in Table 17.

The dye (5b) derived from o-cumidine showed greater reduction
(0.1878) in molar extraction coefficient (log abscilon) as compared to
the dye commercial solvent orange 2 (C.I. 12100) (5a) (0.0379) over the
same period of time. However, the performance of (I12b) was comparable
(?\max 517 = 0.0788, Amax 355 = 0.0415) to that of commercial solvent
red 24 C.1. 26105 (%nax 517 = 0'05989’7}nax 365 = 0.01675). The 3-methyl-5-

pyrazolone dyes (l17c) and (I7b) also showed the comparable reduction

of abscilon values (0.0336 and 0.710 respectively).

o1



TABLE 15

ELECTRONIC SPECTRA AND R, VALUES OF }_—ME'[HYL:?_—PYRAZOLONE
16b) AND (17a,17b,17c)

DYES (l6a -

Compound No. A max (chloroform) o8 € : gii\uze:mien
(nm)

(16a) 4Ly 4.54340 0.021

(16b) 4.3 4.5340 0.025

(17a) 4L0 4.5125 0.028

(17b) 450 4.6924 0.048

(17¢) 4L9 4.6998 0.085

3¢
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Pigments prepared from ortho-cumidine derivative (5-nitro-o-cumidine)

The nitration of o-toluidine is normally associated with simultaneous
formation of small quantity of 6-nitro-o-toluidine with 4-nitro-o-toluidine
as major product. This small quantity (2-4%) of 6-nitro-o-toluidine
in commercial S-nitro-o-toluidine gives inferior dyeing when applied
as azoic diazo component. The nitration of o-cumidine with conc.H,50,
and HNO3 gives only 5-nitro isomer viz. 5-nitro-o-cumidine (i8) and
no formation cf other isomer was observed. The nitration of o-cumidine
(&) is represerted in (Chart 10-A). This nitro derivative of o-cumidine
when applied as azoic diazo component gave dyeing similar to 5-nitro-o-
toluidine.  The structure of 5-nitro-o-cumidine was confirmed by IR

and PMR spect-a.

Derivatives of o-toluidine, such as J5-nitro-o-toluidine (Fast
Scarlet G-Base), 4 -nitro-o-toluidine, 4-chloro-o-toluidine (Fast Red K.B.
Base) and 5-caloro-o-toluidine (Fast Red TR Base) are used as azoic
diazo components listed in Chart II. Ortho-cumidine (4c) is structurally
similar to o-toluidine with a large electron donating isopropyl group.
Therefore, it was felt that the derivatives of o-cumidine such as 5-nitro-o-
cumidine can also give rise to pigments comparable with those derived

from 5-nitro-o-toluidine.

Preparation of Pigments from 5-Nitro-o-cumidine (18)

5-Nitro-o-toluidine (Scarlet G Base (C.I. 37105) is used as diazo
component to prepare major commercial pigments such as pigment orange
3 (C.I. 12105), pigment red 22 (C.I. 123B), pigment red 162 (C.L. 12390),

pigment red 8 (C.I. 12335 ) and pigment red U4 (C.I. 12351) (Chart 1").
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AZOIC DIAZO COMPONENTS OF o-TOLUIDINE

NAME OF THE C.I. COMMERCIAL CHEMICAL CHEMICAL
AZOIC DIAZO NUMBER NAME NAME STRUCTURE
COMPONANT _

NH»>
AZOIC DIAZO | 37100 | RED RL 4-NITRO - CHz
COMPONENT BASE 0 -TOLUIDINE
34 |

NO2

NH2
AZOIC DIAZO | 37105 SCARLET 5-NITRO - CH3
COMPONENT G.BASE 0 -TOLUIDINE
12 05N

NH>
AZOIC DIAZO | 37080 —_— 3- CHLORO - CHz
COMPONENT o- TOLUIDINE

NH2
AZOIC DIAZO | 37085 | FAST RED | 4-CHLORO- CH3
COMPONENT K B BASE 0 -TOLUIDINE
11

Cl

NH2
AZOIC DIAZO | 37090 | FAST RED | 5-CHLORO- cH
COMPONENT TR BASE 0-TOLUIDINE
32

1




Chart 10B reoresents pigments derived from 5-nitro-o-cumidine (I8)
The compound (18) was diazotized and coupled with corresponding commer-
cial naphthols and 3-methyl-5-pyrazolone to get the pigments (19a-19c)

and (2la,2lb) respectively (Chart 10-B,C).
R¢ Values of compounds (19a to 19c) and (2la, 2Ib) in benzene

The compounds (19a), (19b), (I19¢c), (I19d), (19¢) and (2lb) were

purified by column chromatography using silica gel and benzene as
eluent. - All the above dyes derived from 5-nitro-o-cumidine were com-

pared with th= known commercial pigments (20a), (20b), (20c), (20d),

(20e) and (2la). The dye (2la) is not commercialised and not reported
in Colour IndexB". It is observed that by increasing the electron donating
nature of the side chain -CH3 to 'CH(CHB)Z’ the polarity decreases
as shown by the R, values of compounds (l19a to 19¢) and (2la, 2ib)

recorded in Takle 16.

The Electronic Spectra of Compounds (19a - 19e)and (2la, 2Ib)
The wave length maxima in nm and molar extinction coefficient

are recorded in Table 16, The pigments (19a), (19b), (19¢), (19d), (19¢)

and (2ib) derived from 5-nitro-o-cumidine (18) showed the comparable

N

max and tinctorial strength with the pigments (20a), (20b), (20c), (20d),

(20e) and (2la} derived from 5-nitro-o-toluidine (Chart 12, Figure 8).

The photographic. view of the solution of the pigment orange
3 (20a), pigment red 22 (20b), pigment red 162 (20c), pigment red 8

(20d), pigment redll4 (20e), (2la) and (19a to 19e,2lb) in chloroform at

equivalent concantration is shown in Figure 9.
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COMMERCIAL PIGMENTS FROM 5-NITRO-0-TOLUIDINE

CHART 12

60

COM., NAME OF THE C.I1. COUPLING STRUCTURE OF THE
NO. PIGMENT NUMBER COMPONENT PIGMENT
CHsz HO
(20a)| PIGMENT 12105 | 2-NAPHTHOL N=N Q
ORANGE 3
NO2 Q
HO CONH
(20b)| PIGMENT RED | 12315 | NAPHTHOL- N=N
22 AS
CONH
(20¢)| PIGMENT RED | 12390 | NAPHTHOL- e
162 ASD
Hz CONH Cl
(20d)| PIGMENT RED | 12335 | NAPHTHOL - N=N
8 ASE
CONH
(20e)| PIGMENT RED | 12351 | NAPHTHOL -
14 ASBS

Tk
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Comparison of dyeing behaviour of 5-nitro-o-cumidine hydrochloride
with 3 -nitro-o-toluidine

J-Nitro-o-cumidine was dyed as azoic diazo component with
different naphthols such as Naphthol AS-G Naphthol AS-BS, Naphthol
AS-BS and Naphthol ASBO.

In case of Naphthol AS-G, dyeing obtained from3 -nitro-o-cumidine
is greener than the corresponding o-toluidine derivative (Fast Scarlet
G Base). Similarly dyeing with Naphthol AS-BO cumidine derivative
is stronger and redder,as compared with toluidine derivative. The
dyeings with Naphthol AS and Naphthol AS-BS are comparable (Figure
10).
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EXPERIMENTAL

Preparation of o-nitrocumene (3)

The nitration of cumene has been carried out following the
procedure described by Haun and Kobel . The separation of o-nitro-
cumene isomer from the crude reaction mixture (3 kgs) was achieved
by fractional distillation under reduced pressuré{ 13 mm/Hg) in 5 lit.
distillation flask using 2.5 cms L.D. glass column of height 60 cms
and packed with "Hyflux" s.s. packings. Unreacted cumene (8 g
was removedk as first fractionat .50 to 60°C. After all the unreacted
cumene has been removed, o-nitrocumene started coming out at
110°C. Reflux- ratio was maintained at about 10:] by adjusting the
drops in the reflux head. In this way, 400 g of o-nitrocumene was
collected. GLC analysis of the product revealed purity of- 99.5%,

b.p. 115°C/13 mm, repor'ced1 UL 5°C/9mm.

Synthesis of o-Cumidine (4c)

A mixture of iron powder (100 g) and water (150 ml) was
heated to reflux (100°C). o-Nitrocumene (3) (85.5 g, 0.5 mole) was
added slowly to the mixture over a period of 3 to 4 hrs. Simultaneously
additional iron powder (100 g) was also added in the flask. The comple-
tion of the reduction was tested by dropping the reaction mixture
on a filter paper containing a drop of aqueous sodium hydroxide
solution, when no yellow colour due to unreacted o-nitrocumene
was detected. This was further confirmed by GLC analysis of an
aliquot of thé reaction mixture after suitable extraction. The reaction
mixture was steam-distilled. The crude o-cumidine collected from
the distillate was subjected to distillation under reduced pressure
(13 mm/Hg) to yield the o-cumidine (60.7 g, 80% yield) . b.p.

214°/732 mm; 95°C/13 mm; reported 214°C/732 mm, 95°C/13 mm.
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The purity of the product was ascertained by GLC analysis.
General procedure for the synthesis of monoazo dyes
Synthesis of o-cumidine-+#2-naphthol (5b)

Ortho-cumidine (1.35 g, 0.01 mole) was dissolved in concentrated hydrochloric
acid (10 ml) and 60 m! water and cooled to 0 to 5°C. Sodium nitrite (0.6 g,0.0l mole)
dissolved in 20 mlwatsr was added dropwise with stirring at 0-5°C. After diazotization
was complete, excess sodium nitrite was destroyed by using sulfamic acid.

In another beaker, 2-naphthol (l.44 g, 0.0l mole) was dissolved in sodium
hydoxide solution and cooled to 0-5°C. The above chilled diazo solution was added
dropwise with stirring to the naphthol solution. The pH was adjusted to 7 to 7.5.
The coloured precipitate was filtered and washed with water thrice and dried. Crude
dye was purified by column chromatography on silica gel using benzene-pet.ether
(80:20) as eluent and crystallized from benzene and petroleum ether in orange red
crystals (2.3 g, 80%) m.p.l40°C.

Reddish orange dye (5b)

Crystallized from benzene and petroleum ether,m.p. 140°C.

Found: C, 78.52; H, 6.10; N, 9.6l

C

N,O requires: C, 78.64; H, 6.2; N, 9.66%.

198

2
uv-viss P13 492 nm (log € 4.235)

520nm (log € 4.185)
IR (Nujol): 1600, 1550, 1825, 1350, 1300,1250, 1200, 1125, 1040, 800, 750 (Hydroxy!
is strongly chelated-and was not seen in IR spectra).
'H-NMR (cDCL,):
1.25 - 1.3 (3H, s, -CHj; group on the benzene ring atC-l 3H,s, -CH; group

on the benzene ring on the same carbon).

3.3 - 3.4 (IH, m, proton of the -CH group attached to the benzene ring)



6.5 - 8.8 {10H, m, protons of the aromatic ring).

16.5 (IH, s, OH group of the naphthalene ring, exchangeable

with D,0) (Figure 11).

Mass:  M" 290
Fragments at 275(52%), 183(27%), 158(23%), 143(23%),133(100%),
115 (51%), 91 (37%), 77(28%), 69(94%), (Figure 12).

Synthesis of o-cumidine-sl-naphthol (6b) '

The dye (6b) was synthesized by the general procedure
described above. The crude dye (6b) was purified by column ch;omato-
graphy on silica gel using petroleum ether, benzene (60:40) as eluent.
The dye separates out as red crystals (2.3 g, 80%) m.p.l00°C.

Red dye (6b):

Crystallized from petroleum ether and benzene,m.p. 100°C.

(Found: C, 78.45; H, 6.13; N, 9.56; C19H18N20 requires: C, 78.64;

H, 6.2; N, 9.66%).
1

IR and "H-NMR showed similar pattern.
UV-Vis: CI}EIBmax 398 nm (log & 47054), 460 nm (log &€ 3.760).

Mass:  M? 290.
Synthesis of o-cumidine-yp-cresol (7b)

Similar method of diazotization and coupling was followed
as described above in general procedure. The yellow crude dye was
purified by column chromatography on silica gel using petroleum
ether and benzene (60:40) as eluent in yellowish red crystals m.p.
50-54°C.

Yellowish red dye (7b)

Crystallized from petroleum ether and benzene m.p. 53-~55°C.

| (Found: C, 75.41; H, 6.92; N, ll.3; C,_H NZO requires: C, 75.59;

16718
H, 7.09; N, 11.02%).
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‘ ’ ' s nm (log 4-149),
uV-vis: CHCl3may 420 nmllog € 3.728), 39 (g 4+149)
Mass: .M™ 254

IR and lH—NMR showed similar pattern.

Synthesis of commercial solvent dyes (5a), (6a) and (7a)

The commercial solvent dyes, solvent orange 2 (5a), solvent
red 2 (6a) and solvent yellow 12 (7a) were prepared by following
the general method using o-toluidine as diazo component. All the

dyes were purified by crystallization.

Dye Melting points Melting pOiﬁ]tS
obtained reported

(52) 131°C 131°C

(6a) 144°C 144-46°C

(7a) 96.5°C 97°C

All these commercial solvent dyes (5a), (6a) and (7a) were taken for
comparison of solubility study.
Synthesis of #-o-cumylazo-o~cumidine (lic)

Ortho-cumidine (13.5 g, 0.l mole) was dissolved in 20 ml
water and concentrated hydrochloric acid (6 ml, 0.05 mole) and
cooled to 0 to 5°C. Sodium nitrite (3.45 g, 0.05 mole) dissolved
in 2 ml of water, was added dropwise with stirring at 0-5°C in
3 to 4 hrs. Sodium chloride (5 g) was added in the diazo solution
by lots, when ai yellow precipitate separated out. It was filtered
and suck dried. Crude yellow compound was suspended in 29
ml of water to which | ml of conc. hydrochloric acid has been added.
The solution was Stirred for 40-50 hrs. Then it was heated to 40-45°C
for 4-5 hrs. Brownish red solid which separétes out was filtered
and dried. It was crystallized from petroleum ether as reddisﬁ yellow

crystals (16.8¢ g; 60%) m.p. 11l to 112°C.
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The crystallized compound (2 g) was again purified by
column chrematography on silica gel using petroleum ether and
benzene as eluent as reddish yellow crystals (1.6 g, 80%).

Reddish yellow dye (lic):

Crystallised from petroleum ether and benzene (60:40),
m.p. llI-112°C.

(Found: C, 76.67; H, 8.02; N, 14.88; C18H23N3 requires: C, 76.87;

H, 8.19; N, 14.93%).

CHCl, 375 nm (log € 4.681).

UV-Vis: P 3

max
IR(Nujol): 31-3260 (NH,), 1650, 1620, 1580, 1510, 1470, 1430, 1390,
1305, 1290, 1240, 1190, 1150, 1100, 850, 780 (Figure 13).

'H-NMR (CDCL):
1.25 (;H, s, -CH; group of the Ist benzene ring)
1.25 (3H, s, -CH, group of the same benzene ring)
1.32 (3H, s, —CH3 group at the 2nd benzene ring)
1.32 (BH,S,—CH3 group at the 2nd benzene ring)
2.8-3.2 (IH, m, proton of the -CH group attached to the
two -CH, groups in the Ist benzene ring).
3.8-4.2 (IH, m, protons of the -CH group attached to
the two -CH; groups in the 2nd benzene ring).
4 (NH, group, exchangeable with DZO) (Figure 14).
6.8-8 (7H, m, aromatic protons).
Mass: M 28l,
Fragments at 266 (61%), 224 (20%), 149 (78%),133 (100%),
125(22%), 119 (37%), 106 (52%), 91 (33%), 77(9%) (Figure

15).
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Synthesis of commercial dye, solvent yellow 2 (lla)

This commercial dye, solvent yellow 2, aminoazobenzene
(lla) was synthesized by the process given in the literaturelg,m.p.
obtained 124.5°C, m.p. repox“ced18 125°C.

Synthesis of commercial dye, solvent yellow 2, 4-o-tolylazo-o-
toluidine (1lb)

The dye (llb) was prepared by the process given in the
literature (Colour Index)3 m.p. obtained 100°C, m.p. repor'cezd3 100°C.
These dyes (lla) and (lIb) were taken for solubility study to compare
the new dye (lic).

General procedure for the synthesis of disazo dyes
Synthesis of 4-o-cumylazo-o-cumidine -32-naphthol (12b)
4-Ortho-cumylazo-o-cumidine (llc) (2.8! g, 0.0l mole) was
dissolved in a mixture of acetic acid (70 g), water (30 ml) and conc.
hydrochloric acid (20 ml). The solution was cooled to 0-5°C. Sodium
nitrite (0.79 g, 0.0l mole) dissolved in 20 ml water was added dropwise
under stirrirg, maintaining the temperature between 0-5°C. After
diazotization is over,excess nitrite was destroyed by adding sulfamic
acid.

In another beaker, 2-naphthol (L.44 g, 0.0l mole) was dissolved
in sodium hydroxide solution and cooled to 0-5°C. The diazo solution
prepared above was added dropwise at 0-5°C under stirring main-
taining the pH 7 to 7.5 by adding cold sodium hydroxide solution.
Sodium acetate (5 g) was added in the mass. The violet red dye
was filtered and washed with water. It was crystallised from petroleum
ether and benzene mixture (60:40) in violet red crystals (3.59 g,

79.9%) m.p. .77-178°C.
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The dye obtained (I g) was purified by column chromato-
graphy on silica gel using benzene:petroleum ether (70:30) as eluent

in violet red crystals (0.89 g; 80%) m.p. 178°C.

Violet red dye (12b)
Crystallized from benzene in red crystals m.p. 178°,

(Found: C, 77.12; H, 6.40; N, 12.71; C,.H. N

2828 O requires: C, 77.06;

4
H, 6.42; N, 12.84%).

SEHCLS 355 nm (log € #.169), 523 nm (log € 4.192).

UV-Vis (CHCL):
" max

IR (Nujol): 1620, 1440, 1360, 1310, 1280; 1260, 1240, 1200, 1150, 1060,
960, 940, 840, 750 (OH group is strongly chelated and
is not observed in IR).

'H-NMR (CDCL,):
1.4(3H, s, -CH3 group of the Ist benzene ring)

1.50 (3H, s, -CH3 gr. of the Ist benzene ring).

1.56 (3H, s, -CH, gr. of the 2nd benzene ring).

1.62 (3H, s, --CH3 gr. of the 2nd benzene ring).

3.2 to 3.5 (IH, m, proton of the -CH gr. attached to the
two -CH; grs. in the Ist benzene ring).

3.8 to 4.8 (IH, m, proton of the -CH gr. attéched to the
two -CH3 groups in the 2nd benzene ring.

6.8 to 8.2 (13H, m, aromatic protons)

16.8 (IH, s, OH gr.of the naphthalene ring exchangeable

to D,,0) (Figure 16).
Mass: M' 436 (Figure 17).

Synthesis of red dye, 4-o-cumylazo-o-cumidine —% phenol (13b)
Similar method of diazotization and coupling was followed

as described above in general procedure. Red crude dye was purified
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by column chromatography on silica gel using petroleum ether,
benzene (60:40) as eluent. T.h'e dye was obtained as red crystals
(2.5 g, 65%) m.p. 52-53°C.

IR (Nujol) and'H-NMR (CDCIB) showed similar pattern described
above.

(Found:C, 74.80; H, 6.6; N, 14.58; C H,O requires: C, 74.6l;

2M26My
H, 6.74; N.1%.51%).
Mass: M* 386
Synthesis of disazo dyes (15a-15d)

The disazo dyes (l__53 to_15d) were prepared by th.e general
procedure described above. Here,the series of different naphthols
such as, naphthol-AS, naphthol ASD, naphthol ASE, naphthol ASTR

were used as coupling components and p-cumylazo-o-cumidine as

diazo component.

Disazo dye, 4-o-cumylazo-o-cumidine —3-hydroxy-2-naphthanilide
(15a) |

Tre dye was purified by column chromatography on silica
gel using besnzene as eluent. It was crystallized from benzene in
red crystals (4.5 g, 81%), ™-?. 21’
(Found:C, 75.71; H, 5.82; N, 12.40;C35H33N502 requires:C, 75.68;
H,5.95;N,12.61%).

CHCI

UV-Vis: Q. max3 542 nm (log €4.5540)

IR( Nujol): 1680 (C=0), 1600, 1540, 1480, 1445, 1370,1340, 1300,1260,
1200, 1160, 1080, 1040, 1020, 980, 960, 900, 850, 750.
'H-NMR (CDCL):

141 (3H, s, -CH; gr. of the Ist benzene ring).
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.48 (3H,s, -CH, gr. of the Ist benzene ring)

1.55 (3H,s, -CH, gr. of the 2nd benzene ring).

1.62 (3H, s, -CHBgr. of the 2nd benzene ring).

3.6 to 3.8 (IH, m, proton of the CH gr. attached to the

two -CH, grs in the Ist benzene ring).

3.8 to 4.8 (IH,m, proton of the -CH gr. attached to the

two -CH; grs. in the znd benzene ring).

6.8 to 8.4 (I7H, m,aromatic protons)

11.9 (IH,s, NH gr.attached to CO gr.)

15.9 (IH, s, OH gr. of the naphthalene ring).

Mass: M’ 555
Red dye, %4-o-cumylazo-o-cumidine — 3-hydroxy-2-naphtho-o-toluidine
(15b)

The dye is purified by the same method described above
and crystallized from benzene in red crystals (4 g, 70%) m.p.192-93°C.
(Found:C, 75.8;H, 6.3; N,IZ.OS;C36H35N 502 requires: C, 75.92; H,
6.15; N,12.30%).

uv-vis: €13 539 nm (log € 4.5440).
max

IR(Nujol)and lH.NMR (CDCIB) showed same pattern as described
in (153)

Mass: M* 569,

Red dye, 4-o-cumylazo-o-cumidine —y 3-hydroxy-4-chloro-2-naphtha-

nilide (15¢)

The dye is crystallized from benzene in red crystals (4.5g,

769%) m.p. 230°C.
(Found: C, 71.10; H,: 5.53; N, 1.6 C,5H35N50,Cl requires: C, 71.25;

H,5.43;N,11.88%).
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uv-vis: S5 540 nm (1og € 4.890)

max
IR (Nujol) and lH-NMR (CDCIB) showed same pattern described
in (15a).
Mass: M* 589
Red dye, 4-o-cumylazo-o-cumidine —» 3-hydroxy-&-chloro-2-methyl-2-
naphthanilide (15d)

The dye (15d) is crystallized from benzene in red crystals
(4 g, 66%) m.p. 210°C.
(Found: C, 7L62; H, 5.42; N, 11.51; C N 50

Cl requires: C, 71.54;

36H34N 50,

H, 5.63; N, 11.59%).

CHZI

UV-VIS: 2 3 540 nm (log € 4.5607)

max
IR (Nujol) and NMR (CDC13) showed same pattern as described
in (15a).
Mass: M* 603.
Synthesis of o-cumidine—s3-methyl-3-pyrazolone dyes
The dye (i6a), (16b)

Dyes (16a), (l6b) were prepared by the general procedure
described for mono azo dyes except th:'at o-toluidine and o-cumidine
were used as diazo component respectively.

Yellow dye (16b)

Crystallized from benzene in yellow powder m.p. 182-84°C.
(Found: C, 63.81; H, 6.6l; N, 22.8l; C13H16N40 requires: C, 63.93;
H, 6.55; N, 22.95%.

CHCl

UV-VIS: A7 3 443nm (log € 4.5340)

max
IR(Nujol): 3250, 1670,1550, 1440, 1345, 1360, 1280, 1240, 1060, 960,

870.
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H-NMR (cDCl):

1.25 (3H, s, -CH; gr. on benzene ring at Cl)

1.37 (3H, s, -CH3 gr. on the benzene ring at Cl)

2.3 (3H, s, CH3 gr. on the pyrazolone ring at C3)

3 - 375 (IH, m, CH gr. on benzene ring attached to two

methy! grs.)

7.70 - 7.9 (4H, m, aromatic protons)

9.02 (IH, s, NH gr. on the pyrazolone ring at C,) (Figure18).
Mass: M* 244 '

229(35%), 216(14%), 201(12%), 133(100%),118(68%), 106(14%),

91(32%), 77(13%) (Figure 19).

Synthesis of yellow dye (l6a)

The yellow dye (l6a) was prépared by the same process
described in general procedure for monoazo dyes using o-toluidine
as diazo compound and 3-methyl-5-pyrazolone as coupling component.
Crystallized from benzene, m.p. 232°C.

(Found: C, 60.40; H, 6.0l N, 25.62; CyH3

N, O requires: C, 60.83;

4
H, 5.99; N, 25.81%).
IR, NMR showed same pattern as for the other dyes (Figure 20)
Mass: M 217,
Synthesis of 4-o-cumylazo-o-cumijdine . <3-methyl-5-pyrazolone)
(170)

The yellow dye (l6c) was also synthesized with the procedure
described in the general procedure for disazc dyes using 4-o-cumylazo-

o-cumidine as diazo componént and 3-methyl-5-pyrazolone as coupling

component.
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FIGURE 20




Crystallized from benzene, yielded a yellow powder m.p.190°C.

(Found: C, 67.48; H, 6.68; N, 2L.41;C C requires: C, 67.69;

22H26N¢
H, 6.67; N, 21.549.

UV-VIS: A CHCL3 440 nm (log € 4.6998)

max

IR (Nujol): 3150 (NHZ)’ 1670 (C=0), 1550, 1440, 1360, 1310, 1280, 1240,
1430, 1180, 1170, 1050, 960, 900.
lH-NMR:
1.42 (3H, s, -CH; gr. of the Ist benzene ring).
1.5 (3H, s, -CH, gr. of the Ist benzene ring)
1.55 (3H, s, -CH3 gr. of the 2nd benzene ring).
1.62 (3H, s, -CH; gr. of the 2nd benzene ring).
2.3 (3H, s, CH; gr. on pyrazolone ring.
3.2 to 3.56 (IH, m, proton of the CH gr. attached to the
two CHj; grs. in Ist benzene ring).
3.8 to 4.8 (IH, m, proton of’ the CH gr. attached to two
—CH3 grs. in the 2nd benzene ring.
7.€0 to 7.9 (7H, m, aromatic protons).
9.2 (IH, s, OH gr. on the pyrazolone ring) ' ..
Mass: M™ 399
375(100%), 258(61%), 147(70%), 132(70%), 117(53%), 91(31%)
Figure 2I.
Synthesis of yellow dye (i7b), 4-o-tolylazo-o-toluidine—p3-methyl-
_S-pyrazolone
Crystallized from benzene to yield a yellow powder m.p. 260°C.

(Found: C, 6é4.4l; H, 5.12;3 N, 25.3; C18H18N60 requires: C, 64.67;
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H, 5.39; N, 25.15%).

wv-vis: T3 450 nm (log ¢ 4.6924)

max
IR (Nujol) and lH.NMR (CDCIB) showed same pattern as described
in compound (17¢).

Mass: M" 334,

Synthesis of 5-nitro-o-cumidine (I8)

Ortho-cumidine (13.5 g, 0.1 mole, conc. sulphuric acid (150 g) were
taken in three-necked flask and cooled to 0 to -3°C.

In another beaker a mixture of conc. HNO3 (6.3 g, 99.8%),
conc. sulphuric acid (30 g) and water (56 ml) was prepared by cooling.
This mixed acid was added to the above three-necked flask with
stirring in 3 hrs. The mass becomes semisolid at the end. The
reaction was kept under stirring for further 2-3 hrs to complete
the nitration. Solid paste was filtered and suck dried. The brownish
white solid was taken in water and neutralised with sodium carbonate
to obtain the free base. The free base was distilled under vacuum
at 156-158°/5-8 mm to yield 18 (15 g, 83%). 2 g of above liquid
was purified by column chromatography on silica gel for spectral
analysis (1.8 g).

IR _(Nujol): 3490, 3400,3200, 3090, 2980, 1630, 1500, 1420, 1320,

1200, 1200, 1100, 1070, 9a50, 870, 810, 740 (Figure 22).
'H-NMR (CDCI,):

LI (3H, s, -CH; gr. on the benzene ring).

1.2 (3H, s, CH3 gr. on the benzene ring)

2.5 - 2.9 (IH, m, CH gr. on the C, of benzene ring).

!
3.9 - 4.1 (2H, s, NH,, group on the benzene ring).
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6.8 - 7.3 (3H, m, aromatic protons) (Figure 23).
Mass: M* 180
165(70%), 119(100%), 107(60%), 9N45%), 77(19%) (Figure

24},

General procedure for the synthesis of pigments from 5-nitro-o-cumidine

and naphthols (19a to 19e) and (2ib)
Synthesis of 5-nitro-o-cumidine-»2-naphthol (19a)

5-nitro-o-cumidine (18) (1.8 g, 0.01 mole) was dissolved
in a mixture of conc. hydrochloric acid (10 ml} and water (30 ml).
The solution was cooled to 0-5°C. Sodium nitrite (0.69 g, 0.0l mole)
dissolved in 20 ml watef was added dropwise with stirring at 0-5°C.
After diazotization was complete excess sodium nitrite was destroyed
by sulfamic acid. In another beaker 2-naphthol (lL.44 g, .0l mole)
was dissolved in sodium hydroxide solution and cooled to 0-5°C.
The above chilled diazo solution was added dropwise with stirring
to the naphttholic solution. The pH -was adjusted upto 7 to 7.5
by adding sodium acetate. The red coloured precipitate was filtered
and washed with water. Crude red pigment was purified by column
chromatography on silica gel by using petroleum-ether benzene
mixture (80:20) as eluent. Further crystallisation from the same
solvent yielded the pigment as red crystals (2.5 g, 70%), m.p.214°C.

Similarly pigments (I9b), (19c), (19d), (19¢) were synthesized taking

corresponding naphthols.

Red pigment (19a)

Crystallized from petroleum-ether and benzene mixture (80:20),
m.p. 214°C.

Found:C, 67.2; H, 5.2 N,l12.50; C19H17N303 requiress C, 68.06;
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H, 5.07; N, 12.56%.

CHCI

UV-VIS: 2773 480 nm (log & 4.3208).

max
IR (Nujol): 1530, 1490, 1390, 1370, 1280, 1250, 1210, il60, 1140, 1130,
| 1060, 1040, 900, 850, 750. OH is chelated, hence not
observed in IR.
'H-NMR (CDCI):
1.2 (3H, s, -CH; gr. on the benzene ring).
1.45 (3H,s, -CH, gr. on the benzene ring).
3.3-3.6 (IH, m,CH group atached to two --CH3 grs. on
the benzene ring).
6.7-8.5 (8H, m, aromatic protons) (Figure 25).
Mass: M* 335,
Pigment 5-nitro-o-cumidine—3-hydroxy 2-naphthanilide (19b)
Crystallized from petroleum-ether:benzene (10:90) as red crystals,
m.p. 205°C. |
(Found:C, 68.51; H,4.70; N, 12.68; C26H22N404 requires:C, 68.72;
H, 4.85; N, 12.83%).

wv-vis: 2 CHC3410 nm (log € 2.9132); 498 nm (log & 3.2909); 515
max

nm (log  3.29092).
Mass: M 454,
Pigment 5-nitro-o-cumidine — 3-hydroxy 2-naphtho-o-toluidine (19¢c)
Crystallized from petroleum ether-benzene (10:90) as red crystals
m.p. 213°C.
(Found:C, 69.0f; H,5.2l; N, 12.1;C27H24N40# requires: C,_ 69.23;

H, 5.13; N, 12.00%).
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uv-vis: 2-HC3 45 nm (log € 4.0929), 495 nm (log € b.466); 520

max

nm (log € 4.458).
Mass:M* 468.
Pigment 5-nitro-o-cumidine — 3-hydroxy - 4-chloro-2-naphthanilide
Crystallized from petroleum-ether benzene mixture (l10:90) in red
crystals, 21%-15°C.
(Found: C, 63.71; H, &.4l5 N, 11.31;C, H, N, O,Cl requires: C, 63.88;
H,4.30; N, 11.46%).

CHCI

UV-VIS: 0" 73 410 nm (log & 3.7576),490 (log € 3.7308), 520 nm

max
(log €3.6599).

Mass: M" 488.

5-nitro-o-cumidine — 3-hydroxy-3- nitro-2-naphthanilide (19¢)

Crystallized from petroleum-ether:benzene mixture (10:90) in red

crystals, m.p. 240-42°C.

(Found: C, 62.6l3 H, 4.ll; N, 14.02; C26H21N506 requires: C, 62.53;

H,4.21; N,14.03%).

CHCI

UV-VIS: A"7'3 415 nm (log € 3.8103), 495 nm (log € 4.0577);520

max
nm (log € 4.52943).
Mass: M¥ 499,
~ Synthesis of pigments (20a) and (20b)
The pigments (2la) and (2lb) were prepared by the general
procedure described above by taking 5-nitro-o-cumidine as diazo
component and 3-methyl-5-pyrazolone as coupling component. Com-

pounds (19a to 19¢) showed same pattern of NMR and IR.
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Pigment 5-nitro-o-toluidine- ... -}__3~;methyl—§_~—pyrazolone (21a)

Crystallized from benzene in yellow crystals, m.p. 299 -

(Found: C, 50.28; H, 4.20; N, 26.68; C“HHNjo3 requires: C, 50.57;
H, 4.21; N, 26.82%).

Mass: M* 261.

Pigment 5-nitro-o-cumidine—»3-methyl-5-pyrazolone (2lb)

Crystallized from benzer;e in yellow crystals, m.p. 232-33°C.
(Found:C, 53.89; H, 5.ll; N,24.20; C13H151‘\1503 requires:C, 53.98;
H,5.19; N, 24.22%). '

uv-vis: 2°HCY (Table 16)

max
Mass: M* 289

Compounds (2la) and (2lb) showed same pattern of NMR and IR.

Dyeing Method (General Procedure)

The dye baths containing naphthol solution and diazo solution
so as to obtain 1% shade on the cotton hanks were prepared according
to following recipe.

Naphthol ASG
Naphthol_ ASG ......l g (pasted with -TRD).
Sodium hydroxide solution (70%) .. 1.5 g

Water ... ... 20ml

mixed together and volume was made to 500 ml by adding water.

Glauber salt (7.5 g) was added to above solution.
Diazo solution

Fast base .. .. lg

conc. hydrcchloric acid .. .. 2 ml

Boiling water .. .. 100 ml
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were mixed together and cooled to 0-5°C by adding ice. Sodium
nitrite (0% wlv, 5ml)was added by vigorous stirring.  After 0.5 hrs
the solution was neutralized with 10 cc of 10% sodium acetate.
After addition of 0.5 to 1 ml of HAc and 10% glauber salt, the
solution is made upto 500 ml by adding water.
Dyeing

The hank is entered into the bath containing the naphthol
solution and naphthalated for 30 min. The hank is then squeezed
and then azoic dye is developed on the hank by dipping it-into the
dye batch. containing the diazo solution for 15 min. with constant
shaking. The hank is then taken out washed and rinsed with cold
water. The dyed hank is soaped at boiling for 10-15 min. with a
soap solution containing 20 g./l of soap and 20 g/l of soda ash to
remove the surplus dye and dried.
Method for evaluation of solubilities

About 1.5 g to 2.5 g of the dye accurately weighed was
dissolved in 10 ml of the solvent. The mixture was stirred for 30
min. by using magnetic stirrer. The undissolved dye from the saturated
solution at 30°C was filtered through previously weighed sintered
glass funnel. The undissolved dye was weighed. Solubility of the
dye was thea calculated from the amount of the dye dissolved and

expressed as gms/100 g of solvent.
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CHAPTER 1L

BIOLOGICALLY ACTIVE 4-THIAZOLIDINONES
FROM SCHIFF BASES |
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INTRODUCTION

In order to ensure health to all after 2000 A.D. it is proposed that
a new generation of drugs will aim at preventing and curing the
diseases rather than treating the symptoms. Now a days biologists,
chemists and computer scientists have joined together and formed
a group for drug designing. Such drugs will be cloned from bodies
own genes, hormones and enzymes and they will mimic nature to
cure patient. Therefore, it is believed that the next century will
see a new wave of vaccines to prevent number of diseases like
cancer, maleria, typhoid, tuberculosis and hepatitis. Organic chemists
will render their part by synthesizing these natural compounds
in order to produce them in large quantities. This role along with
the another approach to cure diseases by using the inhibitors of

particular enzymes have been reported.

Recently, an antihypertensive drug Captopril has been introduced
in the market as it was found to be an inhibitor of ACE (angiotensin
converting enzyme). Similarly number of drug companies abroad
have taken up drug designing in order to cure the diseases caused

by these enzyme reactions.

If one looks at the history of drug development number of chemo-
therapeutics were in use since fifteenth century or even before.
After second World War various schemes came into existence in

the developed countries.
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Earlier Alexzander Flemming discovered penicillin which
has been found to be extremely useful in saving the life of thousands
of people. Similarly, an American’ team headed by Solman Walksman
discovered streptomycin, finest antibiotic effective against antituber-

culosis in 19¢4.

Since then, various multinational companies have been
doing worthwhile research in drug designing. Most of the, organic
compounds have chemotherapeutic activity due to the presence
of specific structural unit. The different groups which are necessary
for biological activity have been idex’m‘cified1 and Table | is presented
with data in order to find out the structure and activity relationship

in number of drugs.

Now, it is established that tuberculosis can be cured in
almost 100% reliability with an antibacterial Rifamycin, INH (Iso-
nicotinic acid hydrazide), Viomycin, Pyrazinamide etc. According
to the latest estimate available for whole world 2.5 million people
are infected by tuberculosis each year and more than half of million
die from itla. In India, about 1.5 million i.e. nearly one half of
the world tuberculosis patients are affected. A survey carried
out in Greater Bombay in recent past indicated that about 5000
people die because of tuberculosis while about 30,000 are affected
by disease every year. Therefore, a massive programme to eradicate

tuberculosis from our country is necessary.
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TABLE 1
Biological Activities Associated with Structural Units!
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Chemical Type of Name ofthe drug Biological activity

group structure

Acetals R,.({‘?CHZCHCH NR Paraldehyde Antimalarial

p: L 2] 22 . . .
G-t Febrifungine hypnotic
Glyketal.

Acids RCOOH Frepionic acid Fungistatic
chautmogric Mycobacteriostatic
acid

RCHOHCOOH Mandelic acid Bacteriostatic
HO- Ar-COOH Salicylic acid Microbiostatic
antipyretic
RCH(NHZ)CODH Amino acids Nutritional
Antimitotic
Alcohols ROH where Benzyl alcohol Local anesthetics
R is simple Ethanol Sedative
or complex Anticonvulsant
choline Transmethylation
SHTF Serotonin CNS stimulant
Amides RCONH2 Acetophenetidine Analgesic
RCONR2
Amines Ar-CH CHNHR Phenethylamine Pressor
OH Amphetamine CNS stimulant

Amino- A"CHOH(CHZ)n‘ Ephedrine CNS stimulant *

alcohols NR2

Esters ArCOO(CHZ)n- Cocaine CNS stimulant

NR2 Scopolamine CNS depressant

Ethers R,O Morphine Analgesic

ArOR Diphenhydramine Sedative
Guanidine RNHC(=NH)- Chlorguanide Antimalerial
NHR' Streptomycin Antibacterial



TABLE 1 (Contd.)

Chemical Type of Name ofthedrug Biological activity
group structure
Halogenated CHCl3 Chloroform Anesthetic
compounds RCl Idoform Antiseptic
DDT Neurotoxic
RNHCI Chloral Hypnotic
RSOZNHCI Flurocorticoils Antiinflammatory
Hydro- RH Cyclopropane Anesthetic
carbons
Ketones (OH) ArCOR Acetophenone Sedative
Camphor Analeptic”
Ketonic steroids Hormonal
Mercurials Containing Hg Antiseptic
Nitro- ArNC2 Chloromphenicol Antibiotic
compounds Nitrofurans Bacteriocidal
Nitrocresols Weight reducing
Phenols ArOH Cresols Antiseptic
Thiosemi- ArCH:NNHCSNH2 Antituberculosis
carbazones
Sulphones R2502 Sulphonal Hypnoatic
Sulphone deri- Analgesic
vaives
Thiourea RNHCSNHR Thiourea Antithyroidal
={ -Naphthylthiourea  Anticoagulant
Urethones RCOCONH2 Dithiocarbamates Fungistatic
(carbamates)
Hydrazide RCOMNHNH INH Anitubercular

2
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History of Tuberculosis

Mycobacterium tuberculosis was isolated by Robert Koch
in 1882 which is the principal cause of tuberculosis in humanbeings.
The germs mycobacterium include both saprophytic and pathophytic
species. The saprophytic mycobacteria are widely distributed in
nature, in soil, in water, in grains, grasses, in butter, upon the
skin of the man and o'gher animals. The pathogenic species may
produce diseases in a variety of mammals, birds, fish apd other
cold blooded animals. Many mycobacteria are potentially pathogenic
for man e.g. M. kanaassi and M. avim. Man is also susceptible to

infection with M. boxis.

Morphology and Staining of Tuberculosis

M. tuberculosis is a thin rod shaped organism which may
be either straight or slightly curved. The average length of bacillus
is L.5s4(with a breadth 0.3 to 0.6 A .The organism may be found
either single or in small groups. The waxy lipoid content of the
bacilli consist of phosphatides, acetone soluble fats and chloroform
soluble wax. The rods are nonmotile and nonspongenous. Tuberculosis
bacilli are aerobic in nature and moisture is necessary for their

growth.

Role of Antibacterial Activity

The present antitubercular drugs have failed to achieve
the ultimate goal of relieving completely the suffering human races
from tuberculosis. The main reasons may be high order of toxicity

of drugs, inefficiency in interfering the normal metabolism of the



infective organisms, inability of the drug in penetration due to
the nature of tubercle bacilli, concentration of the drug in bacillus
cell and surrounding environment of the tissues. Therefore, it
is necessary to invent new drugs which contain activity against
tuberculosis but‘have less toxicity to the human body. Such type
of drugs can be used sdccessfully in combating tuberculosis in human
beings. Such type of problems remain for investigation to the organic
chemists. Some of the important drugs used to cure the tuberculosis

and leprosy are tabulated in Table 2.

Inventions on Antitubercular Active Drugs

Number of published reviewsz—5 and literature is available
in chemotherapy on tuberculosis. These reviews show that there
is still scope for designing of new chemicals without side effects.

The common therapeutic agents are classified into three

categories:

A. Sulphur containing compounds

B. Non-sulphur containing compounds
C. Antibiotics

Different antitubercular active drugs are tabulated in

Chart | as per their classification.

4-Thiazolidinones
Introduction

Thiazolidinones are the derivatives of thiazoline which
belongfL to an important group of heterocyclic compounds. The

penicillin antibiotic structure has a thiazoline ring along with

p—lactam aztached to it. Numerous reports have appeared in the
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TABLE 2
SL.No. Drug Year of Used for
discovery
I Dapsone 1939 Leprosy
Streptomycin 1944 Tuberculosis
3 p- Aminosalicylic 1946 Tuberculosis
acid (P AS)
4 Thioacetazone 1946 Tuberculosis
5 Viomycin 1951 Tuberculosis
é Pyrazinamide 1952 Tuberculosis
7 Isoniazide 1952 Tuberculosis
8 Thiambutosine 1953 Tuberculosis
9 Cycloserine 1955 Leprosy
10 Ethionamide 1957 Tuberculosis
Il Kanamycin 1957 Tuberculosis
12 Clofazimine 1957 Leprosy
13 Ethambutal 1961 Tuberculosis
14 Rifampicin 1965 Leprosy
15 Caprecmycin 1966 Tuberculosis

L}
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literature which highlights their chemistry. Excellent reviews35-38

have been written on 4-thiazolidinones. Zoloterova and coworkers36
reviewed the article which deals with the use of thiazolidinone

derivatives as stabilizer for polymeric materials.

Over the years 4-thiazolidinones have been synthesized
for a wide range of industrial pharmaceutical and biological purposes.

The thiazolidinone derivatives have been shown to exhibit fungi-

cida139"54, pesticidal 39’55—57, antitubercularw’jg_w,

58,61-65

ranticon~

vulsant . hypnoticés, nematocidai”, bactericidal

"
antiviralsu’h

and possible antimytotic properties”,they may also act as potential

- .
antiradiation’ ® and c:hemc>1therapeutic7o agents. Recently, substituted

thiazolidines reported to have aldose reductage inhibitory activity77

Synthesis of 4-thiazolidinones

General procedures for the preparation of &4-thiazolidinones
describe the formation of the 3-4 bond via cyclization of an appro-
priately substituted acyclic compounds which had been generally

prepared from either thiourea or thioglycolic acid derivative.

Formation of the 3,4-bond
The simplest synthesis of pseudothiohydantoins(3) (Chart

2-A) is by condensation of (I) with substituted o{-chloroacetates

. Synthons81 of ol-chloroacetates, epoxiacidesgz, « -chloro-
acetic anhydrides83 and dialkylacetylene dicarboxylategu have been
successfully substituted for (2). Symmetrical diarylthioureas (4),
conveniently synthesized from the corresponding arylamine and

carbondisulphide, react with -haloacetic acid derivatives to give

40-45,53,57,67-71

. herbicidal73, antiprotozoal53 and hypoglycemic activity 74
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‘a single thiazolidinone (2)39’55’83 (Chart 2-B).

Arcmatic Schiff bases (6) from the corresponding aldehyde
and ketone and primary amine undergo reaction with o{-mercapto-

alkanoic acids (7) or their derivatives to give 4-thiazolidinones
(8)64,85—90

(Chart 2-C).

A convenient synthesis of 2~arylidéne hydrazono-4-thiazoli-
dinone () from ethylcyanoacetate (9) arylidenazines (10) and hydrazine
hydrate has been reported%. Probably the reaction pro&zeds via
the intermediary hydrazone which condenses with (9) to give (ll)

(Chart 3-A).

The reaction of thiobenzanilide (12) with bromoacetic
acid in the presence of triethylamine affords S-carboxymethyliso-
thiobenzanilide (13). Compound (13) on treatment with acetic anhydride

and triethylamine gives pseudobase (£+_)92 (Chart 3-B).

Formation of 2,3-Bond
2-Haloacetamides (15) react with potassium thiocynate
(16) to give 2-thiocyanatoacetamides(l7) which cyclize in proton

donor solvents to the 2-imino-4-thiazolidinones (_4‘8_)93 (Chart 3-C).

Substituted thioglycolamide (19) on treatment with ethyl-
chloroformaze gives corresponding thiazoldine 2,4-diones (21) via

an intermediate carbonate (Q)gl‘t (Chart 3-D).

Formation of 1,5-Bond
Allyl chloride (22) when treated with ammoniumthiocynate

in refluxing n-butanol gave thiourethan (23). This thiourethan which

e
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reacted witho(chloroacetylchlioride and senzaldehyde gave 5-arylidene

dione (_2_5!_)95 (Chart 4-A).

Formation of 1,2- and 3,4-Bonds

Imines (25) on treatment with ketene (26) in sulphurdioxide
afforded substituted thiazolidine-4-one l:l-dioxide (g'_)% (Chart
4-B). To support the results, it was suggested that this (3+2) cyclo-
addition proceeded via l,3-dipolar intermediate”’ (29) (Chart 3-B).
This ketene-sulphurdioxide adduct(29) reacts cleanly with ;romatic

amines98 and imines99 and carbon nitrogen double bondsloo’lOl.

Formation of 1,2-and 1,5-Bonds

Diphenylketene (30) undergoes reaction with diisopropyl-
carbodiimide in liquid sulphurdioxide to give (3l). It was suggested
to be two step process via a l,4-dipolar intermediate similar to

(29)102,

Phenylalkylketenes similarly react with Schiff bases in
liquid sulphurdioxide to give onlytransthiazolidinone I,l-dioxide (32)

(Chart 4-C).

Ring Interconversion

Tetrahydro-i-H-1,3-diazepine-2-thiol  (33) when heated
with ethylch.oroacetate gives (34). While the reaction of (33) with
chloroacetic acid in aqueous medium affords 3-( J-aminobutyl)-
thiazolidine-2,4-dione (35) via initial generation of (34) followed

by hydrolysis'OB(Chart 5-A).

5-Aryl-3-N-phenyl-imino 1-2-dithiol (35A) condenses with

ketenes to give (}_@10&. Substituted ketenes with (35A) give corres-
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ponding 5-substituted (36) (Chart 5-B).
Reactions of 4-thiazolidinones

All the five positions of 4-thiazolidnones show some substitution
reactions which are summarised as below:
Substitution at Position |

3-Subst_tuted-4-thiazolidinones (37, on oxidation with per-
manganate in acetic acid give the corresponding sulphone (2)65’71"‘37’99’105_109
via the sulphoxide intermediate (38) (Chart 6-A). With peracetic acid®’
3-substituted-4-thiazolidinones generate e.ther the sulphoxide68’Ho

or with acetic anhydide111 or more severe conditions65 the corresponding

sulphone.

Substitution at Position 2
Iminothiazolidinones (5) easily undergo acid base hydrolysis

under mild conditions to give the correspondinz diones (42)39’47’71"81’82’%97’103’107.

The thiazolidine ring is cleavedat the N 3’C4 bond on prolonged
heating with hydrochloric acid in ethanol with formation of an N-substituted

pseudohydantoic acid (Chart 6-B).

When rhodanine (41) is reacted with methyl iodide and equal
molar quantity of triethylamine in chloroform, the corresponding dione

(42) is isolated in nigh yieldsuz’j{13 (Chart 6-C)..

Substitution at Position 3
2,4-Thiazolidinone (42) is readily aTkylated at 3-position

when treated with alkyl chloride for 5 minuzes at 142 to 145°C in DMF
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with potassium carbonate (Chart 6-D) . Chizhevskaya et al.” have,
© reported Mannich reaction at nitrogen at position 3 of 2-(arylimino)-4-thia-
zolidinones with formaldehyde and secondary amines. Treatment of
potassium salt of 42(43) with primary alkyl halide give N-alkylated

prOductnj. By this PrOCedureSB’us’nS

a wide range of functionalised
side chains have been attached to the 3-position. Similarly different
substitution reactions at position 3 have been summarised in Chart

6-D by using different reagents to get the compounds (45),(46),(47).

Substitution at Position &4 -

Treatment of (48) with phosphorous pentasulphide in dioxane

affords isorhodanine (49) (Chart 7-A) which is an isomer of rhodanine' 2122

This isorhodanine . being highly reactive, it reacts with hydroxylaminel

119-123 120-123

amines to give different compounds.

and substituted hydrazines

Substitution at Position 5
Condensation reactions

4-Thiazolidinones are condensed with aromatic aldehydes
usually by refluxing in glacial acetic acid with fused sodium acetate
for lengths of time dependent upon ring substituents' >*. Thus (50) with
benzaldehyde vyields 73% (51) (Chart 7-B) after2 hrs of reﬂuxinguj.

This general procedure has been used to condense 2-iminothiazolidinones

40—45,74,77,125, diones (53)53,57,117,118,126,127 128,129

119,122

(52) , 4-imino-2-ones (54)

130

2-ones-4-thiones (49) and substituted (53) " with aromatic aldehydes.

Halogenation
When3-phenyl-2-4-thiazolidinone(55) is brominated in acetic
acid gives 5-bromo derivative (56) which upon further bromination forms

the 5-5 dibromoderivative (21)131 (Chart 7-C).
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Coupling Reactions
The thiazolidinone (58) on coupling with benzene diazonium
chloride at 0-5°C affords (59) which on further reduction with sodium

hydrosulphite gives (69)133 (Chart 8-A).

Heteroarylation
The heteroarylation of thiazolidinones has been accomplished
with N-acyl pyridinium-quinolinium, -isoquinolinium and acridinium
132

salts ”“.  Alkaline hydrolysis of (6l) serves as convenient soyrce of

heterocyclic thioglycolic acid (Chart 8-B).

Ring Opening Reactions
Under crastic acidic hydrolysisBu or treatment with hydroxide

135

or alkoxide 4-thiazolidinones are cleaved at N

I,»Cu bond. The reaction

of (53) with hydrazine at below 0°C affords an adduct (62) (Chart 8-C).

Ring Formation Reactions
Cyclization between the 2,3-position

2-Phenylhydrazono-4-thiazolidinone (63) and their 5-substi-
tuted derivatives are cyclized upon treatment with formaldehyde or

136

aromatic aldehydes to give the bicyclic structure (64) (Chart 9-A).

Cyclization between 3,4-positions
Cyclization of 4-phenylhydrazono derivative of 2-thiazolidinone
(65) with formaldehyde or aromatic aldehydes gives 2-phenyl-2,3-di-

hydrothiazolo[t,3-C]I,2,4-triazol-5-ones (66)">’ (Chart 9-B).

Cyclization between 4,5-positions

4-Imino-2-thiazolidinone (67) on treatment with formylhydrazine
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gives pyrazolo derivative of 2-thiazolidinone (§§)138 (Chart 9-C).

Metal Complexes cf #-thiazolidinones

Co-ordination complexes of rhodanine (2-thiano-4-thiazolidinone)
and its 3-substituted derivatives as ligand have been studied with
copper (I), silver (I), gold (I), palladium (II) and platinum (II). On the
basis of the spectral data it is believed that the coordination in these

complexes takes placethrough the thiocarbonyl group of the ligand.

Gold forms a l:I complex with 2-thiano 3,5-dimethyl-4-thia-
zolidinone.  Analytical and spectral data indicated that the structure
of gold complex with 2-thiano-5,5-dimethyl-4-thiazolidinone is proposed

as (69)(Chart 9-D).

Miscellaneous applications of#-thiazolidinones
A colotrimetric procedure using substituted-4-thiazolidones

is available for the quantitative determination of extremely small quanti-

ties of gold139. The same reagent and general procedure is useful

for the quantitative determination of silver and can detect 0.05 - 0.l
140

ppm in 10 ml sampl=

Several 3-substituted-5-arylidene-2-phenylimino-4-thiazolidinones

protect light sensitive photographic film from harmiful effects of ultraviolet

radiationl“’mz. The formation of a polymeric acetal by the addition

of 3-(2-2-diethoxyethyl)-2-phenyl-5-(O-sulphobenzylidene)-4-2-thiazoli-
dinone to polyvinyl alcohol gives a compound which absorbs ultraviolet

radiationlw.
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The indigo like oxidation product of rhodanine and the 5-arylidene

(or _5_—arylimino}}_—phenyl—}_—-phenyhmino-_g-thiazolidinones are reported to

give fast colours on woolmg. Rhodanine has been considered as a possible

source ofmercaproacetic acid in cold-wave preparation

Polymeric substances containing a &4-thiazolidinone unit include

a thermosetting polymer formed by the condensation of rhodanine and

6

formaldehydem . The latter may be condensed with phenol formaldehyde

giving products which vary from thermoplastic solids to viscous fluid at

high temperaturelw and with anhydride of dibasic acidswg.
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PRESENT WORK

AIM,OBJECTIVE AND SCOPE

4-Thiazolidinone derivatives exhibit a variety of pharmaco-
logical activities. ~ The presence of N-C-S linkages in the 4-thia-
zolidinones heve been postulated as the moiety for different biological
activities like antibacterial, antifungal, antitubercular activities.
Attempts also have been made earlier to enhance the biological
activity by Introducing different substituents at 2,3,5 positions of
4-thiazolidinone ring. These 4-thiazolidinones have drawn the attention
of researchers in the last fhree decades due to wide spectrum of

biological activities associated with them.

These observations prompted us to synthesize the different
thiazolidinones.  The literature survey of 4-thiazolidinones indicated
that there are four different methods to prepare them which are
summarised:

a) In one method, aldehyde, hydrazine hydrate and thioglycolic
acid are taken together and refluxed in benzene for 6 hrs to get
corresponding substituted _Lf:thiazoﬁdinones“'l9

b) The second method, Schiff bases are prepared first and
then condensed with thioglycolic acid in presence of catalyst (anhydrous
zinc chloride) at 160 to 180° for about 2 hrs>C.

c) The third method, a mixture of Schiff base and thioglycolic
acid is refluxed in benzene for 4 hrs and the product is isolatedljl.
d) The last method, a mixture of Schiff base and thioglycolic

acid in dry benzene was refluxed for 8 hrs using Dean and Stark

apparatus to remove water azeotropically.
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In order to synthesize thiazolidinones we start with Schiff
bases,a compound formed by a condensation reaction between an
aldehyde or ketone with an amine is known as Schiff base. This name
is given after Hugo Schiff. The inventor of the reaction mechanism
can be visualized in two steps. The first is addition of amine to
the double bond of the carbonyl and the second is the elimination

of water to form a new double bond.

This reaction is an important reaction because the Schiff
bases can bz used to prepare thiazolidinones, lg-lactams, heterocyclic
compounds, dyes, metal complexes etc. This can be illustrated by

few examples.

Applications of Schiff bases

IR K-Amino acid (70) can be prepared from Schiff bases153
(Chart 10A). An efficient asymmetric synthesis of D-«-amino acid
derivatives (73) has been achieved by alkylation of Schiff base (71)
(Chart 10B). The compounds (73), (74), (75) were formed from Schiff

base (_7__3)154.

2. Some of the Schiff bases (76) (Chart 10C) have been studied

for the biological activi'ty155 such as antifungal.

3. Substituted aziridines (_7_?:)156 are prepared by using substituted
Schiff bases (Chart LA). Cyclization of (o-nitro-benzylidene)-o-
phenylenediamine with KCN/MeOH gave heterocyclic compound157

(78) (Chart LB). Some of the Schiff bases derived from the reaction
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CHART —10 123

CH H:C Br
l * ) BrCN 3| | EtsN
CN
CHy CHy CHy
H'/H,0 + - Dowex-50 |
R—?—N=£H~c§g-——~q> R—CNHael —— R*ﬁE—NHz
CN COOH COOH
(70)

LDA
e

CH, COOBu

H
HoN——C—=COOBU -~
S \\F+coosu
R R
(73)

ra——
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of cyclohexanone hydrazones with mercaptoacetic acid gave spiro

compound 4-thiazolidinones (79)"°% (Chart 11C).

4, Syntheses of biologically active p-lactams containing heterocyclic
moiety (80) have been achieved. (Chart D)%, Kamdur et al. have
prepared new P -lactams (81) from Schiff bases containing two azo-

methine -N=CH- groups'® (Chart 1D).

5. Schiff bases derived from different aromatic nucleus are

also used to prepare substituted thiazolidinones (82) (Chart 128,

6. Optically active amino acids (83) are prepared by using

optically active Schiff bases (Chart 128)162.

7. Electrochemistry performs a broad array of chemical trans-
formations. One of them is carboxylation of Schiff bases to give

«{-amino acids (84) (Chart 12¢)13,

8. A series of Schiff bases are prepared by condensing 5-formyl-
3-cyano-6-hydroxy-4-methyl-pyrid-2-ones with aryl amines such as
aniline, o-chloroaniline, m-toluidine, m-aminophenol, p-aminophenol,
m-chloroaniline, and 2-aminoanthraquinone in presence of glacial
acetic acid containing acetic anhydride are used as dyes. By using
above aminss, crystalline solids (85) having reddish to greenish yellow

colour were obtained (Chart lZD)ma.

9. The Schiff bases are also used in the formation of metal

165

complexes. Patil et al. reported the synthesis of number of

ferrocenyl hydrazones (Chart 13). The study of keto enol tautomerism

of such type of hydrazones have been reported (Chart 13).
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CHART-11

H
RICH=N-R2 + CHX,COOR3 ———> R‘—CH—-C/

Ny Ncoor?

RZ + RYX

(77)

——

KCN
—_— |
[:::[: :I:::] MeOH [:::[: ZN
N N

NO, HyN

HSCH,COOH 5
X N—NHR > X 0
N CeHg N

(CHZ)n Reflux, 2hrs (CHZ)n T

(a) R=aryl, heteroaryl, Me
(b) X=CH,, NMe
(¢c) n=1,2



CHART-11 (contd.)

Ar— CH_-:N-@—SOZ-—NH—Het + ClCHpCOCL

EtsN
Y
Ar——TH-—-—-N-—@—SOZNH—Het.
H—}C—L
Cl 0
(80)

| R R
RHC=N—®——SOZ—©~N=CH-—R

Dioxan, CLCH,COCL
5—hrs, 30 °C

(a) R=H
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CHART —-12
A
OH Th OH  pp
I
CH=N-—CH-—R CH-N——CHR
Benzene > S
O HS CH,COOH O
(82)
B:
H H H H H H
! | * HCN I | | I Hg,Oeﬂ ! P
R—-C=N—-—C~—-—C6H5 e R—-C—N-~-~C—-C6H5 e e R—C—NH2
¥* P(-
CHz CN  CHa COOH
(83)
C: o R,
1\ 2e™ !
C=NRz + CO, e R5—C—NHR4
/ 2H l
Rz COOH
(84)
b: B Ry Rz Ry
CH3 (0) H H
NC C
3 N R (b) OH
o — (¢c) H  OH H
0~ "N~ 07
R4 R, (d) H ol H
(85) (e) Ct H H
(f) H CHy H




Fe

&

(86)

R
o).
| Fe
©
(B7) keto

(a)
(b)
(c)
(d)
(e)
(f)
(g)

CHART -13

@-—-CH:.-.N—-NH—-ﬁ——-Ar

0

0
Fe

...

©

enol
R Ar
H C6H5
H P-C6H4Pl
H O—C6H4N02
H C5H4N
CH3 C6H5
CH3 C5H4N

CH3 O"CGH4OH
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PRESENT WORK (DISCUSSION)

We have prepared Schiff bases from differently substituted
benzoic acic hydrazides and substituted aromatic aldehydes. Benzoic
acid derivatives (88) were converted to their esters (89) which on
treatment with hydrazine hydrate yielded corresponding hydrazides
(90). These hydrazides (90) were then reacted with benzaldehyde
derivatives >y refluxing in ethanol to give differently substituted
Schiffbases (91) (Chart 14). These Schiff bases are characterised by
IR, NMR and analytical data. Their analytical data and melting points

are summarized in Table I.

The IR spectra of all the Schiff bases (91) have shown the
presence of amidic (CO- NH) and azomethine (C=N) groups. The
values of these groups in the individual compounds have been shown
in Table 2. The amide keto in the benzoic acid hydrazide appears
at 1670 cm°l; while Schiff base obtained by treating benzaldehyde
with benzoic acid the carbonyl hydrazide showed stretching at
1650 cm™ i.e. shift of about 20 cm ... Similar shift has been observed

in all the cases. _

The appearance of absorption band at 1620 cm'l in the Schiff
bases formed, clearly indicated that C=N bond has been formed.
Similarly disappearance of NH2 band at 3300 cm-l in the Schiff

bases also indirectly indicated the formation of azomethine bond.

The formation of Schieff bases is shown in the NMR data.
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CHART-14
ﬁ 0
CH50H NH,NH3H,0
—_— >
H,S0,
R R R
(88) (89) (90)
ﬁ |
C—NH—N=CH—€;:2——R3 -
K ody
R Ry Rz R3 R,
Rz
(91)
R=H R=NO, R=Cl
Ry Ry . Rs Ry R, Ry R, R,  Rs
(@) H H o () H H H (k) H H H
(b) H H OCHz |(g0 H H OCHz | (1) H H  OCHs
(c) H H N(CHz);|(h) H  H N(CHz), | (m) OCHs H H
(d) H OCHz OH (i) H OCHz OH (n) OH H H
(e) OCHs H  H (j)OCHy H H
R=0H R=0CHz
Ry Rz Rs Ry Rz Rz
(o) H H H (t) H H H
(p) OH H H (u) OH H H
() OCHz H H (v) OCHz H H
(r) H H OCH; (W) H H OCHs3
(s) NO, H H (x) NO H H
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IR DATA OF SCHIFF BASES (91) IN NUJOL

TABLE 2

C!-—-NH—-N=CH
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R3
R Ry Ry
1)

Corr&?:.und R R 1 R2 R 3 c(r:nj_(l) 12;(_31 l\g{n- I
la) H H H H 1052 1670 3275
(9tb) H H H OCH, 1650 1620 3200
(lc) H H H N(CH,), 1652 1620 3250
(91d) H H OCH OH 1655 1620 3200
(Ole) H OCH, H H 1653 1620 3280
(911) NO, H H H 1660 1620 3270
Olg) NO, H H OCH, 1680 1620 3170
(81h) NO, H H N(CH,),  léu45 1600 3200
(81i) NO, H OCH OH 1650 1620 3170
(913) NO, OCH; H H 1650 1625 3280
(3in) Cl OH H H 1640 1620 3170
(9lo) OH H H H 1640 1620 3250
(9lp) OH OH H H 1640 1620 3250
(Slg) OH OCH, H H 1640 1620 3200
(%ls) OH NO, H H 1640 1620 3200
olt) OCH; H H H 1640 1620 3240
(Olu) OCH, OH H H 1640 1620 3250
(9lv) OCH, OCH, H H 1640 1620 3250




The NMRs of all the Schiff bases (91) show a sharp singlet in the
range of &4 to 8.5¢ . This singlet is of the proton on the carbon
atom attached to the nitrogen atom. Again the disappearance of
NH, signal in the Schiff base (91 at 4.5 & which is present in the

hydrazides (90) also shows that -NH, in hydrazides has been completely

2
transformed to azomethine (C=N). The NH in hydrazide appears
at about 9.5 §. But when the hydrazide is converted to corresponding
Schiff base, the same -NH appears at 11.8 to 11.9d. All these spectral
data and the analytical data confirm that the Schiff bases have been

formed. The representative NMR spectrum of Schiff base (9la) is

shown in Figure 1.

In order to compare the Schiff bases of hydrazides with those
of Schiff bases of amines, we have prepared the Schiff bases (93)
of benzaldehyde and propaﬁaldehyde with benzyl amine (92) (Chart
15A) and a Schiff base (99) of benzaldehyde with N-amino quinazolinone
(98). The Schiff bases of benzaldehyde and amines showed the presence
of C=N at 1640 cm-l. This is in the little higher frequency region
(about 20 cm'l) as compared to the Schiff bases of hydrazides. The
Schiff base of N-amino quinazolinone showed the presence of C=

1 !

at 1630 cm™ and CO at 1670 cm™.

The NMR of the Schiff base (93a) shows methyl and methylene

140

protons at 14 (t) and 2.33{(q) benzylic proton at &.5d. CH=N at 7.7¢

and aromatic protons 7.5d (Table 3). The NMR of the Schiff base
(93b) Figure 2, shows the presence of benzylic proton at 4.8 d (singlet)

while Pk -CH at 8.34d (singlet) and aromatic protons in the range

of 7.23 to 7.8 (.
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CHART —-15 142

Benzene (92)
R_CHzm_CHZ_Q
(a) R=CH5—CH
3 2 (_g_é)
(b) R=CgHg
0] 0
I I
C—OH C—OCH4
CH3OH
=, i X
NO3 zmr4 NO2
(94) (95)
0 0
|CI NHNH g NHNH
NH,NH, 2 HpS, CoHy=OH 2
Ethanol CHA
NO, NH,
(96) (97)
0 0

C c
CHIOC,Hg)y @: ‘J—NHZ ¢ H-cro @[ ;N-N=CH_©
=

N

(98) (99)



143

TABLE 3
NMR DATA OF SCHIFF BASES AND SUBSTITUTED 4-THIAZOLIDINONES (93) AND

- (1) IN CDCl4

(93) (101)
a) R=CHz CH,o— a) R=CHz—CH,~
b) R=-Ph b) R= —Ph
Compound R Benzylic Aromatic Methine _Q__PLB CH, SCH,
No. CH2 protons CH ,
&) (&) d J $ d
(93a) CH,CH, &5 7.5 7.7 1) 2.33 -
(q)
(93b) C.H 4.8 7.3 - 8.3 - - -
63 7.8
(10la)  CH,CH,  H,3.33 6.96 - 5.33 - - 3.8
7.44
H_5.13
aA
(101b) C¢Hs Hy 4 7 4.5(t) Org(t) L77 3.7

(q)
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Schiff base (99) was obtained from o-nitrobenzoic acid
(94) which was converted to its corresponding ester (95) by treatment
with methanol and sulphuric acid. The ester (95) was then on treatment
with hydrazine hydrate afforded corresponding hydrazide (96) which
in turn on treatment with hydrogen sulphide in methanol using cyclohexyl
amine as a catalyst gave hydrazide (97). N-amino-quinazoline (98)
was then obtained by reacting hydrazide (97) with ethyl ortho formate.

N-aminoquinazoline (98) on condensation with benzaldehyde afforded

corresponding. Schiff base (99).

Our &im was to study the antitubercular activity of the
h4-thiazolidinones and study the structure function activity relationship
Aand hence we converted about 16 Schiff bases to the corresponding
4-thiazolidinones (1C1) (Chart 16) by refluxing a mixture of Schiff
bases (91) and thioglycolic acid either in benzene or in toluene for
& hrs using Dean-Stark apparatus to remove water formed during
the reaction azeotropically. Use of water separator (Dean-Stark)
is advantageous to follow the rate of reaction by “the volume of

water collected.

The reaction is believed to take place by the intermediate
formation of an aldimine or - . .. The reaction proceeds by
the attack of mercaptoacetic acid upon the C=N group with the
-S—CHZCOOH adding to the carbon atom, followed by the capture
of a proton by nitrogen and subsequent cyclization. The effects
of electrophilic and nucleophilic substituents on the positive character
of the carbon atom or the -ve character

/ of the nitrogen atom of the azomethine linkage and therefore on

the susceptibility of the carbon to nucleophilic attack by the anion



CHART-16

I Q
C—NH—N=CH R
A: 3
Ry Ry
(§11) | Toluene
HS —-CH,—COOH
o pente
(100)
R=H R=NO> R=Cl
Ry Ro R R4 Ro Rx R4
(a) H H H (f) H H H (k) H
(b) H H OCHz |(g) H H OCHs [(U) H
(¢c) H H N(CHa)p[th) H  H N(CHz),|(m) OCHx
(d) H OCHy OH |(i) H OCHz OH |[(n) OH
(e) OCHzy H H {(j) OCHzy H H
B:

R—CH=N—-CH2—®

(93)

Benzene
HS-CH,-COOH

(a) R=Ph
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(b) R=CHxzCH,



of mercaptoacetic acid are evident in the yield of the #4-thiazolidi-
167,168
nones .

The analytical data, m.ps and yield of the thiazolidinones

prepared are summarised in Table 4.

The IR of all the &4-thiazolidinones (Table 5) have shown
the absence of absorption band at 1620 cm"1 corresponding to C=N.
This clearly hes shown that addition of thioglycolic acid has taken
place. Similarly there are two absorption bands in the range of
1640-50 cm™ and 1690-1710 cm™. After comparing the IR with corres-
ponding Schiff bases one can assign the absorption band in the range
of 1640-1650 cm'l to the amide -NH and the peak in the range 1690
- l7l(3<:m-l to the carbonyl group of 4-thiazolidinone ring. All the
4-thiazolidinones have shown the presence of -NH also. The #4-thia-
zolidinones (101) (Chart 16B) obtained from Schiff bases (93) showed

the presence of keto in &4-thiazolidinone ring at 1670 cm'l. This

absorption band is at lower frequency region (about 30 cm-i) as com-

pared with the &4-thiazolidinones (100).  All the 4-thiazolidinones.

have shown their characteristic peaks of S-CHZ, S-CH and -NH in

the NMR spectrum (Table 6). S-CH, has appeared at 36-33 . But this,

is not a sharp singlet. This may be due to the non-equivalence of
two protons of CH2 in the &4-thiazolidinone ring and they are coupling
each other. S-CH has appeared in _the range of 5.7 to 5.9 only in
the case of (190k) and (1001) (where there is éhlorine in the ortho-~

position in the benzoic acid moiety) this S{H has appeared at 6.l
and 6.2.

All the NH have appeared in the range of 10.7 to 1Q.9
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TABLE 5
IR DATA OF SUBSTITUTED 4-THIAZOLIDINONES (100)

0 H
L' H_N_c' 2
P
Ry Ry
(100)

Compound R Rl R2 R3 C=0 C=0 NH
No. cm] em? cm!
(100a) H H H H 1650 1710 3250
(100b) H H H OCH; 1640 1710 3200
(100¢c) H H H N(CH,), 1640 1710 3200
(1o0d) H H OCH, OH 1650 1680 3100
(100e) H OCH; H H 1650 - 1710 3250
(1oof) NO, H H H 1630 1690 3240
(100g) NO, H H OCH, 1650 1720 3370
(100h) NO, H H - N(CH), 1650 1700 3140
(1o0i) - NO, H OCH, OH 1650 1700 3100
(100j) NO, OCH, H H 1660 1690 3170
(100k) Cl H H H 1640 1710 3200
(looy) Cl H H OCH, 1645 1720 3250
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TABLE 6
NMR DATA OF SUBSTITUTED 4-THIAZOLIDINONES (100) IN DMSO(D,)

i |
“ | C—NH—N ? 7N R
N S —
Ry R2
(100)

Com- R R R R SCH S-CH OCH Aroma- NH

1 2 3 2 3 .

pound tic pro-
No. tons

(8) (&) (§) (4) (d)
(100a) H H H H 3.84 5.76 - 7.2 - 10.65

_ 7.8
(loob) H H H OCH, 3.8 5.9 3.7 6.8-7.86 10.56
(lood) H H OCH, OH 3.6 5.7 3.7 6.6-7.7 10.5
(100e) H OCH3 H H 3.63 5.68 3.76 6.7-7.8 10.3
(100f) NO, H H H 3.9 5.9 - 7.3-8.18  10.98
(loog) NO, H H OCH;  3.85 5.76 3,75 6.75-8.12 10.9
(100j) NO, OCH; H H 3.5 5.7 . 3.72 6€.7-7.75 10.5
(look) Ci H H H 3.8 6.2 - 6.9-7.56 10.8
(Ioo1) ClI H H OCH 3.7 6.1 3.73 6.78-7.6 10.9
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The representative NMRs of 4-thiazolidinones are shown in Figures
3,4 and 5 respectively. The &4-thiazolidinones (10!) showed little
abnormal NMR spectra. S—CH2 showed its appearance at 3.7 and
3.8 respectively (Table 3).

Here also S—CH2 is not sharp singlet because of non-equivalence
of 2 protons in methylene in the thiazolidinone ring. All other peaks
are in the appropriate form in the appropriate positions, but in case

of benzylic -CH. it is not showing singlet. In case of compound

2
(10la) (Figure 6) NVRhas shown two sets of doublets at 3.33 and 5.13
The J-value for these two sets is 14 cps. This indicates that two
benzylic protons are non-equivalent and they are coupling with each
other.  This non-equivalence arises due to the asymmetric carbon
present in tke system. The large shift observed for these protons
can be explained on the basis of magnetic anisctropy of C=O group
present at 'P"position. A careful observation indicates that the
inner lines in each doublet are more intense than the outer-ones.
This clearly shows that these two doublets have their origin in two

protons which are n’i:utually coupled. The geminal coupling observed

(J = 14 cps) confirm this finding.

Similar case has been also observed in case of (10lb) (Figure
7).  There also benzylic protons show two sets of doublets at 4.0

and 5.13 . All other peaks are at appropriate positions.
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FIGURE— 3
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BIOLOGICAL RESULTS AND DISCUSSION
Method of in vitro antituberculosis screening
In vitro antitubercular testing was carried out against human

virulent strain of Mycobacterium tuberculosis (H37Rv) by the method

of Doubt and Youmans. To sterile Youman's basal medium (3.9 to
4.35 ml as required to give a final volume of 5.0 ml) dispencded
in borosilicaze test-tubes (150 x 20 mm), was added 0.5 ml of sterile

normal horse serum inactivated by heating at 56°C for 30 minutes.

The compounds under test were dissolved in suitable solvents
such as dilute HCl, EtOH, etc. and added in the form of solution
in such a way as to give final concentrations of 200, 100, 50, 25,

12.5 etc.

1

The inoculum consisted of 0.1 ml of standardized suspension

of M.tuberculosis (H37Rv) containing 10® viable bacilli/ml. The tubes

were incubazed at 37°C for 2! days and then ‘examined for the
presence or absence of the growth of the test organism. The lowest
concentration which showed no visible growth was taken as the end
point.
Discussion on Anti-tubercular Activity of Substituted 4-Thiazolidinones
Ten compounds were synthesised and screened for their
in _vitro antituberculosis activity against M.tuberculosis (H37Rv
strain).
Schiff base (99) of benzaldehyde and N-aminoquinazolone
(98) has shown antitubercular activity at 200 g/ml, below this

concentration it does not show any activity (Table 7).
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Out of nine remaining substituted 4-thiazolidinones (100a),
(100b), (100k) and (100p) have shown no activity at 200 Mg/ml. (100r )
has shown antitubercular activity at 200 4g/ml but it does not show

any activity below 200 Yg/ml. Compounds (100f), (100i), (1000) have

shown anti-T.B. activity against M. Tuberculosis at 1004g/ml, below

this concentration they did not show any activity. Only compound
(100c) whick has methoxy group on the ortho position of aldehyde

moiety has shown anti-T.B. activity at 50 4g/ml.

By comparing (l00a), (100b) and (100c) one can say that
when there is no substituent in either benzamide moiety or in the
benzaldehyde moiety it shows no activity upto 200 g/ml. But
the insertion of methoxy group in the ortho position in the benzalde-

hyde group has shown better acﬂvity.

Observations of (100b), (1001) and (100p) showed that~“when
methoxy group is in the para position in the benzaldehyde moiety
activity is less. Table 7 has represented the anti-tubercular activity

of Schiff base (99) and substituted i—thiazolidihones_ (100).
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TABLE 7 - ANTITUBERCUL AR ACTIVITY OF SCHIFF BASE (99) AND SUBSTITUTED
4-THIAZOLIDINONES (100)

“N
(99)
I |
C-—-—NH—N-——C} R
R S
0 R Rz
(100)
Compound R R R R Anti-T.B. Solvent Remarks
I 2 3 L Lot
No. activity in
/g/ml
(99) - - - - - 200 DMF Below 200 4g/ml.
No activity
(100a) H H H H - DMF Inactive at 200 A4
g/ml
(100b) H H H OCH, - DMF Inactive at 200 A
g/ml
(100e) H OCH3 H H 50 DMF Below this con-
centration, no
activity
(100£) NO2 H H H ' 100 DMF Below this concen-
' tration, no
activity
(100i) N02 H OCH3 OH 100 D.MF Below this concen-
tration, no
actovoty.
(100k) cl H H H E DMF Inactive at 200 4-
g/ml
(1o001) Ci H H OCH3 200 DMF Below 2004 g/mi,
no activity.
(1000) OH H H H 100 DMF Below this con-
. centration, no
activity.
(100p) OH H H OCH, - DMF Inactive at 2004/

ml
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EXPERIMENTAL

General procedures for the syntheses of esters, hydrazides,
" s chiff bases and 4-thiazolidinones are given below. The data of individual

compound is summarised in Tables | to 6.

Syntheses of Substituted benzoic acid esters (89,95}

Ortho—substitv;xted benzoic acid (88) (0.02 mole) was dissolved
in methanol (125 ml) and sulphuric acid (25 ml) was added dropwise
through the dropping funnel at room temperature in half an hour.
The reaction mixture was refluxed on water bath for six hrs. The
solvent, methanol, was distilled off and poured in water (200 ml).
The reaction mixture was then neutralized by sodium carbonate solution
(10%). The separated product was then extracted with ethyl acetate
three times. The combined ethyl acetate solution was dried over
sodium sulphate and solvent was distilled off. Obtained product was

purified by distillation under vacuum.

Syntheses of hydrazides (90,96)

A mixture of §_~substituted methylbenzoate (89) (0.02 mole)
and hydrazine hydrate (80) (3 ml per g. of the ester) was refluxed
in methanol (200 ml) for 2-3 hrs. Solvent was concentrated and cooled.

Crude solid obtained was filtered, dried and crystallized from methanol.

Syntheses of substituted Schiff bases (91)

A mixture of o-substituted benzoic acid hydrazide (0.02 mole)
and substituted benzaldehyde (0.02 mole) was refluxed together in
ethanol for 5-6 hrs. Ethanol was distilled off and residual solid was

crystallized from ethanol. Yields, m.ps and analytical data are given
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in Table | and IR data are summarised in Table 2.

Synthesis of Schiff bases (93)

A mixture of aldehyde (0.02 mole) and benzylamine (0.02
mole) was refluxed in benéene (150 mi) for & hrs using Dean-Stark
apparatus for the removal of water formed during the reaction. The
reaction mixture was cooled and dried over sodium sulphate. Benzene
was removed under vacuum. The residual liquid was purified by bulb-tube
distillation under vacuum. The first fraction which distilled out at
80-100°C/15 mm was found to be a mixture of unreacted aldehyde
and amine. Second fraction distilled out in the range of 130-150°/15mm.
This fraction was the requirea s chiff base. The analytical data, b.ps.
and yield of individual compound are given in Table | and NMR data

is summarised in Table 3 and IR data is discussed on page 140.

Reduction of o-nitrobenzoyl hydrazide (96) ‘'with. hydrogen- :sulphide

Ortho-nitrobenzoyl hydrazide (96) (1.81 g, 0.0] mole) was diséolved
in ethyl alcohol and cyclohexylamine (0.98 g slight excess than 0.0l
mole) was added as a catalyst. Hydrogen sﬁlphide was bubbled through
the reaction mixture for 8-10 hrs at #40-50°. The completion of the
reaction was followed by polarographic method for the absence of
o-nitrobenzoyl hydrazide in the reaction mixture. The reaction mixture
was cooled and the side product sulphur (2.0 g) formed during the
reaction was filtered. The solvent from- the mother liquor was distilled
off. The semisolid mass obtained was purified by column chromatography
on silica gel using benzené:methanol (80:20) as an eluent. Crude anthra-

nilic acid hydrazide obtained by column chromatography was crystallized



from benzene-methanol mixture (80:20) to yield brownish white crystals

(0.75 g, 41.4%) m.p. 120-21°,

Synthesis of 3-amino-4(3H)quinazolone (93)
3- Amino-4(3H)quinazolone (98) was prepared by the conden-
sation of anthranilic acid hydrazide with ethyl orthoformate by following

the procedure described in the literature. m.p.203-204° (reported 204%°).

Synthesis of Schiff base (99)

3- Amino-4(3H)quinazolone (98) (1.67 g, 0.0l mole) and benz-
aldehyde (0.94 g, 0.0l mole) were dissolved in ethyl alcohol (150 ml)
and refluxed on water bath for &4 hrs. Ethanol was distilled off. The
residual solid was then crystallized from ethanol to give white crystals.

Analytical data, m.p., yield are represented in Table l.

Synthesis of substituted 4-thiazolidinones (101)

A mixture of Schiff base (93) (0.0l mole) and thioglycolic
acid (0.0l mole) was refluxed in benzene for 8 hrs. using Dean-Stark
apparatus. The reaction mixture was cooled and washed with sodiumbi-
carbonate and water to remove excess of thioglycolic acid. The solution
was distilled cff. The residual compound was then purified by distilla-
tion under vacuum or by crystallization. NMR data is described in
Table 3.

(10la) was crystallized from ethanol. White needle-shaped crystals,

m.p. 136-137°C, vyield 75.4%. (Found:C, 7123 H, 5.4l; N,

5.23; C HleOS requires: C, 71.37; H, 5.57; N, 5.2%).

16
(10lb) b.p.135-150°/10 mm, yield 70%. (Found:C, 63.2l; H, 7.0l; N, 6.53;

C NOS requires: C, 63.15; H, 7.17; N, 6.69%).

12t
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Synthesis of substituted 4-thiazolidinones (100)

A mixture of Schiff base (91) (0.0l mole) and thioglycolic
acid (0.0l mole) was refluxed in toluene for 8 hrs using Dean-Stark
apparatus. The solvent, toluene was distilled completely and the solid
mass was washed with sodium bicarbonate (10% soln.) and water to
remove unreacted thioglycolic acid. The residual solid was then
crystallized from ethylacetate-methanol mixture (20:80) to obtain
white crystalline compound (100). The analytical data is represented

in Table # and IR, NMR data are given in Table 5 and 6 respectively.
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CHAPTER I
ASYMMETRIC SYNTHESIS OF 4-THIAZOLIDIDONES




SECTION-A




INTRODUCTION

Asymmetric Synthesis

The synthesis of complex molecules with asymmetric
centres proposes a great challenge to chemists. It is well known
that only ore isomer either d or | has a specifi(': biological activity
and therefore asymmetric syntheses of such compounds have been
devised.  Thus number of drugs e.g. D(+) Naproxene, L(-)DOPA,
M(-)DOP A have been commercialised. In normal synthetic methods,
essentially, produce racemic mixtures of the drugs.and then with
the help of resolving agents separation of d and l-isomers has been
achieved. However, one has to either discard or recycle the other
isomer separated out in the resolution procedure and therefore
it is economically worthwhile to exclude unwanted optical isomers

at the earliest possible stage through asymmetric creation of chiral

centres.

The= essential feature of the asymmetric synthesis involves
the generation of achiral compounds from the prochiral compound
under the influence of asymmetric agent, so that unusual amounts
of stereoisomeric products result with a definite steric configuration.
The asymmetric agents mentioned can be chemical reagent, solvent,

catalyst or e physical force as circularly polarized light.

Generally number of examples of asymmetric synthesis
involve iminz or enamine substrates. These reactions may be classi-
fied into three generic types (Chart 1). In type I, a prochiral compound
(1) combined with a chiral substance to give a chiral-N-prochiral
imine or eramine (2), subsequent reduction of (2) with an achiral

reagent gives the chiral-N-chiral amine diastereomer (4) which
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on removal of original chiral moiety gives the final chiral product
(7). Many classical examples of asymmetric synthesis are of this
type. Type II, sequences are more flexible, conversion of (l) to

a chiral-N-prochiral imine or enamine (3) is followed by treatment
with- a chiral reagent to produce an achiral-N-chiral amine (5),
which is then converted into final chiral product (7). The auxillary
chiral reagent may be used either catalytically or stoichiometrically.
In type IIl reactions, interacting of (I) with a chiral catalyst generates
a chiral-N-chiral imine or enamine (6) as an intermediate which
reacts further to form (7) and regenerate the catalyst. This is,

in principle, the most efficient use of chiral reagent.

Many books and reviews have been published on asymmetric
synthesisl'9. It is the intent of this introduction to highlight the

recent advances related to asymmetric synthesis of J-amino acids.

Historical Developments

The concept of asymmetric synthesis was proposed in
1894 by Emil Fischer3 stating that chlorophyll acting as an asymmetric
catalyst was responsible for the production of optically active sugars

from CO2 and water in plants.

In the early part of the 20th Century asymmetric induction

was thought of as some mysterious unsymmetrical force acting

on molecules. Around forties first asymmetric Meerwein-Pondorf-Verley

and Grignard reactions were reported to state that asymmetric
induction was rationalized in terms of steric interactions in the

transition state. Prelog examined such interactions among various
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conformations available to reactants and similar work by Cram
and ElhaFaz established steric control as a major factor in asymmetric

induction.

A wide variety of reactions can exhibit asymmetry, but
only a few match the selectivity provided by enzymes. Non-racemic
chiral products have been obtained from Grignard and Meerwein
Pondorf-Verley reactions, hydride reductions, additions to carbonyls
and olefins, cyclization reaction,alpha-alkylation of carbonyls, amino
acid synthesis, Diels-Alder cycloadditions, hetero and homogenous

hydrogenations as well as elimination reactions.

Theoretical Aspects

The most asymmetry is created upon conversion of trigonal
carbons to tetragonal ones at the site of functionality such as carbonyl
enamine, enol, imine and oleﬁn9. This asymmetry at carbon is
the major area of interest, as well as induction by, and creation
of asymmetry at sulphur. Thus the transition state in which the
conversion of a trigonal carbon to tetragonal ohe, is of theoretical

point of interest.

In an asymmetric reaction, substrate and reagent combine
to form diastereometric transition states. One of the two chiral
reactions must have a chiral centre which can be carbon or confi-
grationally stable tetracoordinate silicon arsenic, antimony, sulphur
or. phosphorous, where the electron pair is formally regarded as
forth substituent. In each case the chiral centre induces asymmetry

at the reaction site.
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The diastereomeric transition state so formed solvateslo
or other electrostatic complexes in addition to the bonded compounds.
The difference in free energy between them (44GF#) determines
the excess of one antipode over the other hence it is desirable
to maximise A2 G¥. This is accomplished by introducing steric
hindrance in the considerable diastereomer or enhancing the lower
energy pathway by some favourable interaction. The 'glove hand

fit' analogy of Mislowll

is appropriate here, where the excellence
of fit of reagent and substrate is reflected ultimately in 'transition'
state energy, but is manipulated or predicted by consideration of

the steric/torsional factors.

The methods for the most part, are empirical however,
and must be used with caution as the enthalpy A4H+#) and entropy
(AAS#) terms of theAAd# function can change drastically with small

changes in reaction parameters.

These concepts are practically exemplified in the use
of lithiooxazolines in asymmetric synthesislz. Thus treatment of
the chiral oxazoline (7(A)) with lithium diisopropylamide results
in the selective removal of one of the enantiotopic methylene protons.
Due to hindrance of the B-face of the phenyl substituent and chelation
of R-X to Li on the «-face, the lithio salt (§_) is preferentially
alkylated via bottom side attached to give a 60-67% enantiomeric
excess of (S;=(-methyl carboxylic acid (9) with a new chiral centre

(Chart 2-A).
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In kinetically controlled reactions,the free energies of
the reactants for competing pathways are identical (4G°=0). A
diagram representing an idealized energy profile for such reactions
is shown in Figure | showing differing energies of diastereomeric

pathways leading to products.

Chiral Reagents

In recent years the chemical literature has reflected the
growing popularity of chiral starting materials and reagents for
the construction of optically active moleculesB. The chiral reagents
used in the asymmetric synthesis can generally be classified into
three types:

i) Svnthetic chiral reagents,

ii) Naturally occurring chiral reagents,

iii) Erzymes as chiral reagent.

Synthetic Amines and Alcohols

«-Methyl benzyl amine has been extensively used for the
preparation of azomethinelo comp.ounds (-)2,2'-dihydroxy-l,l'-bi-
naphthyl'* and (+)-4-di-methyl-amino-3-methyl-l,2-diphenyl-2-butanol'”
have been usad as chiral reagents in the reduction of ketones to

alcohols.

Synthetic Organometallic Reagents

The Rh(l) compiexes are the most successful chiral catalysts
Kagan et ai.17 reported hydrogenations of olefins, using dimethoxy
diphosphine fused with dioxolan ring ((+)-DIOP) (l0) to give optical

yield of 63% (Chart 2-B).

l6
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Similarly silicon complex18 nic:kel19 and palladium20 com-
plexes, aluminium complex?‘1 are the other organometallic reagents

used for the asymmetric synthesis.

Naturally Occurring Chiral Reagents
Naturally occurring chiral compounds either alone or
in the form of metal complex together play an important role in
the asymmetric catalysis. Some of the naturally occurring chiral
22,23 ) 24 25,26
?

reagents are <K-amino acids, -ephedrine™ ", sugars

terpene527, (--)men‘chol28 and (+)tartaric acid29.

Enzymes as Chiral Reagents

The most effective catalyst by far are natural enzymes.
A wide variety of asymmetric reactions are existing, but only a
few match the selectivity provided by enzymes. Some of the enzymes
such as horse liver alcohol dehydrogenase (HL ADH?,O I\H\D(P)}-i31
(nicotinamide ademine dinucleotide, NAD) have been used successfully

in the asymmetric synthesis.

Methods for the Preparation of Asymmetric Synthesis
Alkylation of Hydrazone Derivatives

An asymmetric synthesis of (R)-«-phenylalkyl amines32
using N-aminoephidrine, proceeds in extremely high e.e. Condensation
of N-amino ephidrine (12) with various aryl aldehydes gave the chiral
hydrazones (13) in almost quantitative yields. Treatment of hydrazones
with Grignard réagent under N, afforded the hydrazines (14). Two
diastereomeric forms of each compound could be formed owing
to the newly created chiral centre but NMR, TLC and GLC comparisons

established that these products contained only one isomer. Hydro-



genolysis of the hydrazines (14) using Pd/C catalyst under hydrogen
in HCI/EtOH produced the «(-phenyl alkyl amines (15) (Chart 3) and
ephidrine hydrochloride. The compound (15) were then converted
into N-salicylidenes- &phenyl alkyl amines whose optical purity and

configuration were determined by comparison with data reported.

Synthesis of <~ Amino acids

Owing to the immensely important role played by optically
active amino acids asymmetric amino acid synthesis has attracted
special interest.  Thus &4-metalated-4-alkyl-1-{(5)-l-phenyl ethyl])-2-
imidazoline-5-ones (19b) or their tautomers (20) are alkylated with
R-halide and resulting 4-4-disubstituted imidazolinones (@33 hydro-
lysed to the amino acids (22). In the case of alkylating agent R-halide
with large R2 groups. e.g. benzyl halides, the asymmetric induction

at C-4 of (21) has almost decreased with decreasing size of R2

(Chart 4).
Asymmetric Alkylation of Esters with New Reagents

The base induced alkylation% of (3s,65)-(+)-2,5-dimethoxy-
3,6-dimethyl-3,6-dihydropyrazine V(_2_5) proceeds with high asymmetric
induction (80-90% e.e.). 3,6-Dihydroxypyrazine (25) is obtained by
the reaction of cyclo (L-Ala-L-Ala) with trimethyl oxonium tetra-
fluoroborate (Chart 5). This reaction proceed without racemization.
The lithiation of (25) to (26) can -be smoothly performed at -70°C

in THF with butyl lithium or LDA.

In the alkylation (26)->(27), the R configuration is induced
at C-6. The alkylation products (27) are hydrolysable with 0.5 N

HC! even at room temperature. The esters (23) and (28) can be
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separated for instance by distillation.
Asymmetric Catalytic Allylic Alkylationv

An asymmetric catalytic allylic alkylation has been developed which
give chiral substituted succinic acids (30) in high optical yield. Allylic .«:\lkylations35
were carried out homogeneously at 35°C. The solutions consisted of 5% [Pd(s,s-

chiraphos) -allyl]lClO, as catalyst precursors, two equivalents of sodium dimethyl-

4
malonate (29) and one equivalent of the allylacetate substrate (Chart 6-A).
Chemical yields were found to be quantitative and optical yields 84-86%.
Asymmetric Catalytic Epoxidation

The epoxide functional group is one of the most useful intermediates
in organic synthesis. Recently a new metal catalysed asymmetric epoxidation
procedure has been cescribed which is far more Selective than any of epoxidation
described so far. Using this technique some of the key intermediates in the
synthesis of methylmycine and erythromycin have been obtained in more than
95% e.e. Thus, this method is quite comparable to enzymic catalysis.

Thus, olefinic alcohols (3l) have been epoxidized3 ® to epoxy alcohols
(32) using (+) or (-) diethyl tartrate, tert-butyl hydroperoxide in the presence
of titanium tetraisopropoxide (Chart 6-B).
Asymmetric Catalytic Hydrogenation

Homogeneous hydrogenation of -acetamido cinnamic acids (33) with
hydrogen and soluble chiral rhodium complexes furnished 90% e.e. of N-acetyl
phenyl alanine>’ (34 (Chart 7-A). Using Rh complex chiral reagent, the commer-
cial synthesis of L-DOPA (36) in 84% optical purity has been achieved>® (Chart
7-B).
Optical Purity

The extent of asymmetric synthesis is easily determined in the case
ofdiastereomeric prcducts which are in most cases easily separated and the
ratio determined. Polarimetry is the most commonly used method to determine

the enantiomeric ratios”.
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Optical purity is determined by dividing the observed rotation
of the product mixture by that of the pure enantiomer determined
under identical conditions of temperature, concentration and wave-
length. Assuming a linear plot of rotation versus composition;

% optical purity = () OBS

X 100
(«() MAX

Percent optical purity is identical to the percent enantiomeric

excess, and direct measure of asymmetric induction.

Spectral Methods for Determination of Optical Purity (lH—NMR
method)

In the diastereomeric mixture resulted during the asymmetric
synthesis, each isomer is capable of giving individual peaks in the
lH--NMR spectrum. The chemical shift and the integration for
a particular group are two conventional parameters for the determina-

tion of optical purityqo. The ratio of the integration of the particular

group in the diasteriomer will give the percent enantiomeric excess.

The percent optical purity of (R) and (S) almine has been
determined from the 1H-NMR spectrum of the intermediate diasterio-
mer prepared from optically active amine and acetonitrile, which
was further alkylated“’az. Two sets of doublet signals were referred
to (S-R) and (S-S) isomeric methyl protons of the reaction inter-
mediates. The lower doublet with larger area was assigned to the
methy! protons of (R) isomer, from which (R)-alanine was obtained

by hydrolysis and hydrogenolysis. The optical yield was determined

by the ratio of the doublet signals of diastereomers. The optical
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yield was determined by the lH-NMR spectra agreed with those

determined by specific rotation method%.

Aim and Scope of Work

Several antibiotic compounds such as penicillin and its
derivatives have a thiazoline nucleus with adjacent B-lactam ring
with chiral carbon atoms. A literature survey of some of the
thiazoline and thiazolidine with chiral carbon atoms have shown
that such compounds could be synthesised using methods involving
asymmetric reagent and their structure-function studies have been
reported e.g. Harnden M.R. et al.tm have described the total synthesis
of a series of thiazolinone and thiazolidinone analogues of the anti-
bacterial oxazolinone antibiotic indolmycine. Here 2-amino thia-
zolinones (40a) to (40f) and 2-iminothiazolidinone (4l) were prepared
by nucleophilic displacement of 2-mesyloxy or chloro groups from
methyl 3-(indol-3-yl)butyrate (39) with N-substituted thioureas
(Chart 8-A). Butyrate (39) was derived from (+)X-methyl indomycenate
(37) which has (2R,3S) - (2S,3R) stereochemistry. Some of these

compounds have shown antiviral activity.

A convenient one step synthesis of 2-phenyl-2-thiazoline-
5-ones (4%) has been reportedqs. This compound is obtained by the
treatment of carboxymethyl dithiobenzoate (42) with glycine ethyl

ester (43) in weakly basic ethanol at room temperature (Chart 8-B).

By following this route and using optically active amino
acids one can prepare optically active thiazolidinones. These examples

of optically active thiazolidinones and thiazolinones prompted us
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to prepare optically active thiazolidinones and to test for biological

activity.



SECTION-B




PRESENT WORK (DISCUSSION)

- In thiazoline ring there are three carbon centres where
asymmetry can be created and therefore 23 = 8 different sterio-
isomers can be formed of the same thiazoline. We have followed
the simple route where SH.-CHZCOOH addition to the Schiff base
gives the 4-thiazolidinone. As we selected thioglycolic acid for
the addition only one asymhetric centre will be at the 2 position
of the &4-thiazolidinone ring and hence only 21 = 2 isomers will be

formed.

To get optically active thiazolidinones by asymmetric
method, attempts are made to synthesize them by inducing the
optical activity during the addition of thioglycolic acid to the optically
inactive Schiff base in the presence of optically active catalyst
such as quinine which acts as the optical activity inducing catalyst.
By following this method number of optically active thiazolidinones

were prepared (Chart 9A,B).

Here, a mixture of optically inactive Schiff base " (45a-k)
and' thioglycolic acid in presence of 1/I0th mole of quinine was
refluxed in benzene/toluene for about 8 hrs and then worked up.
In case of {46a-k) the solvent was distilled off and the obtained
compound was extracted by benzene pet.ether (80:20) mixture to
get rid of quinine. Then the compounds were purified by column

chromatography on silica gel. In case of (48a-b) to remove quinine

*Preparation and characterization of these Schiff bases has been
discussed in Chapter II.
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first benzene was removed frofn the reaction mixture and then
corr‘\pound was extracted with petroleum ether-benzene mixture
(50:50). The quinine remained undissolved in the solvent mixture.
Solvent was then removed and further purified by column chromato-
graphy. TLC showed the absence of quinine and single spot compound.
These compounds were then characterised by spectral data and
elemental data (Tables 1,2,3). Their optical rotations were taken
(Table 1). We could not evaluate the percentage optical purity
of these compounds with the help of NMR because of the low optical

purity.

As we got low optical purity by the above mentioned route,
we followed another route to prepare optically active thiazolidinones.
We prepared optically active Schiff bases by condensing the aldehydes
with dextro or levo methyl benzylamines. Schiff bases (49,50) (Chart
10) were then characterised by analytical and spectral data (Tables

4,5). NMRs of Schiff bases (49b) showed the doublet of methyl

proton at 1.56 ,methine proton at 4.4 d , aromatic in the range of

7.1 to 7.8 and benzylic proton (H-C=N) appeared at 8.2d. IR showed
the presence of C=N at 1640 cm'l. Similarly the Schiff baseA(i?_q_)
of propionaldehyde was prepared with d and | methyl benzylamine
and characterized from its analytical and spectral data (Tables
4,5).

In order to compare Schiff bases of aldehydes and amines
~with those of aldehydes and «(-amino esters, we prepared the Schiff
bases of propanaldehyde and benzaldehyde with I-phenyl-alanine

methyl ester. These Schiff bases (50) were then characterised with
: Pl Q\ i

warhadiss Girthartioe et 1 I00 .
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TABLE 2 - IR DATA OF SUBSTITUTED 4-THIAZOLIDINONES (IN NUJOL)

i I
C—NH-——N-—-——(liH —Rs R—CIZ———N——CHZ—@
s \/&
R o)\/ Ry R, >0 |
(46) | ~ (48)

Compd. R R, R, R, Amide Ring NH
No. C:O_l C:g 2
cm cm cm
(46a) H H H H l645 1710 3225
(46b) H H H OCH,4 1645 1720 3250
(46c) =~ H H OCH, OH 1650 1670 3150
(46e) NO, H H H 1640 1700 3250
(46f) NO, H H OCH, 1650 1720 3280
(46g) NO, OCH; H H 1660 1690 3200
(46h) Ctl H H H 1640 1710 3200
(46i) Cl H H OCH, 1645 1710 3245
(46)) OH H H H 1640 1720 3250
(48a)  CH,CH,- - - - 1670 -

(48b) Ph - - - - 1670 -
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TABLE 3 - NMR DATA OF SUBSTITUTED };-THIAZOLIDINONES* IN DMSO(dG)

0
[

E::[:O—NH—N——gH Ry
R 4l\/5

0 Ry Ry

(46)

H®

a) R=CHzCH,
b) R=Ph

Aroma- NH

Cl\c;mpd. R R R, R; SCH, SCH OCH, :
o. tic
(6) (5) (8) (5) (8)
(46a) H H H H 3.88 5.75 - 7.5-8 10.60
(46b) H H H OCH,3.85 5.83 3.7  6.8-7.9  10.60
(46c) H H OCH; OH * 3.65 5.72 3.75  6.7-7.8  10.55
(46e) NO, H H H .39 5.85 - 73.85 to  10.81
8.2
(461) NO, H H OCH, 3.85 5.72 3.75 6.7-8.21  10.95
(46g) NO, OCH; H H 3.6 5.7 3.73  6.68-7.8 10.5
(46)) Cl H H H 3.8l 6.23 - 6.9-7.6  10.8
(46Kk) Cl H H OCH,3.7! 6.2 3.73  6.8-7.8 109

»

*NMRs of (48aland (48b) have been found identical to that of (10la) and
(10lb) in the Chaper II and they have been discussed there thoroughly.
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their analytical and spectral data (Tables 4,5).

NMR of Schiff base (50b) (Figure 2) showed the presence

of -OCH, at 3_.76 (s), benzylic protons at 3.25 d (m), Ph-CH,-CH

3 2
at 4.1258 (m) aromatic protons in the range of 7 - 7.75d and Ph-CH

at 7.9d(s). -

Similarly the NMR of propanaldehyde with phenylalaninemethy!

ester has given appropriate signals (Table 4).

As these Schiff bases gave comparatively low optical rota-
tion, we prepared Schiff bases by other method. In this method
a mixture of aldehyde and amine was stirred together at room tempera-
ture in benzene in presence of alumina for about 8 hrs. These
Schiff bases have shown high optical rotation. Their analytical and
spectral data are same as that of Schiff bases prepared in absence

of alumina.

The Schiff bases (49,50) (Chart 1) were then converted
to corresponding 4-thiazolidinones (51,52) by refluxing them with
thioglycolic acid in benzene using Dean-Stark apparatus to remove

water formed during the reaction azeotropically.

Thiazo!idinones obtained were then characterised by spectral
data and analytical data (Table 6) & (Table 7) respectively. The
NMR of (5la) (Figure 3) showed two sets of doublets for methyl
proton at l.d and 1.7d . Their proportion is 55:45. These two sets
of doublets must be due to d-d and d-l products. As we started
with d-methylbenzylamine, doublet at 1.7 4 (55%) has been assigned

to d-d isomerand doublet at 1.l (45%) has been assigned to d-l1 isomer.
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FIGURE 2

700 600 500 400 300 200 Hz
I I I I ] I
PO
*
</ \ CH—-—-—-N—TH
COOCH
(50b)
1 | | 1 ] 1
l I 1 l § 1 ] } l 1 ] ] | l 1 1 1 1 ' 1 1 l 1 { J
. 80 7-0 60 50 4.0 3-0 2:0



CHART-11

L
7N\l C|* 7
CHs

(49 b) L and d MBA

HS—CH,COOH

Benzene
Reflux

208

H H
| *
R——-CmN-(I:—COOCH3
L3
(50)
HS—CH,COOH
a)R —-CHszH3 Benzene
b) R=_C6H5 Reflux
Y
I
R-—-—-cl:* N—C>—COOCH3
S\\,/J§> l

(62) a) R =—CHyCHj

b)R =—C6H5



209

(0=D39153)
ShLl 3
(0=D 8ury) ¢ IR L L€ 9'¢ HDOOD~ L
0891 "€ . he'E - b - - -£8'9 96 R ~HQHOud ud (az<)
AOU ._wvm.mV
€Ll €
(0= Bury ST'h re 2z €/ 0'¢ HDOOD3 .
S/L9T 8¢ 6'¢ - L€ 0 880 -¢8'9 L€ 8'h tzw HOUd HO®HD (®Z<)
(0=D
8ury) 9 Sl L€ ¢ 1
091 - I's <Z'1 - - - 01/  -h¢ I'¢ HOHQUd ud (ars)
(0=
3ury) 9 L1 7L 9°¢ ¢ _pP
091 - < Il - - - o1/  ¢L€ 9 HOHQud ud (BTS)
oty (9 (O & SOTE . . .
ur ¥1 “HO HO HO  “HDO HO HD ABW ( M ( Nv “ON
’y N ewory  %yo o ¢y Ny -pdwo)
(2G “1G)
0
Jv\n/ﬂw
Zy—NE J by
H

mﬂvQO NI SINONIQITOZY IHL~% QALNLLLSYNS FAILDV ATIVDILLJO J0 VIVA JAN - 9 TIavVL



210

*(NJ°0 "Du0D) [ourylaw

ur paanseaw spunodwod aAoge Jo suorielod DIj1dadg  ceurwinjejo aouassad ur pasedaad saseq Fyog
woay patedaid sauopijozeryi-4 syl Jo suonyeios [ed11do oyl 21BDIPUT S133ORIQ Y} Ul SIINBTJxy
*stsAjeue paiainbaa 31BDIpUT S19%ORIQ AR UT SBINTT

(8°01-) OrH)  (£§6)  (8'99) ECHDQODHD _ L
B9~ Y. €2'h 166 1999 HOUd ud (@zg)
(92°27) QL0 (84°9)  (€0°19) t4n000 - L
g4~ 09 19 €9 1219 HOCHOUd CHdfHD ®Z9)
(S6°h) (00°9) (8°24) ¢ _I
62+ . 81 19 28°ZL HOHDUd ud (qic)
| €e'n)  (00°9) 80ZH P
z¢- | 1 oLh 8¢9 S1'ZL HOHDUd ud (®1c)

(0] 7 I
sxuoriel0J [eo1do % PISTA N H 5 N N ‘ON
*MHMU —mu_u.%—.mr_( .UQEOU

0]

]
2y z_*“_v by
H

SANOUITOZV IHL-%
QILNLILSINS FALLDY ATIVOILLJO 40 NOLLY10d TWDIILJO ANV dTHIA YVIVA TWOLLATNWNY - £ 376Vl



211

¢ 3JYN9ld
() Ndd O 0-} 0-2 0-¢ 0-v 0-6 0-9 0-L 0-8
T T T — 1 § — ¥ T |} ﬂ T | — |} | S L | — T L] T 4 — 1 § | ¥ T ﬂ T 1] I T _ T LI § T J
1 i ] 1 i ) i
- |
%5y 5
..JL
% SS \‘
®lG)
NS
J——N-——2
* |
H H 1
- =<
| ! | ! | |
Z4 00+ 002 00¢ oov 0065 009 00L

=qo



Similarly, S-CH proton also has shown two sets of doublets at

5.5and 5.6 d . Their ratio is also 55:45. They are also corresponding
to d-d and d-1 isomers. Methine proton from d-methylbenzylamine
moiety has also shown two sets of quartets at 56 and 5.6d . They
are also of d-d and d-l products. Thus from the NMR, it shows
that d-d isomer has been formed in 10% excess. Thus here asymmetrié
addition has taken place where d-d isomer has 10% enantiomeric

excess over the d-l isomer.

The thiazolidinone (5lb) prepared from benzaldehyde and

I-methylbenzylamine showed two sets of methyl doublets at 1254

and 1.6d in the ratio of 55:45. These two sets must be due to i-i

and I-d products. As we started with l-methylbenzylamine doublet

at 1.25d (55%) has been assigned to I-l1 isomer and doublet at 1.6

(45%) has been assigned to l-d isomer. _S__CH2 has appeared as multiplet

in the range of 3.t to 3.7d . But S-CH and methine in the methylbenzyl-

amine have not resolved properly. Methine has shown only one quartet
centered at 5.1 d and S-CH has also shown its appearance in the
same region (integration for 2 protons). Aromatic protons have

appeared in the range of 7.0 to 7.56.

Similarly the thiazolidinone (52b) (Figure 4) ha§ shown
the peaks in the NMR for two compounds I-land 1-d. Benzylic proton
has appeared as multiplet in the range of 3.2 to 3.4d . S-CH2
has shown two peaks of doublets 3.56d and 3.67 d , methoxy at
3.74 . Methine proton from phenylalanine moiety has shown two

sets of triplets at 3.94% d and 4.16d and S-CH proton has shown its
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appearance at 4.4dand 5.6d. These two peaks of S-CH are in the propor-
tion of 55:45. The peak at 4.58(55%) must be due to I-l as we started
with l-phenylalanine. Aromatic protons have shown their appearance in
the range of 6.87d to 7.42d. Thus on the basis of NMR, we can state that
the two diastereoisomers are in the proportion of 55:45 i.e. I-l isomer is in

10% excess over l-d isomer.

The thiazolidinone (52a) has shown two sets of triplets at 0.88
and 1.2d". Their proportion is 43:57 respectively. Triplet at 1.2d has been
assigned to -l isomer, while triplet at 0.884 has been assigned to 1-d
isomer. Benzylic proton appeared at 3. 8d (multiplet), methylene proton at
2d, OCH, at 3.7d, S-CH, at 3.72d. Methine of phenylalanine appeared at
4.154& while S-CH at 4.8dand 5.0d. Aromatic protons appeared at
6.85 to 7.3§. On the basis of NMR it can be stated that 1-1 isomer has

got 14% enantiomeric excess over l-d isomer.
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EXPERIMENTAL

Experimental part of the s.chiff bases used for the syntheses
of 4-thiazolidinones is given in Chapter II. General procedure for
the synthesis of optically active _lf_ithiazolidinones is given below.

The data of individual compound is summarised in Tables 1 to 7.

Syntheses of optically active substituted 4-thiazolidinones (46)

A mixture of schiff bases (45) (0.0 mole), thioglycolic acid
(0.011 mole) ard quinine (0.001 mole) in toluene (150 ml) was refluxed
for 8 hrs. Soivent was removed by distillation. Residual semisolid
was suspended in benzene-pet.ether mixture (80:20) and stirred for
15 minutes to dissolve quinine in the solvent mixture. White solid
obtained by filtration was then crystallized from methanol. The m.p.
yield and specific rotation of individual compound are given in Table

l. IR and NMR data are reported inTables 2 and 3 respectively.

Syntheses of Optically active substituted 4-thiazolidinones (43)

A mixture of schiff base (47) (0.0l mqle), thioglycolic acid
(0.0l mole) and quinine (0.001 mole) in benzene (150 mil) was refluxed
for & hrs. Solvent was removed by distillation. Residual thick liquid
was extracted with benzene:.pet.ether mixture (50:50) three times
to get rid of quinine added. Thlese extracts combined together were
then washed with sodiumbicarbonate solution (10%) and water. Dried
over sodium stlphate and solvent was distilled off. TLC of the residue
showed the absence of schiff base but some impurity at the bottom.
Therefore, it was purified by column chromatography on silica gel

-using benzene as eluent.
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Compound (48a) was further purified by distilling it in the

bulb-tube under vacuum (b.p. 130-135°C/15 mm).

Compound (48b) crystallized from methano! gave white needle-
shape crystals, m.p. 136-138°, ‘

The analytical data, yield and specific rotation of individual
compound is given in Table 1. IR and NMR data are reported in Tables

2 and 3 respectively.

Synthesis of Optically active substituted Schiff bases (49,50)

A mixture of aldehyde (0.02 mole) and -methylbenzylamine
(0.02 mole) was refluxed in benzene for 10 hrs using Dean-Stark apparatus
to remove water formed during the reaction azeotropically. Solvent
was removed by distillation. TLC showed the presence of aldehyde
and -methylbenzylamine. These schiff bases (49) were then purified
by distillation in the bulb-tube under vacuum. First fraction which
distilled out a: 85-100°C/I5 mm was the mixture of aldehyde and
-methylbenzylamine. Second fraction was collected above 120°C/15mm.
The analytical data, yield and optical rotation of individual compound

are given in Table 5. IR and NMR data are reported in Table 4.

- Synthesis of Optically active 4-thiazolidinones (51,52)

A mixture of schiff base (49) (0.02 mole) and thioglycolic
acid (0.022 mole) was refluxed in benzene for 8 hrs. Reaction mixture
was cooled and washedby sodiumbicarbonate solution (10%). Dried over
sodium sulphate and solvent was removed. Residual thick oil was

purified by distillation in the bulb-tube under vacuum (b.p. in the range
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of 135-150°C/3 mm). The analytical data, yield and optical rotation
of individual compound are given in Table 7 and IR, NMR data are

given in Table 5.
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