CHAPTER 11
History

Rhodar.ine ij is a derivative of thiazolidine, with a
thid and 2 carbonyl group in the 2 and 4 positions respectively
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rhodanic or rhodaninic acid(55).

rne:f@ 1S cONsider: hie confusion concerning the structur
of rhodanim: in the early literature. It was first thought to
have a none;y-clic formula, da-CHo-C0-SCi'(56). However, recogni-
tion of cor aptoacetic acid as a primary product of the hydroly
sis cf 5-Phony1-2-phenylimino-4-Thiazolillinone led to the choic
of as cycli formulers and hy analogy a cyclic formula jIl 3
proposed fo:. rhodanine in 1879 (57) ss)e

aryiug tr.o substituents in the 2 position cf 4-
thiazolidi' ne compounds, a number of related compounds can he
obtained ' ]
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Formula, Il A - where X is oxygon - is 2,4-Thiazolidinedione, which
is frequently called "Senfolessigsaure” in the early German
literature. Formulae: 11 B - where X is sulfur - is rhodanine.
Formula Il G - where X is imino - is pseudothiohydantcin, and
Formula Il D - where X is hydrazine - is the 4 - Oxo - 2 - Thiazo-
lir.-2-ylhydrazones of the aldehyde or ketone. The presence of a
thiazcle ring in a tautomeric forr.l 111 ; of 2,4-thiazolidinedione
in rhodanine and in.pseudothiohydantcin indicated a close
relationship in structure among the three substances, (5y).
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Rhodanine and its derivatives can be synthesized by the
cyclization of acyclic compounds or by interconversions among
appropriately substituted thiazolidine derivatives. In the cycli
zation reaction, the acyclic intcrmediate(which is not usually



isolated) is cither the salt or the ester of an appropriately
substituted alkanoic acid. In general, sodium chloroacetate, as

' #( -haloalkanoic acid, reacts with ammonium dithiccarhamate to
give an acyclic intermediate - thiocarbamyl thioglycclic acid or

- carbOxynkthyl dithiOcar rmategr/r;‘; This intermediate can be
made to cyclize after the addition of a strong acid, such as hydro-
chloric acid, sulfuric acid or acetic acid, after which the solution
must be kept for 12 - 24 hours at room temperature hefore the rho-
danine is produced. The reactions can he shown as follows
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Julian and Sturgis (6o) have reported a valuable modification in
connection with improvement on this procedure. Using diethyl

chloromalcnate ;Vi . the 'X - haloalkanoic acid ester, the final
product will depend on the temperature of the reaction. At room



temperature or below, 5-carbethoxy rliodanine j*VIJ is obtained,
while refluxing the reaction mixture causes saponificaticn and
decarboxylation, yielding rhodanine (61,62).
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In addition, the cyclization of S-carboxymethyl dithiccar-
banate to rhodanine was found to be a monomolecular reaction and
had a velocity constant of ¢ = 0.19 x 10 " with the time being
measured in minutes (63)

Fruitless efforts have been made to hring about ring
closure between the nitrogen atom and the carbon "-tom in the 2
position. Neither the 2-xanthate [*vu Al nor the 2-trithiocar-
bonate fvn B] of acetanilide can be cyclized as r. result of
losing ethanol or ethanethiol !
0
c6E -NH-C-CHg-S-C-X A X = 0cgH;
B 2 = SC2H5
(1] C X = TiH2
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Also the cyclization of the amides of S - carboxymethyl
dithiccarhamate NI1 (} by heating the compound with dilute
sulfuric acid yielded rhodanine and aniline rather than 3-phenyl
rhodanine and ammonia (64).

A derivative of rhodanine can also be produced using fj.-
mercattoailcanoic acid with isothiocyanate, VIII  (64,65) 1

c6!I NCS + HSCHgCOOH S e ,CA
fVIIl Ceg CH,

In a variation of this method, the 'isothiocyanate is heated with
an acetic acid solution of methylthiocyanoacetate AIXJ in the
presence of a catalytic amount of lead acetate, until the
evolution of carbon dioxide from the decomposition of cyanic acid
IS complete, giving 3-substiiuted rhodanine | X j(66),

CENTOS + NCSCHgCOOCH
: _ cv ? + HONO
[IX] BC/s "CK2

Certain 3-substituted rhodanines have also been prepared
using the reaction of di(a:\-carboxylalkyl) trithiocarbonates "Xl
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with primary amines (67). In this case, the primary amines
attack the carbon atom of the thiono group of di-carboxymethyl-
trithiocar'bonate, and eliminate the anion of mercaptoacetic
acia. The cyclization of the -oarboxymethyl dithiocarbamate
then produces the desired product 5

C(SCH2000E)0 g LN
X

In addition, several methods are available for the
conversion of 2-substituted 4-thiazolidinones into compounds
with other substituted groups at the 2-position. Thus
corresponding rhodanine was converted from 2-imino-4-thiazoli-
dinone when heated for 6 hours at 180°C with carbon disulfide
(63).

Rhodanine has a solubility of 2.25 gram per litre at
25°c (63). The 3“Ulsubstituted rhodanines are usually solid,
but the attachment of an alkyl group to the nitrogen atom lowers
the melting point. Polymorphism occurs with 3-aminorhodanine
(69) « Cry;, t-"llographic anta, density and indices of refraction
have been reported (70). The dipole moment of rhodanine has

beren given as 2.20 L p71)y and of 3-ethyl rhodanine as 1.75 D
(72).



Rhodanine is a weak acid, the ionization constant being
1.69 X 10 0 at 20°G (73)- In addition, 575-disubstituted
rhodnnines show little difference in their values for ionization
constants from the unsubstituted compounds. The acidity is
attributed to the hydrogen atOil attached to nitrogen (74)*

Since rhodanine has an active methylene group at b5
position, it can undergo aided condensation with the carbonyl
group of an aldehyde or keto.no, followed possibly by loss of
water. The product iXII'! of the reaction contains an B -
unsaturated carbonyl group.

This reaction was first observed with rhodanine and
benzaldehyde or acetaldehyde, using sulfuric acid as the conden-
sing agent (73)e¢ Later', sodium hydroxide in ethanolic solution
(76), sodium ethoxide in ethanolic solution (77)} anhydrous sodiu
acetate in acetic acid (60), anhydrous sodium acetate, acetic
anhydride, and acetic acid (70) ammonia and ammonium chloride in
ethanolic solution (79}80>01)i ammonium hydroxide in ethanolic
solution (82), diethanolamine (83) and piperidine ( 645 85 )



were used as condensing agents.

With sulfuric acid as the condensing agent, the aldehyde
diacetate can be used instead of the aldehyde (80). In addition
ilkoxy-orthofornates fXI11 can condense with rhodanine, using

acetic anhydride as the condensing agent, yielding 5-alkoxymethy
line rhodanine |AXIVJ(8C),

(ch3co) 20

Most aromatic and heterocyclic aldehydes condense with
rhodanine rad produce a good yield (87,88,89). Aliphatic
aldehydes condense with rhodanine after being refluxed for
several hours in acetic acid solution(64), or by using either
sodium acetate in acetic acid or ammonium chloride and ammonia
in ethanolic solution(90). "-substituted rhodanines in anhydrous
sodium acetate and acetic anhydride give the desired product but
it is sometimes necessary to heat the reagents in an autoclave
(91).

|f the aldehyde exists predominantly in the enol form,
its sodium derivative ] XV] reacts with rhodanine in pyridine
solution and produces the tautomer cf the aldol - condensation
product (92).
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Alkaline hydrolysis of 5-nrylidone rhodanine, the conden-
sation product of rhodanine and aldehyde, give the corresponding
JE-substitntsd-oC-rnorcootoncrylic acid which can exist in two
tautomeric forms(76,98)

Ba(OH), CgE -CH = C-COOH
acid
M0-3-° = CH C6H5

CrH -CB -C-COOE

Chemical reactions have been used to prove the existence
of the two tautomer forms (98). In addition, ultraviolet spectra
show that the ene-thiol structure is the predominant form (99).

Rhodanine and its derivatives have been used for various
purposes. In quantitative analysis they have heen used o
analytical reagents(100,101) on account of their ahility to form
complex with heavy metals such as silver, gold, copper, mercury
and palladii'.m,

The reaction with heavy metals has been found to result
in the formation of a complex rather than . simple salt formation
(102). In addition, rhodanine derivatives with alkyl or aryl
groups attached to the nitrogen do not bind silver ions as does
rhodanine itself (103), and it is thought that the imido hydrogen
is the one which causes this reaction. However, studies on the
complexation of rhodanine and various metals, with the assistance

000679
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of IR and NI®, indicated that the coordination takes xjla.ce via the
thiocarbonyl group of the ligand, and the IR spectrum of Cu (3-
allylrhocanine) Cl complex suggests that the copper vas bonded
through the thiocarbonyl group and the olefinic double bond of
the ligand. (415 104)

A spectrophotometric procedure using 5“(p-dimethylamino-
benzylidene) rhodanine is available for the quantitative
determination of silver in a 25-mi. sample containing 2x10 * to
2x10 ™ moles of silver (105)» Ascorbic acid can also he determined
with such derivatives in the presence'of copper sulfate and sodium
pyrophosphate (106).

As regards the biological activity, certain 3-aroyl
aminorhodanines are effective in inhibiting the in vitro growth
of Microbacterium tuberculosis at a concentration of 0.5 mg/ml.
(107)  and 3,5-dimethyl-and 3-ethyl-5-roethylrhodaninc have been
found to be bhacteriostatic (108).

Rhodanine itself shows antifungal activity against
Alternaria tenuis and Botrytis alii (46).  5-substituted rhodan-
ines, especially 5-(p-chlorobenzylidene) rhodanine and 5%(2-
thienylmethylene) rhodanine, have heen proved to be fungistatic
and mildew preventing agents (46, 109-111). 5-(p-dimethylamino-
benzylidene) rhodanine inhibits the growth of the fungus
Neurospcra silaphila (112). Rhodanine and those of its derivatives
with hydrogen attached to nitrogen have been patented as |
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fungicide (113). Derivatives with . hydrocarbon residue attached
to a nitrogen atom have heen patented because of their value as

insecticides and fun picides(114)e

Certain 3-phenyl rhodanines and their derivatives have
been shown to have  weak but demonstrable antinalarial activity
against Plasmodium berghei . In addition, such derivatives
including 3-(p-cnlorophenyl) - - )ethyl rhedanina arid 3-(p-
chlorophenyl)-5-othylrhodanine have been found to be effective
insecticides and nenarocides(11b), Hie sodium salt of 3-phenyl-
5-(0-sulfobensylidene)rhou. .nine has been foand to be an effective
mcthicideflie), and 3-kcthyl-5- f (p-nitrophenyl) azoj rhodanine
has been used as an anthelmintic agent ',49).

In pharmacological testing; 3-(p-Arylethyl rhodanines have
been synthesized with the enpecdation that the similarity of its
structure to adrenaline might produce useful compounds. However,
the compounds wore too insoluble to be of practical use (117).
5,5-Diethyl rhodanine exhibited narcotic action slightly
greater tarn tkt of 5-5 iethvlbarbituric acid (118), but its
therapeutic value is also restricted by its solubility. 3-07"-
mothyl-B-phenyl)-ethylrhobnine fas been found to exhibit
psychostimulating action (115).

5-(w-Thicnylinethyleno) rUodanine and 5-(2-pyrrolylmethy-
lene) rhodanine have been fcui.ri to increase blood glucose inthe
Charles Hiver rat (s54)e
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As far as the antiviral effect is concerned, some
derivatives cf rhodanine have teen tested. Piperonylidene
rnodanine has shown activity against Columbia 3K Virus in mice
(120). Rhodanine has been found to inhibit the multiplication of
EDHO 12 virus (3c). According to Egger's report, there is 95 .
inhibition of the virus growth in monkey kidney cells at 17yUg/ml.
Furthermore the cellular RNA synthesis and morphological
appearance are also unaffected at 150 yUg/mi. However, all 5-

tituted rhodanines have been found to be inactive, or only
slightly active, and are generally more toxic than the parent
compound. In addition, H-J2D glucopyranosyl-5-(p-nitrobenzylidene)
rhodanine have been shown to have definite antiviral activity
against vesicular stomatitis virus growth by inhibition of the
viral RNA synthesis (54)*

In general, the rationale for the design and synthesis
cf a drug is patterned on the chemical structure of a metabolite
which participates in the target-cellular activity. As antiviral
agents, nucleoside analogues hold a prominent position. Moreover
while viruses make extensive use of the biosynthetic machinery of
the host cell,they retain some specificity with respect to the
formation of their nucleic acid. For this reason,attention has
been given to the use of glycosides and nucleosides as antiviral
agents. Nitrogenous glueaside was first made in 1930, when

Hilbert and Johnson (121) successfully synthesized 3-glucosidoura-
cil by the interaction of 2,6-dimethoxypyrimidine and acetobromo-
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-glucose, and produced the acetyl derivative. After hydrolysis
using an ethanolic hydrochloric acid solution the desired
nucleoside was obtained. Hilbert (122) failed to prepare
Glucosidocytosine by applying a similar reaction to the prepara-
tion of Glucosidouracil. Fischer (123) also failed in his
attempt to prepare glucosides of both uracil and cytosine in his
experiments to test the reactions of tetraacetylbromoglucose on
the silver salt of these two pyrimidines. Recognizing the limita-
tions of such methods, acetobromoglucose was used for making nitro
genous glucoside, sugar isocyanates and corresponding urea heing
used as starting materials. Fischer used tetraacetylglucose
isocyanate and the corresponding isothiocyannto in making tetraace
tylglucoside (123). Haring and Johnson (124), using Fischer's
sugar isocyanate procedure, prepared four new glucoside uroidei
d-glucosidothichydantoic acid XVIHI ~ N-I-d-glucosid' -2-thichy-
damtoin - XIX| | d-glucosidohydantoic acid fXXj, and 1i-1-d-glucosi-
dohydantcin | XXIJ

Glu Clu - If-
NH-C-NH-CHyCOOH
“0ij-a™
XVII] (XIX]
Glu Glu - N
NH-%-NH-CHZCOOH oH

fxx] (XXI]
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Nevertheless, the glucosides of pyrideazones onl thiopyri-
dezones have been successfully synthesized via the re-ciion of
acetobromoglucose and certain aglycones, resulting is Tetra-0-
acetyl~F-D—Gluoopyranosyl derivatives, which were deacetylated by
scdiun methoXide (125). Glucoside of 4-cthoxypyridince (126) and

phencl (127) have also been reperted.

Only a few glycosides of ‘rhodanine derivatives hove been
repcrted In the literature for 1966, Bognar and Wicniowsli (53),
synthesized N-Tetra-0-accétylglucesyl derivatives of b=isopropy-
ilidene, 5-benzylidene and H5~arisylidene rhodanincs. They cstab=-
lished chemically that theisugdr moiety is attached - the nitro-
gen atem. However, they were unable to remove the acetyl groups
without decconposing,. the Thedanine nucleus., Foye and Tovivich (54)
hare recently reported the synthesis of 2 serics of Tetran=O-acetyl
glucopyrancsyl-5-aralkylidcene rhodanine and the dencetylation was
successfully carried out by acidie hydrolysis with hydrochloric
acZd in methanol to obtain N-F—D-glucopyranosyl—5—aralkylidene

rhodanine,

The present study is based on the methods doseribed by
Foye ard Tovivich (54) and reports an attenpt to siynthesize some
new glucosylated rhodanines so that the biologicernl activities
of these compounds and the related intermediates econ be tested

in the future.
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