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SYNTHESIS OF CERTAIN 4-METHYL-2-THIOURACIL DERIVATIVES
T0 BE TESTED AS ANTI-TUMOR QR ANTI-THYROID AGENTS

R.M. ABDEL-RAHMAN and A.M. ABDEL-HALIM

Chemistry Depariment, Faculty of Education, Ain-Shams University, Cairo, Roxy, A.R. Egypt

INTRODUCTION

Uracil and its 5-methyl derivative; thymine, are biologically of great
importance in fundamental metabolism. They derive their importance
because certain of their derivatives are building blocks of RNA and
DNA., 5-Fluoromacil is particularly effective in the treatment of advan-
ced carcinoma especially of the breast and the gastrointestinal tract;
thiouracil, used in treating hyperthyroidism and angina pectoris.

The wide applications of the diazines as chemotherapeutic agents
aroused the interest of author to synthesize some derivatives of 4-methyl
-2- thiouracil (I) that might have hiological activity as antitumor or
antithyroid agents.

0
"

H4C N7 SH
(1)

Thus, reaction of I with olefins, namely, acrylonitrile152»3: and ethy-
lacrylate4 leads to the 1,2-bis (8-cyanoethyl)-4-methyl-2- methylthioura-
cil (IT) and the bis (4-methyl-2-methylmercaptouracil) (III) respectively.
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/CH .CH,.CN

2
SCHZCHzCN
(IT)

0

0
SRS

(IIT)

Compound (III) was also obtained by the action of 1,2-dibromoet-
hanet on I (direct comparison of m.p., m.m.p., and ir).

Acid hydrolysis!»2:3 of II affords N’-(B-cyanoethyl)-4- methyl ura-
cil (IV) its structure is supported by correct analytical data (contains
no sulfur) and ir spectra which coincide with its structure.

0
/CHZCHZCN

1Al Lo
H
(IV)
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The reactivity of the sulfur atom attached to uracil nucleus towards
nucleophilic attack is greatly influenced by the type of sulfur, the nucle-
ophilic agent and the reaction condition. Thus the course of the reaction
of I with chloroacetic acid was studied in detail, the reaction being im-
portant for the transformation to S-alkylated analogs which cyclized
readily, through the loss of one molecule of water, to give the correspon-
ding thiazolo (1,2-b) 1,3-diazine derivatives. Thus, on refluxing I with
chloroacetic acid in aqueous potassium hydroxideS gave 4-methyl uracil
(Va); whereas, 4-methyl-2-methyl-mercapto-1, 3- diazin-6- one (Vp)
was isolated when I was fused with chloroacetic acid. Gentle boiling for
few minutes of I with chloroacetic acid in aqueous KOH gave -carboxy-
lethylmercapto-4-methyl-1,3-diazin-6- one (V).

0
/(\N/ H
i
H3C N,//LX

(V)
X X

Va OH b S.CHj
¢ SCHpCO0H 4  5C0.CcHg

The synthesis of thiazolo (1,2-b)1,3-diazine derivatives is usually
achieved by the action of bifunctional compounds on I6:78, The interac-
tion of I with haloacids, and haloketones is now undertaken where con-
densed 1,3-diazine systems are synthesized. Thus, the reaction of I with
chloroacetic acid in dry pyridine -DMF6 leads to the direct formation
of T-methyl-2-hydrethiazolo (1,2-b) 1,3-diazin-3,5-dione (VIa). The for-
mation of 2-(2'-nitro or 4%-chlorobenzylidene)-7-methylthiazolo-(1,2-b)-
1,3-diazine-3,5-dione (VIb,c) by treatment of I with chloroacetic acid
in the presence of o-nitrobenzaldehyde and p-chlorobenzaldehyde? res-
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pectively, gives evidence for the structure of VIa. The reactions is beli-
eved to proceed via the formation of the intermediate VIa which readily
condenses with the aldehyde to Vib, c.

C

b =
CH'CGHA'NOZ(O-)

oy

On the other hand, compound I react with acid halides, namely,
bromoacetyl bromide8, and oxalyl chloride to give 7-methyl-3-hydrothi-
azolo (1,2-b)-1,3-diazin-2,5-dione (VII) and 7-methyl-thiazolo (1,2-b)
-1,3=diazin-2,3,5- trione (VIII) respectively.

One possible approach to explain the direct formation of VII is the
assumption that an intermediate monoacetyl derivative was formed

firstly that cyclizes through the loss of one mole of HBr to give (VII).

Benzoylation of I using benzoyl chloride in pyridine gave 4-methyl
-2- benzoylthriouracil (Vd) the structure of which was suppoted by analy-
tical data as well as ir spectral analysis which replects absorption bands
at 3400, 3200, 1720 and 1620 cm—! due to NH, OH tautomeric structure,
C=0 of benzoyt and C=0 in thiouracil moiety with disappearance of
C=S band at 1190 cm-1.
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/‘i\
H.BC/L» N OLi3C/ /k

(VII) (VIIL)

o

Reaction of I with bromopyruvic acid in pyridine -KOH medial,g
affording 7-methyl-1,3-thiazino (1,2b) -1,3-diazin-3,4,5-trione (IX).

K““j

(IX)

Its ir spectrum reflects the disappearance of the -NH absorption
band, while three successive C=0 bands appear at lower frequencies
in the region 1750-1650 cm-1.

a-Haloketone, namely, chloroacetone reacts with I in pyridinelo,
to give 2-acetonyl-4-methylthiouracil hydrochloride (X).

The behavior of 4-methyl-2-thiouracil toward hydrazine hydrate
at different experimental conditions was also studied. Thus, treatment
of compound I with hydrazine hydrate at room temperature, leads to the
addition of the hydrazine to the C=0 double bond!l affording compo-
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( X)

und (XI), whereas refluxing I with hydrazine hydrate in isopropyl al-
cohol!2 for 6 hrs, leads to 2-hydrazino-4-methyluracil (XI1),

HO NHNH2
NH

SEu

(XT1)
0

/”\/KNH
H4C N7L

NHNHZ

(X1T)
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Fusion of compound I with phenylhydrazine!3 in an oil bath (200°C),
for 1/ 2 hour gave compound (XIII) which was ldentlfled as 2-phenyl-3-
thio-1,4-dihydro-1, 2,4-triazel-5- one.

0]
A
HN NH
L

( XIII)

The reactivity of the hydrazino group in (XII) exhibits the normal
characteristics of this group, thus, condensation of XII with different
carbonyl compounds!2, namely, 2-oxobutyric acid, o-aceto-benzoic acid,
o-benzoyl benzoic acid, actylacetone and benzoylacetone gives the

corresponding hydrazones (XIVa-e)

SR
HC” NH N= c
Ry
(XTV)
R Ry
X1Va C5He -~ COOH
b CHy | CgH, -COOH {o-)
¢ CgHg CgH,-COO0Ho0-)
d  CHy CH,.C0.CHy
e CHy ~ CH,CO.GeHg
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Cyclization of XIVa-e, through the loss of one mole of water leads
to the formation of heterocyeclic derivatives for 4-methyluracil3 XV, and

XVIa-d.

0 0

..

| H
( XV )

0

NH
H4C NPRR

(XVI)

Reaction of XII with bromopyruvic acid in pyridine-ethanoll4
gave (XVIe).

When XII was heated with-N-bromosuccinimide in pyridinel4,
the hydrazide derivative (XVII) was obtained.

Heating XVII with alcoholic KOHI6 gave the pyridazin-1,4- dione
derivative (XVIII). Its ir shows the appearance of the absorption band
at 1800-1700 cm-1 characteristic for condensed 1-4-diones in addition
to the absence of bromine in its elemental analysis.
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H3C . NH/

(6tts

0

(XVII)
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0
0

N
HC N)\NH/N\f?! Q
H

( XVIIT )

EXPERIMENTAL

The ir spectra were recorded with a Beckman IR 4 spectrophoto-
meter using KBr pellet technique.

All melting points are not corrected.

The reagents and solvents used in the synthesis described in this
paper were the purest grade.

REACTIONS OF 4-METHYL-2- THIOURACIL (I) WITH OLE-
FINS:

a) Formation of 1I and I11
General Procedure:

Compound I (0.01 mole) was added to a mixture of phridine (50 ml.)
and water (10 ml) containing acrylonitrile or ethyl acrylate (3 ml.).
The reaction mixture was heated under reflux for 3 hr, cooled, diluted
with water and the solid obtained was recrystallized from the proper sol-
vent to give IT and III respectively about 75 9%, yield (Table 1), ir (KBr)
compound I1I, 3200-3100 (vyg), 1680 (br., veo), 3500-3400 (voy) and
2250 em 1 (ve_y); compound III, 3500-3300 (vom, nu), 2936-2916
(vwi,)> 1620 (vy_o) and 1440 em~1 (vg_cp,)-
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2

Hydrolysis of 11: Formation of IV:
A mixture of IT (0.5 g) and dilute HCI (20 ml.) was heated under

reflux for 2 hr. neutralized with sodium carbonate and the solid obtained
was crystallized from ethanol to give TV as colourless crystals in about
60 9, yield (Table 1), ir (KBr); 2940 (veg,), 2280 em1 (vo_x)-
REACTION OF I WITH MONOCHLOROACETIC ACID:

(a) Formation of V-a:

A mixtyre of 1 (0.01 mole); monochloroacetic acid (0.01 mole) and
potassium hydroxide solution (50 ml., 20 %) was heated under reflux
for 1 hr, cooled, acidified (HCl) and the solid obtained was crystallized
from acetic acid to give Va as colourless crystals in about 80 9%, yield
(Table 1), ir (KBr); 3240 (vyu) and 1680 em~1 (vg_o)-

(b) Formation of Vb:

A mixtyre of I (0.01 mcle) and monochloroacetic acid, (0.01 mole)
was heated in an oil-bath at 200°C for 1 hr, cooled and the solid obtained
was crystallized from methancl to give Vb as yellow crystals in aboyt
85 9, yield (Table 1), it (KBr); 1440-1415 cm-1 (vg_cpq,)-

(¢) Formatiou of Vec:

A mixtyre of I (0.01 mole), monochloroacetic acid (0.01 mole) and
potassium hydroxide solution (50 ml., 5 9,) was heated at 60° (water-
bath) for 10 min., acidied (HCl) and the solid obtained was crystallized
from methanol to give Ve as yellow crystals in about 70 %, yield (Table
1); ir (KBr), 3333-2300 (vr., voi bonded) and 1715 em~1 (v¢o)-

(d) Formation of Vla:

(i) A mixture of Ve (0.01 mole), adn sodium carbonate (50 ml., 10
9,) was heated under reflux for 3 hr, cooled, and the solid obtained was
crystallized from ethanol to give VIa as brownish-yellow crystais in abo-
ut 80 9, yield (Table 1), ir (KBr), 1680 (vp_o)-

(i) A mixture of I (0.01 mole) and monochloroacetic acid (0.01 mole)
in pyridine-DMF (25:25 ml), was heated under reflux for 30 min., cooled,
then cold water was added and the solid obtained was treated as above
to give VIa as brownish-yellow crystals in about 85 %, yield, m.p. and
m.m.p. with the product from (d-(i)) showed no depression.
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(e} Formation VIb, c:

A mixture of equimolar amounts of I, monschl roacetic acid, o-nitro
benzaldehyde pr p-chlorobenzaldehyde and sodim acetats in acetic
anhydride (30 ml.) was heated under reflux for 4 hr., eooled, cold water
was then added and the solid obtained was cirystallized from acetic acid
to give VIb and Vle respectively. (Table 1).

REACTION OF I WITH HALO-COMPOUNDS: FORMATION OF
Vd, VII, VIII, IX AND X:

General Procedure:

A mixture of I (0.01 mole) and halo-compound, namely, benzoyl
chloride, bromoacetyl bromide, oxalyl chloride, bromopyruvic acid,
and chloroacetone, (0.01 mole) was dissolved in the least amount of
dry pyridine, The reaction mixture was refluxed for 1-2 hr. and the pro-
duct was poured into ice-cold dilute HCl. The preducts were crystalized
from the proper solvent to give compounds Vd, VII, VIII, IX and X
respectively in about 60-80 9, yield (Table 1), ir (KBr) for compound
Vd; 3400 (vom), 3200 (vyg), 17 20(vgo “benzoyln) and 1620 cm-1
(ve—o “in thiouracil moietyn; VII, 3500 (br. voy) and 1700 em-1
(vee); VIIL, 1680-1660 cm-1 (vy_g); IX, 1750-1650 cm~! (ve_o);
X, 3250 (vyg), 2920 (vem,), 1680 (ve—o), 1190 (vgy) and 2000-1800

@ o

em~! (vyg, - Cl salt).

REACTION OF I WITH HYDRAZINE HYDRATE:
(a) Formation of X1I:

A mixture of I (0.01 mote) and hydrazine hydrate (10 ml.) in isop-
ropyl alcohol (20 ml) was ieft at room temperature for 24 hr., water was
added and the solid precipitated was recrystallized from ethanol to give
X1 as colourless crystals, in about 80 9, yield (Table 1), ir (KBr) 3500-
3200 (br. vy, om)s 3100 (vyg) and 1280-1250 em™! (s, vog).

(b) Formation of XII:

A mixture of I (0.01 mole) and hydrazine hydrate (10 ml.) in isop-
ropyl alcohol (100 ml.) was heated under reflux for 6 hr. cooled, diluted
with water and the solid obtained was recrystallized from isopropyl al-
cohol to give XII as colourless crystals in about 80 9, yicld (Table 1),
ir (KBr) 3500-3200 (br. vyp,2, OH) and 3100 ecm~1 (vyg).
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REACTION OF T WITH PHENYLHYDRAZINE: FORMATION OF
XIII:

A mixture of compound I (0.01 mole) and phenylhydrazine (0.01
mole) was fused at 200° (oil-bath) for 30 min., cooled, triturated with
methanol and the solid obtained was crystallized from methanol to give
XIII as orange erystals, in about 9, 70 yield {Table 1); ir (KBr) 3200~
3100 (vyg), 1680 (ve_g), 1190 (ve_g) and 1050 em-1 (s, v substituted

benzene ring).

REACTION OF XII WITH CARBONYL COMPOUNDS: FORMA-
TION OF XIVa-e:

A mixture of XII (0.01 mole) and the appropriate aldehyde, ketone,
and [ or 2-oxoacid (0.015 mole), in absolute ethanol (30 ml.) was heated
under reflux for 30 min., cooled, poured into water, filtered and the solid
obtained recrystallized from a proper solvent to give XIVa-e (Table 2);
ir (KBr) 3400 (vom, xm)> 2940 (vem,)s 1580 (veey) in addition to 1740
em-! (VC=0) in case of XIVd, ec.

CYCLIZATION OF XIVa-e:
(a) Formation of XV

Compound X1IVa (0.01 mole) in sodium carbonate solution (50 ml.,
109) was refluxed for 3 hr., cooled, neutralized with dilute HCl and
the solid precipitated was filtered, washed with cold water and crystalli-
zed from. ethyl alcohol to give XV as colourless crystals, in about 60 %,
yield (Table 2); ir (KBx) 1665 em~! characteristic for cyclic structure
assigned for this compounds.

(b) Formation of XVia-d:

Compound XIVbh-e (0.01 mole) in acetic acid (30 ml.) was heated
under reflux for 2 hr., cooled, poured on cold water, then filtered off
and the solid obtained was recrystallized from the proper solvent to give
XVlIa-d (Table 2); ir (KBr) for compounds XVIa,b, 1630 cm-1 (veyclic
amide); XVIed, 1570 (vey), 1640 (uveg) and 3300 em-1 (vyy).

(¢) Formation of XVle:

A mixture of equimolar amounts of XII and broxopyruvic acid in

ethanol (36 ml.) and pyridine (30 ml.) was refluxed for 2 hr., cooled, then
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pouced into ice-cold dilute HClL. The solid obtained was crystallized
from pyridine to give X'VIe as orange erystals in about 80 9, vield (Tab-
le 2), ir (KBr) 3350 (vyg), 2950 (vomo and 1770 em-1 (vo_o)-

REACTION OF XII WITH N-BROMOSUCCINIMIDE: FORMATION
OF XVII:

A mixture of XII (0.01 mole) and N-bromosuccinimide (0.015 mole)
in dry pyridine (20 ml.) was shaked, at room temperature, for 15 min.,
poured into ice-cold dilute HCl, and the solid obtained was recrystallized
from methanol to give XVII as yellowish-brown crystals in about 60
% vyield (Table 2), ir (KBr) 3500-2920 (v. br., VoH, NH, CHp) and 1700-
1620 em-1 {ve_g) o

CYCLIZATION OF XVII: FORMATION OF XVIII:

Compound XVII (0.01 mole) in alcoholic potassium hydroxide (50
ml., 5 %) was heated under reflux for 1 hr., cooled, neutralized with di-
lute HCl and the sclid obtained was filtered, washed with little cold wa-
ter and recrystallized from pyridine to give XVIII as vellow crystals
in about 60 9, yield (Table z); ir (KBr) 1800-1700 cm—! (vcondensed
1:4-diones).
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