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CHAPTER I11
Chapter 111 describes the synthesis and antimicrobial activity of 2-(5-phenyl-1,3,4-

oxadiazol-2-ylmethylthio)-4-chloro-6-me~midine, 2-(5-phenyl-1,3,4-thiadiazol-2-

ylmethy1thio)-4-chloro-6-methylpyrimidine,2-(5-phenyl-4-amino-I.2,4-triazol-3-ylmelh-

y1thio)-4-chloro-6-methylpyrimidine,2,4-bis(5-phenyl-l,3,4-oxadiazol-2-yl1ne~ylthio)-6methylpyrimidine,

2,4-bis(5-phenyl-l,3,4-thiadiazol-2-yl1ncthylthio)-6-methylpyrimidine

and 2,4-bis(5-phenyl-4-amino1,2,4-triazol-3-ylmethylthio)-6-me1hylp~midine.
The 2-(chloromethyl)-5-phenyl-1,3,4-oxadiazole(32) was obtained by the reaction
of aryl acid hydrazide (31) with chloroacetic acid

in the presence of phosphorus

oxychloride. The reaction of 32 with thiourea in tetrahydrofuran provided 2-

(ch1oromethyl)-5-phenyl-1,3,4-thiadiazol
(33). Likewise, 3-(chloromethyl)-5-phenyl-4H1,2,4-triazol-4-amine (34) was prepared by the treat~ncnto f 32 with hydrazine hydrate in
n-butanol (Scheme 111.1).

(ii) NII,CSNH2 I TtlF /A
(iii)NH,NH,.H20 / 1 1 - B u I ~ ~ o ~

The IR spectra of compounds 32, 33 and 34 exhibited absorption bands in the
regions 1560-1587 cm" corresponding to C=N. Besides. 34 presented two absorption
bands in the regions 3454-3472and 3358-3372cm" due to NH2. The 'HNMR spectra of

32% 338 and 348 showed a singlet at S 4.90,4.70 and 4.41 due to methylene protons.
Further, 34a displayed a broad singlet at 5.35 ppm due to NH2 which disappeared on
deuteration.
On the other hand, (5-phenyl-l,3.4-oxadiazol-2-y1)methanethiol(35) was prepared
by the cyclocondensation of compound 31 with mercaptoncetic acid in the presence of
phosphorus oxychloride. Interconvertion of oxadiazole to thiadiazole was effected by
treating 35 with thiourea in tetrahydrofuran to get (5-phenyl-l,3,4-Biadiazol-2ylmethanethiol (36). Furthermore, the reaction of 35 with hydrazine hydrate in n-butan01
hmished (4-amino-5-phenyl-4H-1,2,4-triazol-3-ylmethanethiol(37)
(Scheme 111.2).

(ii) NH,CSNH, I TkIF
(iii) NH2NH,.HI0 / n-Butan01 /A

R = a ) H d)4-Br
b) 4-Me e ) 4-OMe

The

spectra of 35, 36 and 37 displayed abwrption bands in the regions 25502600 and 1559-1568 cm.' due to SH and C = N Apan h r n these, in 37 broad absorption
bands appeared in the regions 3479-3489 & 3347-3364 crn-' were assigned to NH2.Thc 'H

NMR spectra of 35a, 36a and 37a presented two singlets at d 4.35, 4.39. 4.32 and 11.05,
11.10, 11.05 corresponding to CHI and SH. The compound 37a also displayed broad
singlet at 5.42 ppm due to NH2. The signals of SH and NHz disappeared on deuteration.
The reaction of ethyl acetoacetate with thiourea in thc presence of sodium
methoxide

priduced

6-methyl-2-thioxo-2,3-dihydropyrimidin-4(IH)-one.This

on

treatment with phosphorus oxychloride resulted in 4-chloro-6-methylpyrimidine-2-ihiol
(38) (Scheme 111.3).

(i) NaOMe I MeOH / A
(ii) POCI3 I Diglyme / A

IR spectrum of 38 displayed absorption bands at 2548 (SH), 1623 (C=C) and
1572 cm-' (C=N). The 'HNMR spectrum of 38 showed three singlets at B 2.39, 6.70 and
The

1 1.08 ppm due to CH3, Cs-H and SH. The latter signal disappeared when DzOwas added.

The bis heterocyclic compounds methylthio linked bis(oxadiazolyl)pyrimidines,

bis(thiadiazolyl)pyrimidines and bis(triazolyl)pyrimidines were prepared as follows. The
reaction between compounds 32 and 38 in the presence of triethylamine in tetrahydrofuran
afforded ~-(~-ph~~y~-~,3,4-oxadiazol-2-ylmethylthio)-4-chlor~--methylpmidine
(39).
In

a

similar

way

2-(5-phenyl-l,3,4-thiadia~0l-2-ylmethylthi0)-4-~hl0~hyl-

pyrimidine (40) was obtained by the treatment of 33 with 38. Likewise 2-(5-phenyl-4~ ~ ~ ~ ~ - ~ , ~ , ~ - t r ~ a z o ~ - ~ - y ~ - ~ ~ ~ ~ y l ~ h i o ) - 4 - c h (41)
l o r owas
-6-m
synthesized
ethylpmidi
by the reaction of 34 with 38. The compounds 39, 40 and 41 were also prepared under
ultrasonication in an ultrasonic bath operating at a frequency of 35 kHz (Scheme 111.4 &
Table 111.1).

In the IR spectra of compounds 39,40 and 41 the absorption bands obsewed in the
regions 1620-1636 and 1562-1586 cm-I were attributed to C=C and C=N. Besides the
compound 41 showed an additional band in the regions 3439-3480 & 3334-3371 cm" due
to NH2 (Table 111.2). The 'H NMR spectra of 393,4011 (Fig. 111.1) and 41a exhibited three
singlets at B 2.35,2.45,2.36 (CH3); 4.42,4.51.4.53 (CHI) and 7.43, 7.42, 7.35 (Cs-H).

(i) TEA / THF / rt or US

d) 4-Br
b) 4-Me e) 4-OMe

R = a) H

The compound 41a displayed another singlet at 5.62 ppm due to NH2 which
disappeared on deuteration (Table 111.3). The "C NMR spectra of 39. showed signals at d
24.9, 34.5, 11 1.6, 160.4, 162.7, 164.9, 169.8, 173.4; 40a at (Fig. 111.2) 25.4, 35.4, 11 1.3,
160.2, 169.5, 176.8, 168.6, 174.6 and41a at 24.5, 36.5, 111.7, 160.8, 148.6, 151.8, 168.4,
173.6 Wm due to CH3, CH2, C-5, C-4, C-2'1 C-3: C-5: C-6, C-2, respectively (Table

III.3).The HRMS mass spectra of 39. (Fig. 111.3), 40. (Fig. 111.4) and 41. (Fig. 111.5)
presented M+Na peaks at m/z 341.7718. 357.8374 and 355.8018 corresponding to the
chemical compositions, C14HI,CIN40S+Na. C I ~ HFIN4Sz+Na
I
and C I ~ H I ~ C I N ~ S ~ N ~ ,
respectively.

Apart

from these, 2,4-bis(5-phenyl-l,3,4-oxadiazol-2-ylmethylthio)-6-mcthyl-

pyrimidine (42) was prepared by the reaction of 35 with 39 in the presence of a catalytic
amount of methanesulfonic acid. Similarly 2.4-bis(5-phenyl-l.3,4-thiadiazol-2-ylmethyl
thio)-6-methyl-pyrimidine

(43)

and

2,4-bis(5-phenyl-4-amino-1,2,4-triazol-3-yl-

methylthi0)-6-methyl-pyrimidine
(44) were also synthesized by the reaction of 36 with 40
and 37 with 41. The compounds 42,43 and 44 were also prepared under conventional and
ultrasonication methodologies (Scheme 111.5 & Table 111.1). It was observed that all the
target compounds were obtained in shorter reaction times with high yield under
ultrasonication when compared with the conventional method.

(i) CH,SO,H(cat) I EtOH laor US
SCHEME Ill5

R

-

d) 4-Br
h ) 4-Me e) 4-OMe

a)

The IR spectra of 42, 43 and 44 displayed abeorption bands in the regions 16181645 and 1545-1588 cm-' due to C-C and C=N. The compound 44 also exhibited
absorption bands in the regions 3433-3469

3326-3356 cm-' due to N H (Table
~
111.2).

The 'H NMR spectra of 42s (Fig. 111.6), 43a and 448 (Fig. 111.7) presented four singlets
at 6 2.34, 2.43, 2.35 (CHI), 4.41, 4.49, 4.34 (CH2-C2'), 4.44, 4.51, 4.39 (CHI-CZm)and
7.33,7.40,7.36 ppm (Cs-H). Moreover, the compound 44a displayed two broad singlets
at 5.48, 5.52 ppm due to two NH2groups of triazole rings which disappeared when DzO
was added (Table 111.3). The

'

j

NMR
~
spectra of 428 (Fig. 111.8) showed signals at

6 24.7 (CH3), 34.2, (CH2-C2') 34.7 (CH2-CP), 114.3 (C-5), 159.7 (C-2'), 161.8 (C-2"),
163.4 (C-5'), 164.2 (C-S"), 165.4 (C-6), 170.5 (C-2). 172.7 ((2-4). 43a at 25.8 (CH,), 35.2
(CH2-C2'), 35.6 (CH2-CY), I 15.6 (C-5), 165.7 (C-6), 168.6 (C-2'), 169.5 (C-2'7, 171.6,
(C-2), 172.5 (C-4), 176.8 (C-S'), 177.5 (C-5") and 448 (Fig. 111.9)

at

24.2 (CHI), 36.3

(CH2-C2t),36.9 (CH2-C2n),114.7 (C-5), 148.2 (C-3'), 149.0 (C-3"). 152.2 (C-5'). 152.9
(C-5") 164.5 (C-6), 170.8 (C-2). 172.6 ppm (C-4) (Table 111.3). In the HRMS mass

spectra of 42a (Fig. 111.10) and 44a, the M+Na peaks obscrved at d z 497.5486 and
SZ+N~
525.6076 are in agreement with their chemical compositions, C ~ ~ H I X N ~ O Zand
C23H22NIOS2+
Na. The 70 eV mass spectrum of 438 (Scheme 111.6 & Fig. 111.11)
exhibited a low intense M+ peak at mlz 506 corresponding to the molecular formula,
C23H18N6S4.
The disintegration of the M' in different modes led to the appearance of 2methyl-5-phenyl- l,3,4-thiadiazole cation ( d z 179, 2-phenyl-5-(thiocyanatomethy1)1,3,4-thiadiazole ( d z 233) and benzonitrile (m/z 103) radical cations. The phenyl cation
(m,z77) appeared with 100% intensity. Thus different daughter ions formed during the
cleavage processes conclusively supp~rtsthe structure of the compound.

TABLE 111.1
.......

.-...

Compd.

m.p.

Yield

- . . . . - . . .

Mol. formula

No.

(Mol. wt.)
--

....................

CIIHIICINIOS
(3 18.78)
C I S Ij<'IN40
~I
(332.XO)
CI~H~OCI~N~OS
353.2210
C'l4HloHd'IN4OS
(307.07)
('\<IllCIN4O:S
348.X050
('~41fll~('lN\O\S
303.77(A3
C14ltI ICIN~SZ
(334.84)
~l~ll13('lN~S~
(348.86)
C14tilo('l~N4S~
(369.28)
<'14HI(IBrCIN4S~
(41 3.73)
('IJi~~CIN~OS~
(364.86)

......

--

Found (Calcd.) O h

18.60
( 18.44)

25.41
(25.25)
24.46
(25.25)
23.07
(22.88)
20.26
(20.4 1 )
23.44
(23.16)
26.23
(25.95)
17.9 1
(17.71)
16.M
( 16.72)

15.72
(1 5.46)
13.45
(13.29)
15.96
( 15. 72)

20.12
(19.85)
16.79

(16.59)
Contd..

73
88*
80
92*

78
87*
76
92 *

77
89'

72
87*
80
92 *
70
YO*

78
89*

74
an*
79
91'

*Yields under ulrrasonication

TABLE 111.2

Compd.

No.

IR (KBr) em-'
-- -

.

.

..

C-N

1 560
1545
ISM

1561
1559
1582

I583

I so I
1579

1576
1582
1588
lSX6
1574

.
~-

--

~.

.

.

TABLE IlIJ

Compd.

No.
2.35 (s, 3H, CHI), 4.42 (s, 211. CHI), 24.9 (CHI), 34.5 (CII,), 1 1 1.6 (C-5), 160.4
7.43 (s, IH, CS-H), 7.50-7.96 (111, 5H, (('-41, 162.7 (C-2'1, lh4.9 (('-53, 169.8
Ar- H)
(C-6). 173.1 (('-2). 124.5, 126.9, 127.4,
carbons)
128.4 (~rnma~io
2.24 (s, 3H, Ar-CHI), 2.39 (s, 3H , 22.6 (Ar-Clld, 24.2 (('HI), 34.0 (CHI),
CH3), 4.40 (s, 2H. CHI). 7.42 (s. IH, 111.0 (('-5). 156.7 (('-4). 162.2 (C-27,
Cs-H),7.68-7.84 (m, 4H, Ar-H),
161.3 (('-5'). 168.7 (C-6). 172.0 (C-2),
I2I.V. 125.4, 126.7. 133.5 (amnetic
carhons)

2.41 (s, 3H, CHJ), 4.42 (s. 2H, ('HI), 25.4 (('111). 35.4 (('II,), I11.7 (C'-5), 158.6
7.45 (s, IH, Cs-H), 7.58-7.89 (IN. 414, (C-4). 163.5 (('-2'1, 165.6 (('-St), 170.6 (C(I), 174.7 (('-2). I?S.h, 124.8, 127.2. 115.5
Ar-H)
(aro~iialicciil.ho~is~
2.39 (s, 3H, CHI), 4.38 (s, ZH, CHI), 25.0 (C'Ht), 3.5, I ((.Ill), I 11.5 ((.'-5), 158.2
170.2 (C7.40 (s, IH, Cs-H), 7.65-7.73 (m,4H, (C-4). 161.1 (('-2% 165.2
0). 174.1 (('-?), 124.7, 127.5, 129.2, 137.6
A$-H)
(aromatic carbotis)
(('-$I),

2.37 (s, 3H, CHI), 3.76 (s, 3H, Ar- 23.7 (ClIi), 33.7 (('Hz), 55.4 (Ar-OCH,),
OCH3), 4.26 (s, 2H, CHI), 7.35 (s, IH, 110.7 (C-S), 156.1 (('-4), 162.7 (C-2'),
Cs-H),7.44-7.62 (m, 4ti, Ar-H)
164.9 (C-5'), 168.2 ((:-6). 172.0 (C-2),
117.5, 119.2. 122.5. 162.3 (arotnatic
cahna)
2.40 (s, 3H, CHI), 4.45 (s, 2H, CH,), 25.4 (('H!), 35.8 (CIIz), 1 1 1.8 (C-5), 158.9
7.47 (s, IH,
Cs-H), 7.96-8.27 (m,4H, (C-41, 163.8 (C-2'). 165.7 (C-5'1, 171.5
(C-6), 175.8 (C-2), 129.4, 132.4, 134.2,
Ar-H)
153.6 (aromatic c a h ~ n u )

40b

2.38
3H ,CHJ). 2.27 (s. 3H, Ar- 23.5 (Ar-CI-lr), 25.7 (C'II1), 35.7 (CHI),
CHI), 4.32 (s, 2H, CHI), 7.37 (s, 111. 110.0 (('-5). 158.0 (C-4), 168.4 (C-6). 169.2
Cs-H), 7.48-7.70 (m. 4H, Ar-H)
(C-27, 174.0 (('-2). 176.4 (C-5'). 127.4,
129.5. 130.9, I3 I .8 (aromatic c a h n s )

40c

2.43 (s, 3H. CH3). 4.40 (s. 2H. CII,). 26.5 (CHI), 35.1 (('ti:), 1 11.6 (C-S), 158.9
7.46 (s, 1 H, Cs-H), 7.58-7.87 (m, 41, (r-4). 169.2 (C-6). 170.5 (C-2'). 175.5
(('-I), 177.6 (C-S'), 123.1, 129.7. 132.1.
Ar-H)
132.5 (an)muticcarbons)

40d

2.40 (s, 3H, CHJ). 4.38 (s, 2H, Cll*), 26. I (Cl13), 30.2 ((ylll), I I 1.4 (('-5)- 158.4
7.42 (s, I H. C5-H). 7.72-7.90 (111. 411. (('-4), l68,8 (('-(I). 170. I (('-2'). l74,7 (CAr-H)
2). 177.2(('-5'). 128.9. 129.3. 131.6, 134.3
(sroniatic ci~rhons)

40e

2.32 (s, 311, CHI), 3.79 (s, 311, Ar- 24.2 (('if!), 33.5 (C'llz), 56.8 (A~-CU'IIJ),
OCH,), 4.30 (s, 2H, CHI), 7.30 (s, Ill, 1 10.0 (C-S), 157.4 (C-4), 167.5 (C-6). 168.4
Cs-H). 7.40-7.71 (m, 4H. Ar-11)
(C-2'), 173.2 (('-2). 175.7 (C-5'), 119.4,
125.8, 128.5, 160.6 (ammatic carbons)

40f

2.47 (s, 3H, CHI), 4.46 (s, 2t1, Cllz), 27.7 (CHI), 37.2 (CIIz), 1 1 1.9 (('-5). 159.5
7.48 (s, IH, CS-H), 8.02-8.28 (m, 4H, (C-4), 169.7 ((1-6), 170.8 (C-23, 176.2 (C2), 178.5 (C-5'), 128.8, 130.9, 132.2, 147.9
Ar-H )
(aromatic carbonu)

418

2.36 (s, 3H. CHI), 4.53 (s, 21l. ('Ii:), 24.5 (('fir), 36.5 (C'lil), 1 1 1.7 (("-5). 148.6
5.62 (bs, 2H, NU2), 7.35 (s, Ifl, CI-H), (C-3'). 15I.X (C-5'), 1603 (C-4), 168.4 (C6). 173.6 (('-2). 125.6, 127.8, 128.4, 129.5
7.57-7.76 (m. 5H. Ar-H)
(ammatic carbons)

(st

41b

2.23 (s* 3H, Ar-CHj), 2.32 (s. 3H
*CHdq4.28 (sl 2H, CH2). 5.54 (hs. 2H,
NH2)* 7.32
IH, CS-H),7.56-7.87 (In,
4H, Ar-H)
($9

22.4Ar-l'fl,). 24.0 (C}{,). 35.4 (CHI),
110.3 (c-5). 148.0 (c-)'), 151.3 (c-S'),
152.5 (C-4). 168.6 (C-6), 173.6 (C-2),
125.7, 127.5, 129.5, 131.7 (aromatic
cshclns)

41c

2.41 (st 3Hl Cfi~),4.39 (s, ?H, Cli!), 25.4 (C113), 36.7 ((')I!), 1 1 1.5 (('-S), 149.7
5.62 (bs, 2H, NHz), 7.43 (s, Ilt. <'$-ti), (C-3'). 152.5 (('.st), 153.4 (red), 169.8
7.65-7.96 (m, 4H, Ar-H)
(('-6). 174.4 (C-2). 123.4, 129.6, 132.1.
134.5 (ammn~iccnrhts)

41d

2.37 (s, 3H, CHI). 4.35 (s. ZH, Cli?), 24.7 ( ~ l t , ) 36.2
, ( c ~ I ~I)11.0
, ( ~ - 5 )149.2
~
5.60 (bs, 2H. NH?). 7.40 (s. I H. ('5-11). ((:-3'). 151.6 (C-5'). 152.6 (C-4), 169.2
(('-61, 173.6 (1'-Z), 178.7, 128.0, 120.3,
7.63-7.78 (m.4H. Ar-Il)
134.2 (amnrntic carbons)

41e

2.30 (s, 3H. Cli.~),3.72 (s, 311, ArOCH,), 4.25 (s, 2t1, Cllz). 5.40 (hs,
2H, NH?), 7.30 (s, 114, ('$-I{), 7.38. Ar-1-1)
7.67 ( ~ n4H.

411

2.43 (s, 3H, CHI), 4.41 (s, 211, Cll!), 26.6 (Cll,). 37.5 (C'lII), 112.6 ((.-5), 150.4
5.65 (bs, 2H, NH2), 7.49 (s, I ti, ('5-11).
(('-3'). 153.5 (('-5'), 154.6 (C-4), 170.5
( ( ' . h ) , 175.6 (C-Z), 122.4, 127.0, 136.7,
8.07-8.38 (ni, 411. Ar-It)
147.2 (aromatic carbons)

42a

34.2 (('fil-(.'2.), 34.7 (CHI-C2.),
2.34 (s, 3H, CHI), 4.41 (s, 211, CH2- 24.7 (CI~J),
C2*),4.44 (s, 2H, CHI-C2-), 7.33 (s, 114.3 (C-51, 159.7 (('-2'). 161.8 (C-2"),
163.4 (<:-5'), 164.2
165.4 (C-61,
IH, Cs-H), 7.65-7.87 (m, 10)1, Ar-11)
170.5 ((1-2). 172.7 (('-4).
123.0, 123.6
126.2, -126.'6, 127.5, 12d.2, 129.3, 129.7
(aromatic c a h ~ n s )

24.1 (C'tl,), 35.1 (('tll), 55.2 (Ar-(KIIl),
110.7 (('-5). 147.8 (('-3'). 150.3 (C-5'),
151.4 (('-4), I0X.O (C-6), 172.5 (C-2),
110.5, 122.7. 131.4. 160.7 (aromatic

(('-5")t

42b

2.24 & 2.29 (s, 6H, Ar-CHI), 2.32 (s, 22.3 & 22.8 (Ar-(:HI), 24.0 (CH1), 35.0
3H, CHI), 4.25 (s, 2H, CHI-Cr.).4.28 (CHzXz*), 35.6 (CIlz-C2-), 113.7 (C-5),
(s, 2H, CH2-Cz.), 7.30 (s, IH, C.5-H), 159.4 (C-2% 160.3 (C-2"), 163.0 (C-Sf),
163.8 (C-5"). 165.3 (C-6), 170.1 (C-2),
7.45-7.76 (m, 8H, Ar-fl)
172.2 (C-4), 121.2, 121.8, 124.6, 125.8,
126.5. 127.2. 132.9. 133.6 (aromatic
carbons)
Contd...

42d

2.30 (s, 3H, CHI), 4.29 (s, ?H, CHI- 25.2 (CH,), 36.1 (('!i2-CI.), 36.5 (CHIC2.)
C23,4.34 (s, 2H, CHz-C2-). 7.37 (s. 1 H. 114.7 (C-S), 159.6 (C-2'), 161.2 (C-2"))
C5-H), 7.72-7.90 (m, 8H, Ar-H)
162.7 (('-5'). 163.0 (C-S"), 166.0 ((2-6).
17 1 .O (('-2). 173.3 (C'-4), 124.2, 124.9,
127.1, 127.9, 129.0, 129.8, 137.2, 137.9
(aronlil~iccurhons)

42e

2.29 (s. 3H. CHI). 3.75 & 3.70 (s. 611.
Ar-OCHI), 4.22 (s, 2H, CHI-C.,), 4.27
(s, 2H, CHz-Cp), 7.35 (s, IH, C'5-I!),
7.56-7.74 (m,8H. Ar-H)

42f

23.6 (('10). 34.0 (('t11-<'2t),35.0 (CH2-CI~).
54.2 R: 54.9 (Ar-OWr), 113.0 (C-51, 159.4

(('-2'). I(A).I (('-2"). 162.8 (C-S"), 163.6
(('-5'). 104.2 (('-6). 100.6 (('-2). I7 I .6 (C4). 117.2. 117.0, 119.2, 110.8, 122.3, 122.9,
IO1.I. 103.8 (uromi~ticcwrhona)

2.38 (s, 3H,CH,), 4.34 (s, 21-1,Cli2-Clm). 35.0 (Cli1), 37.2 (Ck12-('I,),37.6 (CHI-Cp),
4.39 (s, 2H, CH2-C2m),7.46 (s, 111. ('$- 116.8 (('-5). 160.7 (C-2'), 161.6 (C-2"),
163.7 (('-5'), 164.5 C-S"), 167.2 (C-6),
H), 8.02-8.17 (m,8H,Ar-H)
171.9 (('-2), 174.5 (C-4), 129.6, 130.2,
132.2, 132.9, 134.1, 134.7, 152.7, 153.8
(arontalic c a b n u )

43a

2.43 (s, 3H, CHI), 4.49 (s, 2H, Cf12- 25.8 (CH,), 35.2 (('H2C1'), 35.6 (CH2-C1*),
C2n),4.51 (s, 2H, CHI-Cy), 7.40 (s, I 11, 1 15.6 (<'-5), 165.7 (C-6), 168.6 (C-2'),
160.5 (('-2"), 171.6, (('-21, 172.5 (C-4),
C5-H),7.60-7.78 (m, 10H, Ar- H )
176.8 (Cq-S),177.5 (C-5"), 127.2, 128.4,
129.2, 129.8, 130.4, 131.2, 133.4, 133.9
(aromatic carbow)

Contd....

4%

2.29

2.32 (s* 6H. Ar-CH,). 2.38 (s.
CH3). 4-26
CHI-C~). 4.28
(s3 2H, CHrCz.), 7.34 (s. IH. Cr-H).
7.42-7.68 (m,8H,Ar-H)
3H9

43c

(sq

21.7 & 22.5 (Ar-CI(,), 25.7 (('[II),
36.2
(CH:-C?), 37.0 (CHIC2-), 115.0 (C-5),
165.1 (C-61, 168.2 (C-?I), 168.9 (C-2"),
171.2 (C-2), 173.4 (C-4), 175.6 (C-S'),

2-46 (s, 3H, CHd, 4.35 (s, 2H, CH2- 26.4 (Ctll), 37.4 (CHI.CI!), 3H,6 (CHI-Cy),
CT),4.39 (s, 2H, CHI-Cp), 7.64-7.88 1 16.7 (C-S), 166.8 ((*-b), 168.6 (C-2"),
(m,8H, Ar-H), 7.45 (s, 1 H, Cs-ti)
170.1 (('-29, 172.7 (('-2), 174.5 (C-4),
177.5 (('-5'). 178.2 (C-S"), 123.5, 124.3,
120.2, 129.9, 131.6, 132.3, 134.2, 134.8
(aromatic carh\ns)

43d

2.43 (s, 3H, CHI), 4.30 (s, 214, CH?- 2O.I ((*tl\), 37.2 [C!ll-C2n), 38.2 (('142-Cl*),
C29). 4.34 (s, 2H, CH2-Cy), 7.41 (s, 114, 1 16.0 (C-5). 106.2 (C-6), 169.5 (C-2'),
CS-H),7.71-7.96 (ni, 8H, Ar-It)
160.7 (('-2"), 172.1 (('-2). 174.0 (C-4),
176.7 (('-St), 177.3 (('-S"), 127.8, 128.4,
120.2, 130.H, 130.4. 111.6, 111.8, 134.5

43e

3.78 & 3.81(s, 6H, Ar-OCH3), 2.32 (s,
3H, CHJ), 4.22 (s, 2H, C'H2-C2.),4.26
(s, 2H, CH2-C2", 7.32 (s, IH, Cs-ti).
7.36-7.67 (m,8H, Ar-H)

43f

2.49 (s, 3H, CHj), 4.38 (s, 2H, CI11- 26.9 (CIlj), 38.2 (C1f2-C2'),38.7 (CHI-Cr),
C2*),4.40(s, 2H, CHrCr), 7.48 (s, 111, I 17.0 (('-5), 167.8 (('-6), 169.4 (C-27,
170.8 (('-2"), 173.4 (('-2). 174.8 (C'-4),
C5-H). 8.03-8.25 (m. 8H, Ar-ll)
178.3 (<'-S'), 178.9 ((1-5"), 128.2, 128.9,
130.2, 131.2, 132.4, 133.2, 147.2, 147.8
(ammatic c a h n s )

25.2 (('li~), 35.4 (Cliz-Cr), 36.4 (CHI-CI*),
55.3 Rr 55.9 (Ar-(M'HI), 114.6 (C-S), 1646
(('-6), 167,4 (C-T),
16X.7 (('-2"), 170.6 (C?), 172.6 (('-4), 175.4 (('-5'). 176.2 (C-5")'
113.7. 114.6, 125.7, 120.4, 128.2, 128.9,
150.7, 160.4 (aromatic carbonu)

Contd...

44a

2.35 (s, 3H,CH,), 4.34 (s, 2H, CH2-C?),
4.39 (s, 2H, CH2-C2-), 5.48 (bs, 2H,
NH2), 5.52 (bs, 2H, NH2-), 7.36 (s, IH,
CS-H), 7.55-7.73 (m, IOH, Ar- H)

24.2 (CHI), 36.3 (CHz-Cp), 36.9 (CH2-C2*),
114.7 (C-5), 148.2 (C-39, 149.0 (C-3"),
152.2 (C-St), 152.9 (C-5'') 164.5 (C-6),
170.8 (C-2), 172.6 (C-4), 125.2, 125.7,
127.4, 127.9, 128.3. 128.8, 129.2, 129.8
(aromatic carbons)

44b

2.26 & 2.31 (s, 6H, Ar-CHI), 2.41 (s,
3H ,CHI), 4.21 (s, 2H, CH2-Cp), 4.23
(s, 2H, CH2-Cp), 5.46 (bs, 2H, NH2),
5.50 (bs, 2H, NHz), 7.32 (s, I H, CrH),
7.65-7.96 (m, 8H, Ar-H)

21.2 & 22.6 (Ar-CHI), 25.1 (CHI), 33.7
(CH2-C3'), 34.0 (CH2-Cy), 114.2 (C-5),
148.6 (C-3"), 149.2 (C-37, 152.0 (C-5"),
152.7 (C-S), 164.0 (C-6), 170.4 (C-2),
171.8 (C-4), 124.6, 125.4, 126.8 127.9,
128.4, 129.2, 131.0, 131.8 (aromatic
carbons)

4 4 ~ 2.43 (s, 3H, CHI), 4.30 (s, 2H, CH2- 26.3 (CH3), 35.5 (CHz-Cy), 35.9 (CHI-Cy),

C29, 4.34 (s, 2H, CH2-C2"), 5.53 (bs, 1 15.8 (C-5), 149.8 (C-3'), 150.6 (C-37,
2H, NH2), 5.58 (bs, 2H, NH2), 7.44 (s, 152.0 (C-S'), 153.0 ((2-57, 165.6 (C-6),
IH, Cs-H), 7.74-7.86 (m, 8H, Ar-H)
171.7 (C-2), 173.5 (C-4), 122.7, 123.5,
128.9, 129.5, 132.2, 132.8, 134.6, 135.2
(aromatic carbons)
44d

2.40 (s, 3H, CHJ), 4.26 (s, 2H, CH2C2'), 4.29 (s, 2H, CH2-C2n),5.49 (bs,
2H, NH?), 5.57 (bs, 2H, NHz), 7.41 (s,
1H, C5-H), 7.67-7.86 (m, 8H, Ar-H)

26.0 (CHI), 35.0 (CH2-Cy), 35.7 (CH2-Cy),
1 15.3 C-S), 149.1 (C-3'), 150.0 (C-3"),
152.4 (C-St), 153.3 (C-5"), 165.2 (C-6),
171.2 (C-2), 172.8 (C-4), 128.2, 128.8,
129.4, 129.9, 130.1, 130.7,133.7, 134.5
(aromatic carbons)

44e

2.31 (s, 3H, CHI), 3.70 & 3.74 (s, 6H,
Ar-OCH,), 4.19 (s, 2H, CHI-CT), 4.24
(s, 2H, CH2-CY),5.41 (bs, 2H, NHz),
5.48 (bs, 2H, NH2), 7.30 (s, IH, Cs-H),
7.47- 7.78 (m, 8H, Ar-H)

24.6 (CH,), 33.3 (CH2-Cy), 34.5 (CHz-Cy),
54.2 & 55.2 (Ar-OCH,), 113.7 (C-5), 148.0
(C-37, 148.8 (C-3")' 150.5 (C-S'), 151 .O
(C-5"), 163.6 (C-6), 169.4 (C-2), 171.0
(C-4), 115.6, 116.4, 122.3, 122.9, 1231.2,
131.9, 160.2, 160.8 (aromatic carbons)

44f

36.8 (CHI-Cy),
2.45 (s, 3H, CHI), 4.33(s, 2H, c H 2 - c ~ ) 26.8
~ (CHI), 36.3 (CH~-CI~),
1
16.5
(C-5),
149.3
(C-37,
150.2 (C-3"),
4.36 (s, 2H, CH2-Cl*),7.46 (s, I H, Cs153.4
(C-5'),
154.7
((2-57,
164.8 (C-6),
H), 5.60 (bs, 2H, NHz), 5.64 (bs, 2H,
172.5 (C-2), 174.0 (C-4), 12 1.6, 122.2,
NH2), 8.05-8.20 (m, 8H, Ar-H)
127.2, 127.9, 135.6, 136.4, 147.2, 147.9
(aromatic carbons)
- ... . .- .. --.

EXPERIMENTAL

The preparation of this compound involves the following steps.
(i) Esterification of aromatic acid

(ii) Reaction of aromatic ester with hydrazine hydrate
(iii) Cyclocondensation of arylacid hydrazide with chloroacetic acid
i) Preparation of aromatic ester

In a 250 ml round-bottomed flask fitted with a rcflux condenser,
aromatic acid (0.10 rnol), methanol (20 ml) and concentrated sulfuric acid (2 ml) were
taken and refluxed on a water bath for 5-7 hrs. The reaction mix;ure was cooled and
poured onto crushed ice. The separated solid was collected on a Buchncr funnel, washed
with cold water and dried. The crude ester was distilled or recrystallized from methanol to
get pure methyl benzoate (87%), b.p. 197-199°C (lit."' 199°C); methyl 4-methylbenzoate
(79%), m.p. 33-35°C (lit."' 34OC); methyl 4-chlorobenzoate (89%), m.p. 40-43OC (lit.""
44°C).
ii) Preparation of arylhydrazide (31)
The aromatic ester (0.01 mol), hydrazine hydrate (0.02 mol) and methanol (30 ml)
were taken in a 100 ml round-bottomed flask fitted with a reflux condenser and refluxed on
a water bath for 8-10 hrs. The contents were cooled and poured onto crushed ice. The solid
separated was filtered on a Buchner funnel, washed with cold water, dried and
recrystallized from methanol to get pure bet~ohydrazide(74%), m.p. 1 10- I 12°C (lit.

1 12-114°C); 4-methylbenzohydrazide (70%), m.p. 1 17- 1 19°C
4-~hlorobenzoh~drazide
(76%), m.p. 161- 163°C (lit.""

]I4

it."^"'^

1 16-1 1 8°C); and

163-1 6S°C).

iii) 2-(Chloromethy1)-5-aryl-1,3,4-oxadiazole (32)
A mixture of arylhydrazide (31) (0.01 mol), chloroacetic acid (0.01 mol) and

phospholus oxychloride (7 mi) was taken in a 100 ml round-bottomed flask fitted with
reflux condenser canying a calcium chloride guard-tube and refluxed for 2-3 hrs. The

excess phosphorus oxychloride was removed under reduced pressure and the residue was

poured onto crushed ice. The resulting precipitate was filtered, washed with saturated
sodium bicarbonate solution and then with water, dried and recrystallized from ethanol.
The compounds obtained accordingly are given in Table 111.4.
TABLE 111.4

m.p.

Yield

R

ec)

(%)

Br

127- 129

71

OMe

110-112

69

NO2

144-146

73

Compd.
NO.

2-(Chloromethy1)-5-aryl-1,3,4-thiadiazol
(33)
The 2-(chloromethy1)-5-aryl-1,3,4-oxadiazole (32)(0.01 mnl), thiourea (0.04 mol)
and tetrahydrofuran (5 ml) were taken in a sealed tube and heated at 120-150°C in an oil
bath for 15-18 hrs. After the reaction was completed, it was extracted with
dichloromethane. The organic layer was washed with water, brine solution and dried over
anhydrous Na2S04. The resultant solid was recrystallized from methanol. All the
conpounds

in a similar way are shown in Table 111.5.

TABLE 111.5

Compd.

m.p.

Meld

NO.

R

ec)

(%)

33a

H

86-88

71

33e

OMe

100-102

76

(32) (0.01 mol) in nTo a solution of 2-(chloromethy1)-5-aryl-1,3,4-oxadiazole
butanol (10 ml) taken in a 100 ml round-bottomcd llask fitted with a reflux condenser.
hydrazine hydrate (0.06 mol) was added and retluxed for 5-7 hrs. Then, potassium
hydroxide (0.04 mol) was added to the reaction media and the precipitate formed was
filtered. The solid obtained was acidified with concentrated hydrochloric acid to pH"3 and
washed with water. It was dried and recrystallized from ethanol. The physical data of the
compounds synthesized adopting similar procedure is listed in Table 111.6.
TABLE 111.6

Compd.

-

m.p.

Yield

NO.

R

ec)

34a

H

129-130

74

34e

OMe

115-1 17

72

A mixture of arylhydrazide (31) (0.01 mol). mercaptoacetic acid (0.01moll and

phosphorus oxychloride (7 ml) was taken in a 100 ml round-bottomed flask fitted with a
reflux condenser, carrying a calcium chloride guard-tube and refluxed for 2-4 hrs. The
excess phosphorus oxychloride was removed under vacuum and the residue was poured
onto crushed ice. The resulting precipitate was filtered. washed with saturated sodium
bicarbonate solution followed by water, dried and recrystallized from ethanol. The
compounds thus obtained are given in Table 111.7.
TABLE 111.7

Compd.
No.

Yield

m.p.

R

ec)

.

-.

-

(%)
.

~

358

H

134-136

70

3Se

OMe

130-132

68

In a sealed test tube, a mixture of 5-phenyl-l,3,4-oxadiazol-2-y1)methanethiol(35)
(0.01 rnol), thiourea (0.04 mol) and tetrahydrofuran (5 ml) was taken and heated at 120150°C in an oil bath for 14- 16 hrs. After the reaction was completed, it was extracted with
dichloromethane. The organic layer was washed with water, brine solution and dried over
anhydrous Na2S04. The resultant solid was recrystallized from methanol. All the
compounds prepared in a similar way are presented in Table 111.8.

TABLE 111.8
-- ---..

m.p.

Compd.
R

No.

--

...

.. .

--

Yield

ec)

-

H

36a

--

. . (%I
.

150- 152

---

.

--

- -

.

.- .

69

--

.... "

(4-Amino-5-phenyl-4H-1,2,4-triazol-3-yl)methanethol(37)
To a solution of 5-phcnyl-l.3,4-oxadiazol-2-yl)1ncth;1ncthiol
(35) (0.02 mol) in nbutanol (10 ml) taken in a 100 1111 rountl-bottomed llask littd with a rcflux condaiscr,
hydrazinc hydratc (0.06 mol) was added and rcfluxcd tbr 0 - 8 hrs. 'l'liai, potassium
hydroxide (0.04 mol) was added to the reaction nicdia and the prccipitatc formed was
filtered. The solid obtained was acidified with concentratcd hydrochloric acid to pHz3 and
washed with water. It was dried and recrystallized from ethanol. The physical data of thc
compounds prepared in a similar way is listed in Table 111.9.
TABLE 111.9

Compd.

-

----

R

-

m.p.

ec)-

No.
37a

H

180-1 82

37b

Me

165-162

3 7 ~

CI

196- 198

37d

Bf

189-191

37e

OMc

172-174

37f

NO2

202-204

Yield

.

A solution of sodium methoxide (0.01 mol) in methanol (20 ml) was taken in a 100
ml round-bottomed flask fitted with a retlux condenser carrying a calcium chloride guard-

tube. To this thiourea (0.01 mol) and ethyl acetoacetate (0.01 mol) were added and
refluxed for 8 hrs. After completiori of the reaction. the contents of the flask were cooled
and diluted with acetic acid (5 ml). The resultant solid was scparatcd by filtration, washed
H)-one. To a
with water and dried to obtain 6-methyl-2-thioxo-2,3-dihydropyrimidin-4(I
suspension of latter compound (0.01 mol) in diglyrne (5 ml) taken in a 100 ml roundbottomed flask fitted with a reflux condenscr carrying a calcium chloride guard-tube,
phosphorus oxychloride (0.035 mol) was added and retluxed for 2 hrs. Then the contents
were cooled to room temperature, poured into 10% K2C03solution (30 ml) and stirred for

I hr. The solid separated was filtered, washed with water. dried and recrystallized from 2propanol to get pure 4-chloro-6-methylpyrimidine-2-thiol (67%) m.p. 203-205OC (lit."*
204-206OC).

Conventional method
In a 100 ml round-bottomed flask fitted with a calcium chloride guard-tube, 4chloro-6-methylpyrimidine-2-thiol (38) (0.01 mol), dry tetrahydrofuran (6 ml) and
triethylamine (0.2 ml) were taken and stirred for I hr. To this 2-(ch1oromethyl)-5-phenyl1,3,4-oxadiazole (32) (0.01 mol) dissolved in dry tetrahydrofuran (5 ml) was added
dropwise and continued stirring at room temperature for 13-17 hrs. After completion of
the reaction (monitored by TLC), the reaction mixture was poured onto crushed ice and
extracted with dichloromethane. Thc solvent was removed under reduced pressure and the
resultant residue was purified by column chromatography (silica gel, 60- 120 mesh) using
ethyl acetate-hexane (19) as eluent. The compounds synthesized accordingly are listed in
Table 111.10.
Ultrasound metbod
To a solution of 4-chloro-6-mcthylpyrimidine-2-thiol
(38) (0.Olmol) in dry
tetrahydrofurn (4 ml) taken in a 100 ml round-bottomed flask fitted with a reflux

condenser carrying a calcium chloride guard-tube, triethyltunine (0.2 ml) was added and
subjected to ultrasound irradiation for 10-15 min at room temperature. To this, 2(ch1oromethyl)-5-phenyl-1,3,4-oxadiazole(32) (0.Olmol) in dry tetrahydrofuran (3 rnl)
was added dropwise and again subjected to ultrasound irradiation at room temperature for
85-90 min. The progress of the reaction was monitored by TLC. Afler completion of the
reaction, the contents of the flask were poured onto crushed ice and extracted with
dichloromethane. Removal of the solvent under vacuum gave a residue which was purified
by column chromatography (silica gel, 60-120 mesh) using ethyl acetate-hexane (1:3) as

eluent. All the compounds prepared in a similar method arc: given in Table 111.10.
TABLE 111.10

Compd.

R

Yield (*A)

m.p.
""

ec)

NO.

39e

OMe

128- 130

.-

--.

.

~

Conventional
Ultrasound
m c t h . 0 d - - - method

81

91

~-(5-Phenyl-1,3,4thiadiazol-2yl-metbylthio)4-chlormethylpyrimidine (40)
Conventional method
A mixture of 4-chloro-6-methylpyrimidine-2-thiol (38) (0.01 mol), dry

tetrahydrofuran (6 ml) and triethylamine (0.2 ml) was taken in a 100 mi round-bottomed
flask fitted with a reflux condenser carrying calcium chloride guard-tubc and stirred for I
hr. To this, 2-(chloromethy1)-5-phenyl-1,3,4-thadiazole (33) (0.01 mol) dissolved in dry
tetrahydrofuran (5 ml) was added dropwise and continued stirring at room temperature for
15-17 hrs. After completion of the reaction, the contents were poured onto crushed ice and
extracted with dich]oromethane. The solvent was removed in \ l u ~ t ~The
o . resultant residue

was purified by column chromatography (silica gel, 60-120 mesh) using ethyl acetatehexane (1 :3) as eluent. The compounds thus obtained are shown in Table 111.11.
Ultrasound method

To a solution of 4-chlom-6-methylpyrimidine-2-thiol (38) (0.Olmol) in dry
tetrahydrofuran (4 ml), taken in a 100 ml round-bottomed flask fitted with a reflux
condenser carrying a calcium chloride guard-tube, triethylamine (0.2 ml) was added and
subjected to ultrasound irradiation for 3-5 min at room temperature. To this, 2-

(ch1oromethyl)-5-phenyl-1,3,4-thadiazole
(33) (O.Olmol), in dry tetrahydrofuran (3 ml)
was added dropwise and again subjected to ultrasound irradiation at room temperature for
100-120 min.The progress of the reaction was monitored by TLC. Atler completion of the
reaction, the reaction mixture was poured onto crushed ice and extracted with
dichloromethane. Removal of the solvent under vacuum gave a residue which was purified
by column chromatography (silica gel, 60-120 mesh) using ethyl acetate-hexane (1:3) as
eluent. The physical data of the compounds synthesized in a similar way is presented in
Table 111.11.
TABLE 111.1 I
Compd.

R

No.

Yield (%)

m.p.

ec,

--

--

-- -- -.

Conventional
method

Ultrasound

method

40~

CI

150-153

74

89

40d

Br

164-166

79

91

40e

OMe

145-147

77

84

40f

NO2

156-158

79

90

5-Phenyl4amino-1,2,~triazol-3yl-metbyltio-chlomethylpyrimidlne(41)
,nventional method
A mixture of 4-chloro-6-methylpyrimidine-2-thiol (38) (0.01 mol), dry
rahydrofuran (6 ml) and triethylamine (0.2 ml) was taken in a 100 ml round-bottomed
sk fitted with a reflux condenser canying a calcium chloride guard-tube was stirred for I

To this, 2-(chloromethy1)-5-phenyl-1,2,4-triazole(34) (0.01 mol), dissolved in dry
rahydrofuran (5 ml) was added dropwise and continued the stirring at room temperature
14-15 hrs. At?er completion of the reaction, the contents of the flask were poured onto

shed ice and extracted with dichloromethane. The solvent was removed under reduced
:ssure and the resultant residue was purified by column chromatography (silica gel, 603 mesh) using ethyl acetate-hexane (1:3) as eluent. All the compounds obtained adopting
: similar procedure

are given Table 111.12.

trasound method
TO a solution of 4-chloro-6-methylpyrimidine-2-thiol (38) (0.01111ol) in dry
rahydrofuran (4 ml), taken in a 100 ml round-bottomed flask fitted with a reflux

denser carrying a calcium chloride guard-tube triethylamine (0.2 ml) was added and
~jected to ultrasound irradiation for 3-5 min at room temperature. To this, 2-

1loromethyl)-5-pheny1-1,2,4-triazole
(34) (0.Olmol) in dry tetrahydrohran (3 ml) was
led dropwise and again subjected to ultrasound irradiation at room temperature for 85-

5 min. The progress of the reaction was monitored by TLC. Afier completion of the
d o n , the reaction mixture was poured onto crushed ice and extracted with
:hloromethane. Removal of the solvent with a rotary evaporator gave a residue which
s purified by column chromatography (silica gel, 60-120 mesh) using ethyl acetatevane (1:3) as eluent. All the compounds prepared by following the same method are

ted in Table 111.12.

TABLE 111.12
Compd.

Yield (%)

m.p.

No.

ec)

-----

Conventional
method

Ultrasound

---

H

117-1 19

80

88

OMe

158-160

74

91

41a

41e

method

2,4-Bis(5-phenyl-1,3,4-oxadiazol-2-ylmethy1thio)-~metl1~l~~~midine
(42)
Conventional method
To a solution of 2-(5-phenyl-1,3,4-oxadiazulc-2yI-111e1hylthio)4-chloro-6-methylpyrimidine (39) (0.01 mol) in dry ethanol (4 mi) taken in a 100 ml round-bottomed flask
fitted with a reflux condenser canying a calcium chloride guard-tube and equipped over a
heating mantle, (5-phenyl-l,3,4-oxadiazol-2-y1)mcthanethiol(35) (0.01 1 mol) and a
catalytic amount of methanesulfonic acid (0.2 ml) were added. The reaction mixture was
heated at 50 OC for 4-5 hrs. The progress of the reaction was monitored by TLC. After
completion of the reaction, it was allowed to cool. diluted with water (1 5 ml) and extracted

with ethyl acetate. The organic layer was washed with water, brine and dried over
anhydrous Na2S0,.The solvent was removed itr tucuo. The resultant residue was purified
by column chromatography (silica gel, 60-120 mesh) using ethyl acetate-hexane (1:3) as
eluent. All the compounds prepared in a similar way are shown in Table 111.13.
Ultrasound method
In a 100 ml round-bottomed flask fitted with reflux condenser carrying a calcium
chloride

guard-tube,

2-(5-phenyl-l,3,4-oxadiaml-2yl-methylthio)4-~h1oro-6-methyl-

pyrimidine (39) (0.01 mol), (5-phenyl-l,3,4-oxadiazol-2-yl)methanethiol(35)
(0.01 1 mol),
dry ethanol (3 ml) and a catalytic amount of methanesulfonic acid (0.2 ml) were taken and

kept under ultrasonication for 40-50 min at 40

OC.

The progress of the reaction was

monitored by TLC. After completion of the reaction, the contents of the flask were cooled,
diluted with water and extracted with ethyl acetate. The organic layer was washed with
water, brine and dried over anhydrous Na2SO4 The solvent was removed under vacuum
and the resultant residue was purified by column chrolnatography (silica ge1,60-120 mesh)
using ethyl acetate-hexane (1:3) as eluent. The physical data of the colnpounds thus
synthesized is presented in Table 111.13.
TABLE 111.13

Compd.

m.p.

R

No.

Yield (%)

("1

-

Conventional
method
-

42e

183-185

OMe

...

.. .

82

. ... . .
.

- .

Ultrasound
method
.-. .-- -

90

2,4-Bis(5-phenyl-1,3,4-thiadiazol-2-ylmethylthiomethylpymidne (43)
Conventional method

A

mixture

of

2-(5-phenyl-1,3,4-oxadiazole-2yl-methylthio)4-chloro-6-

methylpyrimidine (40) (0.01 rnol), (5-phenyl- l.3,4-thadiazol-2-yl)methanethiol(36)(0.01 1
mol), dry ethanol and a catalytic amount of methanesulfonic acid (0.2 ml) was taken in a
100 ml round-bottomed flask fitted with reflux condenser, carrying a calcium chloride
guard-tube. The reaction mixture was kept under magne~icstimny and heated at 50 "C for
6-7 hrs. The progress of the reaction was monitored by TLC. AAer completion of the

reaction, the reaction mixture was allowed to cool, diluted with water ( I 5 ml) and extracted
with ethyl acetate. The organic layer was washcd with water, brine and dried over
anhydrous Na2S04, The solvent was removed with a rotary evaporator. The resultant

residue was purified by column chromatography (silica gel, 60-120 mesh) using ethyl
acetate-hexane (1:3) as eluent. The compounds thus prepared are listed in Table 111.14.

Ultrasound method
The

2-(5-phenyl-1,3,4-oxadiazole-2yl-methyl-

(40) (0.01 mol), (5-phenyl-l,3,4-thadiazol-2-yl)methanethiol(36)
(0.01 1 mot), dry ethanol

(3 rnl) and a catalytic amount of methanesulfonic acid (0.2 ml) were taken in a 100 ml
round-bottomed flask fitted with reflux condenser carrying a calcium chloride guard-tube
and kept under ultrasonication for 50-57 min at 40 OC. The progress of the reaction was
monitored by TLC. After completion of the reaction, the contents of the flask were cooled,
diluted with water and extracted with ethyl acetate. The organic layer was washed with
water, brine and dried over anhydrous Na2S04. The solvent was removed under reduced
pressure. The resultant residue was purified by column chromatography (silica gel, 60- 120
mesh) using ethyl acetate-hexane (1:3) as eluent. The compounds prcpared accordingly are
given in Table 111.14.

TABLE

111.14

--- Compd.

R

ec)

NO.

43e

m.p.

OMe

190- 192

--

>
.

..- ..- -

-- -

--

Yield (%)

--

-

-- --

ConvenHonal
method

Ultrasound
method

76

92

1,4-Bis(5-phenyld-amino-1,2,4-triazol-3-ylmethylthi0~6-methylpyrimidine
(44)
Eonventionel method
In a 100 ml round-bottomed flask fitted with a retlux condenser carrying a calcium
zhloride guard-tube and equipped over a heating mantle, 2-(5-phenyl-4-amino-1,2,4riazol-3yl-methylthio)4-chloro-6-methyl-pmidine (41) (0.01 mot), 4-amino-5-phenyl-

tH-l,2,4-triazol-3-y1)methanethiol(37) (0.01 1 mol), dry ethanol (7 ml) and a catalytic
mount of methanesulfonic acid (0.2 ml) were taken and heated at 50 "C for 5-6 hrs. The
Jrogress of the reaction was monitored by TLC. Atler completion of the reaction, the
:ontents were allowed to cool, diluted with water (I5 ml) and extractxl with ethyl acetate.
The organic layer was washed with water, brine and dried over anhydrous NazSO4. The
solvent was removed under vacuum. The resultant residue was purified by column
:hromatography (silica gel, 60-120 mesh) using ethyl acetate-hexane (l:3) as eluent. The
:ompounds thus prepared are listed in Table 111.15.

Ultrasound method
A mixture of 2-(5-phenyl-4-amino-I,2.4-triazol-3yl-1ncthyltl~io)4-cl~loro-6-~ncthyl-

pyrimidine (41) (0.0 1 mol), 4-amino-5-phenyl-4H- I ,2,4-triazol-3-y1)methanethiol (37)
:0.011 mol), dry ethanol (7 ml) and a catalytic amount of rnethanesulfonic acid (0.2 ml)
was taken in a 100 ml round-bottomed flask fitted with a reflux condenser, carrying a
:alcium chloride guard-tube. The contents were sonicated under ultrasonication bath for
10-65 min at 40 O C . The progress of the reaction was monitored by TLC. ~ n ecompletion
i

3f the reaction, it was cooled, diluted with water and extracted with ethyl acetate. The
~ r g a n i clayer was washed with water, brine and dried over anhydrous NazSO,, The solvent
was removed in vaaro. The resultant residue was purified by column chromatography
(silica ge1,60-120 mesh) using ethyl acetate-hexane (1:3) as eluent. The physical data of

the compounds thus obtained is given in Tablc 111.15.

TABLE 111.15

Compd.

R

ec)

No.

44e

m.p.

OMe

202-204

Yield (%)
Conventional
method

Ultrasound

74

88

method

ANTIMICROBIAL ACTIVITY
The

compounds

2,4-bis(5-phenyl-l,3,4-oxadiazol-2-ylmethylthio)-6-methyl-

pyrimidine (421, 2,4-bis(5-phenyl-l,3,4-thiadiazol-2-ylmethylthio)-6-n1ethylpyrimidine

(43) and 2,4-bis(5-phenyl-4-amino-1,2,4-triazol-3-ylmethylthio)-6-methylp~midine(44)
(Chart) were tested for antimicrobial activity.

Methodology
The methodology followed and microorganisms used to study the antimicrobial
activity are presented in section I.
Results and Discussion
Antimicrobial Activity
The compounds 42-44 were screened for antimicrobial activity at four different
concentrations 12.5, 25, 50 and 100 pglwell. The results of antibacterial activity
(Table 111.16 & Fig. 111.12) indicated that all the tested compounds exhibited more
antibacteria] activity towards Gram-negative bacteria than Gram-positive bacteria.

The

bis(thiadiazo1yl)pyrimidine

(43)

exhibited

greater

activity

than

1diazoly1)pyrimidine (42) and bis(triazo1yl)pyrimidine (44). Furthermore compound
wed higher antibacterial activity than 42. The 43c and 43f were effkctive particularly
: P. aeruginosa at all the tested concentrations. The other compounds showad

ate to good activity whereas the compounds 42e and 44e exhibited no activity.
s, the compounds possessing electron withdrawing substituents on the phenyl ring
red greater activity.
All the tested compounds inhibited spore germination against the tested fungi
111.17 & Fig. 111.13). In general, all the compounds showed higher antifungal

towards A.~riger than P.chr.y.soget~t~m
The 44c and 44f exhibited excellent

y

gal activity when compared with the standard drug Ketoconazole at all the tested

~trations. However 42a, 42c, 42f, 43c, 43d, 43f, 44a and 44d showed moderate to
~ctivity.On the other hand 42b, 42d, 43b, 44b and 44e displayed least activity. The
lunds having chloro, bro~noand nitro substituents on the phenyl ring exhibited
activity than those with methyl and methoxy suhstituents.
rum Inhibitory Concentration (MIC), Minimum Bactericidal Concentration
) and Minimum Fungicidal Concentration (MFC)

The minimum inhibitory concentratio11(MIC), minimum bactericidal concentration
) and minimum fungicidal concentration (MFC) values of the compounds tested are

in Table 111.18. MIC is the lowest concentration of an antimicrobial that will inhibit
gible growth of a microorganism (But it is not sure that the microorganisms are
stely killed). The MBCfMFC is the lowest concentration of antibiotic required to kill
cular bacterium/fungi. The MBCIMFC involves an additional set of steps performed
he minimum inhibitory concentration (MIC) is determined. The antimicrobials are
regarded as bactericidal/fungicidal if the MBCIMFC is not ueater than four times
[C. The compounds 4312, 43f, 44c and 44f exhibited low MIC values. The MBC
for 43c and 43f were 2xMIC particularly against P. uenrginosa. However, MFC
for compounds 44c and 44f were 2xMIC particularly against A. niger. The
Ire- antimicrobial activity relationship of the synthesized compounds rcvealed that
bun&

having pyrimidine and thiadiazole pharmacophores displayed pronounced

antibacterial activity whereas compounds having pyrimidine and triazole moieties
exhibited excellent antifingal

activity. Moreover, the compounds having electron

withdrawing (nitro, chloro, bromo) substituents on the phenyl ring displayed higher
antimicrobial activity than the compounds with electrondonating (methoxy and methyl)
substituents.

TABLE III,16
The in vitro antibacterial activity of compounds 42,43 and 44
Diameter of zone of inhibition (mm)
Gram-positive bacteria

Gram-negative bacteria

rpi 1% rpi rd rpi rpi rpi ~d !pi lrgi !pi !pi lrgi ~ g l jd id
well well w d well wtU well well weU weU well well wtU wtU wd wd wd

. . . . . . . . . -

43e

liI 1 b 2

- -

132

43f

16a2 1813 2011 23i2 2213 24i1 2712 3111 2812 31i1 33i2 3&3 31i3 3311 35i2 38i1

44a

8i3 %I 1012 1 b 1 1 b 2 1213 14k1 1711 14i2 16a2 1 9 4 23i3 17i1 1913 224 24Q

.

44b

.

.

7i3 9.12 1113 9 2 1112 14h2 1812 1 2 2 l3i1 15i3 18i1

44c

1Oi2 l l i l 13i3 1Si1 16i2 18i3 2011 2412 IBP 2111 24i2 2113 22t2 24i.l 26al 2%2

44d

%3 1012 1 2 1 14*2 15i1 16i2 1813 2011 16i1 2 W 2li3 15i1 21il 2311 15i2 18i1

Me

44f

. . .

.

. . . . . . . . . . .

13i1 1 5 u 17i2 19i3 18i1 2 b 1 222 26i3 23fl 2612 1 8 4 314 2511 17i3 22912 3 2 1

Chloram- 3Q1 3&3 35d 37d 3 U 34i2 3 6 4 @I
phenicol
CO~BO]

- -

-

- - - - -

(DMSO)
(a)

No activity, (i)Smdard deviauon.

25i2 27i3 2B1 322 38i1 40s2 4 2 1 441
-

- - - - - -

-

TABLE 111.17
The in virro antifungal activity of compounds 42,43 and 44
Diameter of zone of inhibition (mm)
A. niger

Compd.
No.

42a

--

12.5

25

50

100

12.5

25

SO

I100

P€Y

P%

PI&'

P%

c&l

C%

well

Pgl
well

PI&'

well

well

well

well

well

well

14*2

16i3

18+2

2151

852

1&2

Ilk2

13*I

7*2

9+2

-

-

-

-

-

42b

Control (DMSO)
(-) No activity,

P. chrysogenum

-

- --

(*) Standard deviation.

TABLE IlI,18
MIC, MBC and MFC of compounds 43c, 43f, 44c and 44f

Minimum inhibitory concentration MIC (MBCI MFC) lg! well

CblOnm.
phenicol
Ketoconazole

6.25

(-) No activity.

-

6.21

625

12.5

-

-

625

12,5

Fig. 111.12
The in titro antibacterial activity of compounds 42-44.

Tested Compounds

Fig. 111.13

The in vitro antifungal activity of compounds 42-44.
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