
This article was downloaded by: [State University NY Binghamton]
On: 18 July 2013, At: 19:46
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Solvent- and Catalyst-
Free Synthesis of New
Unsymmetrical Multidentate
Thio-bis-aminophenol Ligands
by Mannich Condensation
Abbas Shockravi a , Mahdieh Sadeghpour a b &
Abolfazl Olyaei c
a Faculty of Chemistry, Tarbiat Moallem University,
Tehran, Iran
b Department of Chemistry, Islamic Azad University,
Takestan Branch, Qazvin, Iran
c Department of Chemistry, Payame Noor University,
Qazvin, Iran
Published online: 01 Jun 2009.

To cite this article: Abbas Shockravi , Mahdieh Sadeghpour & Abolfazl Olyaei (2009)
Solvent- and Catalyst-Free Synthesis of New Unsymmetrical Multidentate Thio-
bis-aminophenol Ligands by Mannich Condensation, Synthetic Communications: An
International Journal for Rapid Communication of Synthetic Organic Chemistry, 39:13,
2347-2359, DOI: 10.1080/00397910802654823

To link to this article:  http://dx.doi.org/10.1080/00397910802654823

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910802654823
http://dx.doi.org/10.1080/00397910802654823


Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

St
at

e 
U

ni
ve

rs
ity

 N
Y

 B
in

gh
am

to
n]

 a
t 1

9:
46

 1
8 

Ju
ly

 2
01

3 

http://www.tandfonline.com/page/terms-and-conditions


Solvent- and Catalyst-Free Synthesis of New
Unsymmetrical Multidentate Thio-bis-

aminophenol Ligands by Mannich Condensation
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1Faculty of Chemistry, Tarbiat Moallem University, Tehran, Iran
2Department of Chemistry, Islamic Azad University,

Takestan Branch, Qazvin, Iran
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Abstract: A one-pot, three-component, Mannich condensation of electron-rich
aromatic compounds such as 5-methyl-2-hydroxyphenyl sulfide, 2-aminopyrimi-
dine, and various aromatic aldehydes were used to prepare a series of new unsym-
metrical multidentate aminophenol ligands. These compounds were synthesized
in solvent-free conditions as a fast, simple, convenient, and uncatalyzed method.
Details of the reaction conditions are discussed.
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INTRODUCTION

Multicomponent reactions (MCRs) have attracted considerable attention
because of their convergence, easy execution, mechanism, and multiple
bond formation. Such a reaction may be employed for building structu-
rally diverse molecules.[1] They also deliver fewer by-products then classi-
cal stepwise synthetic routes. This reduces time and saves raw materials.[2]

The Mannich reaction (aminoalkylation) is an example of multicompo-
nent condensation of a nonenolizable aldehyde, an amine (1� or 2�),
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and an enolizable carbonyl compound.[3] Direct aminoalkylation has
great interest in synthetic organic chemistry and considerable importance
for the synthesis of drugs, pesticides, and natural products.[4]

Many methods of aminoalkylation of electron-rich aromatic
compounds have been studied to date. Katritzky and Risch reported
an improved aminoalkylation of 2-naphthol and phenol derivatives with
preformed iminium salts derived from aromatic aldehydes in a two-step
sequence with 26–92% yields.[5] In recent years, aminoalkylation of
electron-rich aromatic compounds in the presence of LiClO4, Sc(OTf)3,
Yb(OTf)3, La(OTf)3, YbCl3, TiCl4, and Me3SiCl has been reported.[6–8]

Also, a series of larger molecules such as diaminodinaphthols, diamino-
diphenols, and diaminotetraphenols have been prepared from ethylene-
diamine, various amounts of paraformaldehyde, and 2,4-disubstituted
phenols by controlling the stoichiometry and reaction conditions.
By using 2,4-disubstituted phenols and varying those substituents,
researchers modulate the electronic and steric properties of the alcohol
moieties, affecting both how many phenol groups can bind to a transi-
tion metal and how strongly those phenols will bind.[9–13] Moreover,
optically active aminophenol and aminonaphthol ligands have been
used as ligands complexed to dialkyl zinc for enantioselective
addition to aryl aldehydes. These ligands show highly efficient asym-
metric induction to give the corresponding alcohols up to 99% ee
yields.[14–16]

Wenowdescribe the synthesisofnewmultidentate thio-diaminodiphenol
derivatives via a facial three-component and one-pot method for
aminoalkylation of electron-rich aromatic compounds such as
5-methyl-2-hydroxyphenyl sulfide, using aromatic aldehydes and
2-aminopyrimidine in the absence of catalyst with short reaction time
and solvent-free conditions. As such, utilization of environmentally
friendly conditions (absence of organic solvent) provides the product
not only in an easy workup procedure but also in accord with green
sustainable chemistry principles.

RESULTS AND DISCUSSION

As part of a continuous effort to develop new N,O,S-ligand derivatives
relevant to the Mannich reaction, we report a fast, simple, and conveni-
ent method for the synthesis of new thio-diaminodiphenol with hetero-
aryl amine and aromatic aldehydes in solvent-free conditions in
moderate to good yields. The promising advantages, such as removal
of organic solvent, lack of catalyst, easy workup, and short reaction time,
are discussed. Our literature survey showed that thio-diaminodiphenol
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has not previously been used for the synthesis of diaminodiphenol ligand
derivatives.

As the model reaction, we initially examined the one-pot, three-
component Mannich reaction of 5-methyl-2-hydroxyphenyl sulfide (1),[17]

2-aminopyrimidine, and benzaldehyde in CH3CN, EtOH, and MeOH in
the presence of formic acid as catalyst at room temperature. We found that
at least 24 h was needed for the reaction of 2-aminopyrimidine with benzal-
dehyde to afford the corresponding Schiff base. We then examined the same
reaction under reflux conditions in the same solvents, in which the desired
product was not observed and only the corresponding Schiff base was
formed. When this reaction was performed in solvent-free conditions at
70–100�C in the absence of acid catalyst, the corresponding Schiff base
was obtained. Our investigation demonstrated that the best result was
obtained when temperature was fixed at 125�C, at which the reaction com-
pleted in 10min. Therefore, we decided to examine the other reactions in
solventless conditions at 125�C in the absence of acid catalyst.

2-Aminopyrimidine was used in all Mannich condensations toward
the synthesis of series of multidentate aminophenol ligands (3a–i).
Thio-bis-aminophenols (3a–i) were prepared by combining 1 equivalent
of thio-bis-phenol 1 with 2 equivalents aromatic aldehydes (2a–i) and 2
equivalents of 2-aminopyrimidine in solventless conditions during
10–30min at 125�C (Scheme 1). Each compound was isolated by addition
of ethanol to a cooled reaction mixture and filtration of the resulting
precipitate in moderate to good yields.

To get insight into the reaction mechanism, we initially studied the
reaction of compound 1 with aldehyde. No reaction progress was
observed during several hours. Our studies confirmed that formation of
Schiff bases play an important rule in the Mannich codensation toward
the final products. When we isolated the Schiff bases and then allowed
their reactions with bis-phenol 1, we obtained the same products from
a one-pot reaction of these compounds (Scheme 2).

Scheme 1. Synthesis of thio-bis-aminophenols (3a–i) by solvent-free Mannich
reaction. Ar¼ a: ph, b: 4-Me-ph, c: 4-MeO-ph, d: 4-Br-ph, e: 3-Br-ph, f:
4-Cl-3-NO2-ph, g: 4-NO2-ph, h: 3-NO2-ph, and i: 4-Cl-ph.

Thio-bis-aminophenol Ligands 2349
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The thio-bis-phenol 1 was already synthesized and characterized by
different means including x-ray spectroscopy.[17] The hydroxyl groups
have been used to synthesize different multidentate macrocycles[18,19]

and polymers[20] and studied for different applications in metal-ion
complexation.[21] These previous synthetic studies indicated that the
presence of a sulfur atom in the bis-phenol (1) not only plays an impor-
tant role in the complexation behavior but also in the physical properties
of polymers and dynamic behavior of macrocyclic compounds.

In the compound 5-methyl-2-hydroxyphenyl sulfide (1), hydroxyl
and sulfide groups can direct electrophilic substitutions on the para posi-
tion with respect to the sulfur and on the ortho position with respect to
the hydroxyl group. Based on the coupling constant (J) observed in 1H
NMR spectra, we can conclude that hydroxyl group dominates in elec-
tronic direction for electrophilic substitution. The coupling constant
was about 1.5Hz for all final products (3a–i), as the structures show in
Scheme 1 based on this evidence.

Identification of 3a–i was carried out on the basis of spectroscopic
data. The 1H NMR spectra of these compounds show a sharp singlet
for two methyl groups at about d 2.1 ppm. Hydroxyl groups appear as
broad signal at about d 9.0 ppm. The mixed NH, methine, and pyrimidine
H-5 protons were observed at about d 6.5–6.7 ppm. As a result of the
addition of D2O into the sample solution of 3a, the hydroxyl and amine
proton signals disappeared in 1H NMR spectrum. The pyrimidine H-4,6
moieties in all of the products were exhibited in the region of d 8.3 ppm as

Scheme 2. Mechanism for the formation of compounds 3a–i.
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two doublets, indicating that two types of pyrimidine ring are in the
products. Moreover, in compound 3a, two types of NH signal appear
as two well-resolved doublets at about d 6.35 and 6.37. In addition,
two types of CH signals showed at the positions 4,40 on the phenolic rings
as two well-resolved doublets. These spectroscopic data indicated that the
obtained products have unsymmetric structures and that the hydrogen
nuclei are diastrotopic. Also the number of carbons revealed in the 13C
NMR spectra of compounds 3a–i was in agreement with unsymmetrical
products. Details of 1H NMR and 13C NMR are presented in the
experimental section. The OH and NH absorptions are observed at
3410–3250 cm�1 in IR spectra. Compounds 3a–i exhibit the expected
parent ions with low intensity in mass spectra. Table 1 illustrates reaction
times and yields of the synthesized new aminophenol derivatives (3a–i).

In conclusion, this method could be considered as a convenient and
environmentally friendly approach for the synthesis of new thio-bis-
aminophenol ligands via one-pot, three Component Mannich condensation
of 5-methyl-2-hydroxyphenyl sulfide (1), 2-aminopyrimidine, and aromatic
aldehydes using solvent-free conditions. The present method has advantages
such as no organic solvent, generality and simplicity of the procedure, less
reaction time, elimination of acid catalyst, and moderate to good yields.
To the best of our knowledge, this is the first report on the synthesis of
compounds of type 3, and these multidentate compounds may provide a
valuable source of new potentially chelating agents for metal ions.

EXPERIMENTAL

All commercially available chemicals and reagents were used without
further purification. Melting points were determined with an Electro-
thermal model 9100 apparatus and are uncorrected. IR spectra were
recorded on a Shimadzu 4300 spectrophotometer. The 1H and 13C NMR
spectra were recorded in CDCl3 on BrukerDRX-500Avance spectrometers.
Chemical shifts (d) are reported in parts permillion (ppm) and are referenced
to the NMR solvent. Mass spectra of the products were obtained with a HP
(Agilent technologies) 5937 mass selective detector. Elemental analyses
were carried out by a CHN-O-Rapid Heraeus elemental analyzer
(Wellesley, MA).

General Procedure for the Synthesis of Thio-bis-[5-methyl-3-

(aryl(2-pyrimidinylamino)methyl]-2-phenol

An aromatic aldehyde (4mmol) was added to a mixture of compound 1

(2mmol) and 2-aminopyrimidine (4mmol). The reaction mixture was

Thio-bis-aminophenol Ligands 2351
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Table 1. One-pot reactions of thio-bis-phenol 1,2-aminopyrimidine and aromatic
aldehydes

Entry Aldehyde Product 3

Time

(min)

Yield

(%)

Mp

(�C)

1 10 80 138–139

2 25 75 147–149

3 30 82 146–147

4 20 76 144–146

5 12 78 144–145

6 15 85 148–150

(Continued )
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magnetically stirred on a preheated oil bath at 125�C for the appropriate
time as indicated in Table 1. The progress of the reaction was monitored
by thin-layer chromatography (TLC). After completion, the reaction
mixture was cooled to rt, and ethanol (10mL) was added. The precipitate
was filtered, washed with cold ethanol, dried, and purified by recrystalli-
zation from EtOH to give the thio-bis aminophenol 3 as color crystals.

Data

Thio-bis-[5-methyl-3-(phenyl(2-pyrimidinyl amino)methyl)-
2-phenol (3a)

Pale yellow crystal; IR (KBr): 3410, 3247, 3028, 2922, 1588, 1515, 1447,
1234, 800 cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.15 (s, 6H, CH3), 6.35
(d, 1H, J¼ 3.2Hz, NH), 6.37 (d, 1H, J¼ 3.2Hz, NH), 6.55 (d, 2H,
J¼ 3.2Hz, methine-H), 6.56–6.59 (m, 2H, pyrimidine H-5,50), 6.91 (s,
1H, phenolic H-4), 6.92 (s, 1H, phenolic H-40), 7.01 (s, 2H, phenolic
H-6,60), 7.29–7.38 (m, 10H, ph-H), 8.30 (d, 2H, J¼ 4.8Hz, pyrimidine

Table 1. Continued

Entry Aldehyde Product 3

Time

(min)

Yield

(%)

Mp

(�C)

7 12 90 154–155

8 15 87 133–135

9 18 84 143–145

Thio-bis-aminophenol Ligands 2353
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H-4,6), 8.32 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.34 (broad, 2H, OH)
ppm; 1H NMR (500MHz, CDCl3þD2O): d¼ 2.15 (s, 6H, CH3), 6.54
(s, 2H, methine-H), 6.55–6.58 (m, 2H, pyrimidine H-5,50), 6.91 (s,1H,
phenolic H-4), 6.92 (s,1H, phenolic H-40), 7.01 (s, 2H, phenolic H-6,60),
7.29–7.38 (m, 10H, ph-H), 8.29 (d, 2H, J¼ 4.8Hz, pyrimidine H-4,6),
8.31 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60) ppm; 13C NMR (125MHz,
CDCl3): d¼ 20.98, 54.28, 111.52, 111.53, 121.71, 127.20, 127.22, 127.54,
128.85, 129.76, 130.67, 130.68, 130.73, 130.74, 133.60, 141.53, 141.55,
152.54, 158.54, 161.78 ppm; MS: m=z (%)¼ 612 [M]þ, 611 [M�1]þ,
583, 527, 489, 377, 333, 262, 195, 183, 95. Anal. calcd. for C36H32N6O2S:
C, 70.58; H, 5.22, N, 13.72. Found: C, 70.52; H, 5.28; N, 13.77.

Thio-bis-[5-methyl-3-(4-methylphenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3b)

Pale yellow crystal; IR (KBr): 3410, 3275, 3022, 2920, 1588, 1513, 1448,
1234, 801 cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.15 (s, 6H, CH3), 2.36
(s, 6H, CH3), 6.53–6.55 (m, 6H, NH, methine-H, pyrimidine H-5,50), 6.92
(s, 1H, phenolic H-4), 6.93 (s, 1H, phenolic H-40), 7.00 (s, 2H, phenolic
H-6,60), 7.15–7.30 (m, 8H, tolyl-H), 8.25 (d, 2H, J¼ 4.8Hz, pyrimidine
H-4,6), 8.27 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.35 (broad, 2H,
OH) ppm; 13C NMR (125MHz, CDCl3): d¼ 20.99, 21.74, 54.01,
111.35, 111.37, 121.70, 121.72, 127.18, 127.19, 129.55, 129.96, 130.53,
130.57, 130.65, 130.67, 133.43, 133.46, 137.13, 138.56, 138.58, 152.52,
152.56, 158.51, 161.78 ppm; MS: m=z (%)¼ 640 [M]þ, 554, 454, 350,
244, 212, 197, 152, 120, 105, 91. Anal. calcd. for C38H36N6O2S: C,
71.25; H, 5.62; N, 13.12. Found: C, 71.30; H, 5.55; N, 13.10.

Thio-bis-[5-methyl-3-(4-methoxyphenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3c)

Pale yellow crystal; IR (KBr): 3410, 3278, 3002, 2931, 1587, 1512, 1454,
1248, 1177, 801 cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.16 (s, 6H,
CH3), 3.82 (s, 6H, OCH3), 6.43–6.57 (m, 6H, NH, methine-H, pyrimidine
H-5,50), 6.84–7.30 (m, 12H, phenolic H-4,40,6,60, OMe-ph-H), 8.25 (d, 2H,
J¼ 4.8Hz, pyrimidine H-4,6), 8.28 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60),
9.34 (broad, 2H,OH) ppm; 13CNMR (125MHz, CDCl3): d¼ 21.00, 53.76,
55.67, 111.40, 111.42, 114.22, 114.29, 121.70, 121.72, 128.39, 128.41,
129.98, 130.52, 130.54, 130.65, 130.67, 133.50, 133.61, 133.63, 152.50,
152.53, 158.51, 159.04, 161.74 ppm; MS: m=z (%)¼ 672 [M]þ, 615, 602,
574, 500, 486, 366, 260, 213, 152, 135, 95. Anal. calcd. for C38H36N6O4S:
C, 67.85; H, 5.35; N, 12.50. Found: C, 67.90; H, 5.26; N, 12.59.
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Thio-bis-[5-methyl-3-(4-bromophenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3d)

Pale yellow crystal; IR (KBr): 3410, 3251, 3025, 2921, 1587, 1568, 1514, 1488,
1448, 1235, 1180, 1010, 800cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.16 (s,
6H, CH3), 6.45–6.50 (m, 4H, NH, methine-H,), 6.57 (t, 1H, J¼ 4.8Hz, pyr-
imidine H-5), 6.59 (t, 1H, J¼ 4.8Hz, pyrimidine H-50), 6.87 (d, 1H,
J¼ 1.3Hz, phenolic H-4), 6.88 (d, 1H, J¼ 1.3Hz, phenolic H-40), 7.03 (d,
2H, 1.3, phenolic H-6,60), 7.24 (d, 2H, J¼ 2.9Hz, 4-Br-ph-H), 7.26 (d, 2H,
J¼ 2.9Hz, 4-Br-ph-H), 7.45 (d, 2H, J¼ 1.9Hz, 4-Br-ph-H0), 7.46 (d, 2H,
J¼ 1.9Hz, 4-Br-ph-H0), 8.27 (d, 2H, J¼ 4.8Hz, pyrimidine H-4,6), 8.29 (d,
2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.26 (broad, 2H, OH) ppm; 13C NMR
(125MHz, CDCl3): d¼ 20.96, 53.98, 111.72, 111.74, 121.46, 121.77, 121.79,
129.00, 129.02, 129.29, 130.71, 130.76, 130.94, 131.89, 133.92, 133.98,
140.70, 152.52, 158.55, 161.67ppm; MS: m=z (%)¼ 772 [M]þ, 770 [M]þ,
768 [M]þ, 750, 584, 414, 276, 183, 120, 95. Anal. calcd. for C36H30Br2N6O2S:
C, 56.10; H, 3.89; N, 10.90. Found: C, 56.01; H, 3.95; N, 10.95.

Thio-bis-[5-methyl-3-(3-bromophenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3e)

Pale yellow crystal; IR (KBr): 3411, 3251, 3020, 2920, 1586, 1569, 1512,
1448, 1234, 1185, 783 cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.15 (s, 6H,
CH3), 6.53–6.67 (m, 6H, NH, methine-H, pyrimidine H-5,50), 6.86 (s, 1H,
phenolic H-4), 6.88 (s, 1H, phenolic H-40), 7.03 (s, 2H, phenolic H-6,60),
7.17–7.56 (m, 8H, 3-Br-ph-H), 8.24 (d, 2H, J¼ 4.8Hz, pyrimidine H-4,6),
8.27 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.22 (broad, 2H, OH)
ppm;13C NMR (125MHz, CDCl3): d¼ 21.00, 53.93, 111.71, 111.73,
121.77, 121.79, 123.07, 126.04, 126.08, 129.22, 130.28, 130.30, 130.35,
130.65, 130.68, 130.72, 130.98, 131.00, 133.93, 133.99, 144.07, 144.09,
152.46, 152.51, 158.54, 161.67 ppm; MS: m=z (%)¼ 772 [M]þ, 770
[M]þ, 768 [M]þ, 584, 414, 308, 278, 227, 197, 152, 120, 95. Anal. calcd.
for C36H30Br2N6O2S: C, 56.10; H, 3.89; N, 10.90. Found: C, 56.07; H,
3.93; N, 10.85.

Thio-bis-[5-methyl-3-(4-chloro-3-nitro phenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3f)

Yellow crystal; IR (KBr): 3412, 3250, 3033, 2924, 1586, 1537, 1448, 1349,
1235, 1048, 800 cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.18 (s, 6H,
CH3), 6.54–6.68 (m, 6H, NH, methine-H, pyrimidine H-5,50), 6.88 (d,
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1H, J¼ 1.5Hz, phenolic H-4), 6.90 (d, 1H, J¼ 1.5Hz, phenolic H-40),
7.06 (d, 2H, J¼ 1.5Hz, phenolic H-6,60), 7.45 (m, 6H, 4-Cl-3-NO2-
ph-H), 8.26 (d, 2H, J¼ 4.8Hz, pyrimidine H-4,6), 8.28 (d, 2H, J¼ 4.8Hz,
pyrimidine H-40,60), 8.92 (broad, 2H, OH) ppm; 13C NMR (125MHz,
CDCl3): d¼ 20.90, 54.03, 112.21, 112.23, 121.92, 124.19, 124.21, 125.91,
128.23, 130.92, 130.95, 131.51, 131.53, 132.10, 132.16, 132.20, 134.62,
134.65, 142.73, 148.18, 152.35, 152.38, 158.60, 161.51 ppm; MS: m=z
(%)¼ 771 [M]þ, 578, 552, 523, 368, 313, 236, 185, 95. Anal. calcd. for
C36H28Cl2N8O6S: C, 56.03; H, 3.63; N, 14.53. Found: C, 56.10; H,
3.68; N, 14.47.

Thio-bis-[5-methyl-3-(4-nitrophenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3g)

Yellow crystal; IR (KBr): 3412, 3254, 3038, 2924, 1586, 1519, 1505, 1463,
1448, 1407, 1346, 1238, 1181, 851 cm�1; 1H NMR (500MHz, CDCl3):
d¼ 2.17 (s, 6H, CH3), 6.57–6.64 (m, 6H, NH, methine-H, pyrimidine
H-5,50), 6.87 (d, 1H, J¼ 1.5Hz, phenolic H-4), 6.89 (d, 1H, J¼ 1.5Hz,
phenolic H-40), 7.04 (d, 2H, J¼ 1.5Hz, phenolic H-6) 7.06 (d, 2H,
J¼ 1.5Hz, phenolic H-60), 7.53 (d, 2H, J¼ 2.1Hz, 4-NO2-ph-H), 7.55
(d, 2H, J¼ 2.1Hz, 4-NO2-ph-H), 8.16 (d, 2H, J¼ 1.5Hz, 4-NO2-ph-H

0),
8.18 (d, 2H, J¼ 1.5Hz, 4-NO2-ph-H

0), 8.28 (d, 2H, J¼ 4.8Hz, pyrimidine
H-4,6), 8.30 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.09 (broad, 2H, OH)
ppm; 13C NMR (125MHz, CDCl3): d¼ 20.93, 54.58, 112.07, 112.10,
121.86, 121.91, 124.01, 128.06, 128.08, 128.67, 130.95, 131.04, 131.35,
134.29, 134.42, 147.42, 147.44, 149.28, 152.36, 152.40, 158.60,
161.58 ppm; MS: m=z (%)¼ 702 [M]þ, 578, 552, 524, 433, 368, 313,
285, 228, 201, 181, 151, 129, 95. Anal. calcd. for C36H30N8O6S: C,
61.54; H, 4.27; N, 15.95. Found: C, 61.50; H, 4.30; N, 16.00.

Thio-bis-[5-methyl-3-(3-nitrophenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3h)

Pale yellow crystal; IR (KBr): 3409, 3252, 3034, 2925, 1587, 1529,
1449, 1412, 1349, 1235, 1130, 801 cm�1; 1H NMR (500MHz, CDCl3):
d¼ 2.16 (s, 6H, CH3), 6.59–6.67 (m, 6H, NH, methine-H, pyrimidine
H-5,50), 6.87 (d, 1H, J¼ 1.5Hz, phenolic H-4), 6.89 (d, 1H, J¼ 1.5Hz,
phenolic H-40), 7.06 (d, 2H, J¼ 1.5Hz, phenolic H-6), 7.47–8.14 (m,
8H, 3-NO2-ph-H), 8.28 (d, 2H, J¼ 4.8Hz, pyrimidine H-4,6), 8.30
(d, 2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.05 (broad, 2H, OH) ppm;
13C NMR (125MHz, CDCl3): d¼ 20.92, 54.23, 112.05, 112.09,
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121.88, 121.91, 122.02, 122.04, 122.62, 128.67, 129.71, 130.84, 130.92,
131.31, 131.34, 133.63, 133.65, 134.38, 134.47, 144.15, 144.17, 148.78,
152.41, 152.48, 158.59, 161.62ppm; MS: m=z (%)¼ 702 [M]þ, 552, 538,
523, 379, 368, 313, 246, 228, 151, 129, 95. Anal. calcd. for C36H30N8O6S:
C, 61.54; H, 4.27; N, 15.95. Found: C, 61.57; H, 4.32; N, 15.90.

Thio-bis-[5-methyl-3-(4-chlorophenyl(2-pyrimidinyl
amino)methyl)-2-phenol (3i)

Pale yellow crystal; IR (KBr): 3412, 3257, 3028, 2922, 1587, 1513, 1449,
1235, 1091, 800 cm�1; 1H NMR (500MHz, CDCl3): d¼ 2.15 (s, 6H,
CH3), 6.51–6.67 (m, 6H, NH, methine-H, pyrimidine H-5,50), 6.87
(s,1H, phenolic H-4), 6.88 (s,1H, phenolic H-40), 7.02 (s, 2H, phenolic
H-6,60), 7.30 (m, 8H, 4-Cl-ph-H), 8.23 (d, 2H, J¼ 4.8Hz, pyrimidine
H-4,6), 8.26 (d, 2H, J¼ 4.8Hz, pyrimidine H-40,60), 9.27 (broad, 2H,
OH) ppm; 13C NMR (125MHz, CDCl3): d¼ 20.96, 53.90, 111.65,
111.67, 121.77, 121.78, 128.68, 128.70, 128.93, 129.40, 129.42, 130.66,
130.70, 130.90, 133.32, 133.34, 133.87, 133.89, 140.17, 140.18, 152.51,
158.52, 161.68 ppm; MS: m=z (%)¼ 681 [M]þ, 494, 370, 264, 232, 139,
120, 95. Anal. calcd. for C36H30Cl2N6O2S: C, 63.44; H, 4.40; N, 12.33.
Found: C, 63.38; H, 4.36; N, 12.39.
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