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Abstract 

Background 

Heterocycles in general and nitrogen heterocycles in particular constitute the lion's part 

of the classical divisions of organic chemistry and are of immense importance 

biologically, industrially, and indeed to the healthy functioning of any developed society. 

The majority of pharmaceuticals/ biologically significant/ agrochemicals/ commercially 

used (additives and modifiers in industries, as cosmetics, reprography, information 

storage, plastics etc.)/ available entities are heterocyclic compounds. They are available 

in living systems (plant as well as animal sources), viz. DNA-RNA bases, vitamins, 

enzymes, hormones etc. which play a crucial role in the biochemical processes. 

Relevant to the proposed project are the nitrogen heterocycles, which 

normally form the basic skeleton of alkaloids. To be specific, this proposed project 

involves the works on pyrimidines- the RNA nucleobase, whose biochemical role is well 

known. This pyrimidine unit, annelated with a variety of other ring systems (pyridine, 

pyrimidine, purine, pyrazole etc.) is available in natural sources including nucleosides 

and nucleotides etc. 

Objective 

Feeling the ever-increasing vitality, de111and and specially considering the bioactivity, . 

heterocyclic chemistry now becomes an interdisciplinary subject of immense practical 

and theoretical importance bridging all branches of chemistry, biochemistry, material 

sciences etc. Furthermore, cycloaddition and annulation are central concerns of organic 

synthetic chemists to synthesize complex fused systems, given that the ring systems are a 

feature of important compounds, including many of pharmaceutical interest. Substances 

with a fused pyrimidine ring, such as purines, pteridines and riboflavin play a very 

important role in the biochemistry of the living cell. Many drug candidates have been 

modeled on these compounds, particularly for cancer and virus research. Development of 

clinically useful anticancer (5-fluorouracil) and antiviral drugs (AZT, DOC, DDI, 

BVDU) has renewed interest in the synthetic manipulation ofuracils. 

Keeping in mind the above significances of pyrimidine derivatives, we began our 

study with the following objectives: 



1. The main objective is to search for novel compounds with phm:maceutical 

. value. 

2. To investigate and extend the application and scopes of hetero-Diels Alder 

methodology to the synthetically modified pyrimidine moiety. 

3. To promote economical and environmentally friendly experimental procedures 

(green chemistry) by performing the reactions under microwave irradiation, in 

ionic liquids, inion water and preferably in the absence of solvents. 

4. To study the site- selectivity and regio-selectivity of the reactions. 

5. To accomplish the synthesis of an array ofheterocycles I fused heterocycles by 

new synthetic procedures. 

6. Study and characterization of the prepared compounds by using NMR and lR 

spectroscopy, Mass spectrometry, Elemental analysis!HRMS and single crystal 

X-ray spectroscopy. Whenever required, help from other new techniques would 

be sought. 

7. Finally, all the new compounds will be screened for possible bioactivity. 

Layout and contents of the thesis 

This thesis entitled "Synthesis, Structure and Bioactivity of Pyrimidine Derivatives 

and Development of Some Synthetic Methods" comprises of six Chapters. Each 

chapter is divided into sections namely Introd'uction, Materials and Methods, Results 

and Discussion (including Bioactivity test), Conclusion, Experimental Section and 

References respectively (excluding the Chapters 1 & 6). 

The first chapter (i.e. Chapter 1), is a literature survey on pyrimidines. It includes 

a general description of pyrimidines and their derivatives (history, physical and chemical 

properties) and special emphasis has been given to the biological and medicinal 

applications of pyrimidines and their derivatives. 

Author's own experimental work starts from 2nd Chapter. This chapter describes 

·a very simple, clean and green synthesis of aryllalkyl/heteroaryl bis(6-amino-I ,3-

dimethyluracil-5-yl)methanes (3) (or in short, his-uracil) from 6-aminouracil (2) and 

aldehyde derivatives (1) (Scheme 1). The reaction was carried out at RT with simple 

stirring in water without using any outdriving forces like heat, dehydrating agent, 
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catalyst, surfactant or additive. The methodology is coupled with easy work-up and 

excellent yield. No chromatography is required. To note, if that strategy can be used for 

the synthesis of bioactive molecules, then chemists can feel the warmth of synthesis and 

then relax for not doing any harm to the environment while performing chemistry! The 

structures of the .compounds were established using various spectroscopies and single 

crystal X-ray crystallography. 

R= Ph, p-OCH3Ph, p-CIPh, p-OHPh, p-CH3Ph, p-N02Ph, 

m-N02Ph, H, CH3 , CH3-(CH2b, CH3-(CH2h. 0 , 0 
0 s 

Scheme 1 

In the same way, when the reaction of (2) with cinnamaldehyde (4) was 

performed, formation of both cis I trans his-uracil (5/6) (Scheme 2) adducts were 

observed. However, attempt to separate the trans or cis product by column or thin layer 

chromatographic technique failed. But upon recrystallisation, only the trans product (6) 

recrystallized out in the form of square size transparent crystals. Finally, the product 

N~Me I .o 
0 ~ ~,.(Ao + ~ 
Me OHC 
2 .4 6 

Scheme·2 
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was confirmed by single crystal X-ray analysis. 

Interestingly, when salicyldehyde (7) was reacted with (2), 5-(6-amino-1,2,3,4-

tetrahydro-1 ,3-dimethyl-2,4-dioxopyrimidin-5-yl)-1 ,3-dimethylpyrimido[4,5-b] 

quinoline-2,4(1H,3H,5H,10H)-dione (9) formed and reaction proceeded via bis-uracil 

adduct (S) (Scheme 3). The structure of the compound was confirmed by single crystal 

X-ray analysis. NMR and IR spectroscopy, mass spectrometry and elemental analysis 

support the structure. 

Scheme3 

Following the same reaction scheme, tetrakis-uracil derivatives (11) were 

synthesized from the reaction between (2) and dialdehydes (10) (Scheme 4). 

OHC-R-CHO . HzO • 
Stining, r.t. 

2 10 

Scheme4 

[n some of the cases the reaction required longer reaction time and also yields 

were somewhat low. So, to overcome this problem a green reaction methodology was 
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developed by using bio-surfactant (A Green Surfactant). By using Green Surfactant 

the products were obtained within short time (Scheme 5) with improved yields. 

£
0 

N"' ... Me+ Bio-surfactant/H20 
2 A R-CHO 

Stirring, r.t. 
H N N 0 

2 I 
Me 
2 l 

R= Ph, p-OCH3Ph, p-CIPh, p-OHPh, p-CH3Ph, p-N02Ph, 

m-N02Ph, H, CH3, CH3-(CH2b, CH3-(CH;2)2, 0 , 0 
0 s 

Scheme 5 

The structures of the products were established using various spectroscopies and 

single crystal X-ray crystallography. ORTEP diagram for the compound 6,6'-diamino-

1, I ',3,3'-tetramethyl-5,5 ,-(benzylidene )-bis[pyrimidine-2,4(1H,3H)-dione] shows that 

both the amino groups and the two uracil rings are oriented oppositely and hence they 

exist in different magnetic environments. 

Finally, all the synthesized compounds were evaluated for Antioxidant, 

Antibacterial and Antifungal activities. Free radical DPPH (1,1-diphenyl-2-

picrylhydrazyl) method was used for estimating the antioxidant activities. Among those 

compounds; aliphatic, nitro-substituted aromatic ring and furan moiety with his-uracil 

ring showed very good antioxidant activities. We have also studied the antibacterial 

activities against seven non-pathogenic bacteria K pneumoniae, S. aureus, B. subtilis, E. 

coli, A. faeca/is, P. aeruginosa; P. aeruginosa and two antifungal strains C. ablicans, F. 

oxysporium respectively. These compounds were found to be equally active against both 

the gram (+)and gram (-) bacteria. All the tested compounds showed high to moderate 

antibacterial and poor antifungal activity. 

In the 3nt Chapter, author describes the study of dynamic 1H NMR spectroscopy 

to determine the C-N rotational barrier of 6-[(dimethylamino)methylene]1,3-

dimethylamino -uracil (12) in 1,1 ,2,2-tetrachloroethane-d2• (12) was readily obtained by 
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the reaction of (2) with N,.N-dimethylformamide dimethylacetal (DMF-DMA) under 

solvent less condition at refluxing temperature or under microwave irradiation (Scheme 

6). 

neat, heat I MWI 

DMF-DMA 

Scheme 6 

12 

At room temperature, in the 1H NMR spectrum, the two N9-methyl groups split 

into two sharp singlets with equal intensity indicating their magnetically nonequivalent 

character (Scheme 7). This non-equivalence is attributed to the hindered rotation of the 

dimethylamino moiety about the C8-N9 bond. A barrier is observable when exchange of 

the studied nuclei into different electronic environments is slow enough on the NMR 

timescale. 

0 -

Me...._ ~5 A 7.; I 6 8 /Me 
~1 ~--

0· N N" "-N, 
I 7 9 Me Me 

B 

Fast at NMR Me,N~ 5 B 

~t=im=e=s=ca=l=e~ R.tJli fia .. /Me 
0 ~ N~N, 

I 7 9 Me 
Me A 

Situation under Fast exchange condition in the NMR time scale 

Scheme 7 

ln the limit of slow exchange (lower temperatures), distinct and sharp 1H 

resonances are observed for the two N9-CH3 groups. However, as the temperature is 

increased, the exchange rate increases and the two sharp N9-CH3 peaks broaden, come 

closer, and eventually coalesce at 89 oc (Coalescence temperature) (Fig. 1). 
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Fig.l 

cT~s9o~ 

'I 
I 

i 
:I 

i-ioo~c .. ., •• ~ '1· 

This classical view is similar to the resonance observed in amide, where the lone 

pair of electron over nitrogen gets delocalised over the whole moiety and also resembles 

in push pull type enamine (N9-C8-N7-C6-C5-C4=0) with an extra double bond (C6-C5) 

in between. The combination of the very strong electron-donating ability of its enamine 

system and the strong electron attracting carbonyl group will polarize the C=N and C=C 

bonds to some extent, that will also contribute to the partial double bond character ofN9-

C8 and hence to the restricted rotational barrier (Scheme 8). 

Me,~
0 

N3 5 8 A 
Ji 1~ 6n~_~Me 

0 N N N~ B 
I 7 9 Me 

Me 

-
Resonance structures for 6-[(Dimethylamino)methylene)1 ,3-dimethylaminouracil 

Scheme 8 

The X-ray study of compound showed that a planar six-membered uracil ring 

attached to an exocyclic enamine side chain makes an angle of 174.3° with the plane of 

the uracil ring. The crystal structure also contains two water molecules which form 0-H

- -0 hydrogen bonds with the 0 atoms of the carbonyl group in the uracil moiety. 
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This experimental work was supported by density functional theory (DFT) 

studies. All the geometries were fully optimized at the B3L YP/6-3l+G* level of OFT. 

Theoretical calculations show that the origin of this barrier lies in the formation of partial 

C-N double bond in the ground state. The computed barrier (19.8 kcal/mol) is in excellent 

agreement with the observed value (18.97 kcal/mol). Theoretical calculations show that 

the origin of the barrier lies in delocalization of the lone pair of electrons on the end 

nitrogen atom into the anti-bonding orbital of the adjacent C-N double bond in the ground 

state. 

In the 4tb Chapter, author describes the synthesis of pyrido[2,3-d]pyrimidine-2,4-

dione derivatives (14) by Multi Component Reaction (MCR) via Aza-Diels-Alder 

methodology (Scheme 9) in the presence ofln(OTf)3 as a catalyst. 

AI ~C+H-CHO v R-NH2 + 

4 13 

6
~H-CHO 

,.,,., + R-NH2 -

4 13 

o-~=CH-C=N-R 
H 

15 

Scheme 9 
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Following the same reaction procedure we continued our generalization for the 

synthesis of some fused bis-pyrimido[4,5-d]pyrimidine derivatives (17), (19) and (21) by 

the reaction between bis-imines (16), (18) and (20) with (12) respectively (Scheme 10, 

11 and 12). However, a three component strategy in schemes 10 and 11 failed. 

But, same products (21) were also isolated in one-pot three component reaction of 

terephthaldehyde (22), aromatic amine (23) and (12) by refluxing in toluene (Scheme 13) 

without using any catalyst. 
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R 

HC==N~ 
2 + 
-=N~ 

20 l-v 
R 

R= H, p-CI, p-OCH3, p-N02 

~·P 
22 23 

12 

R= H, p-CI, p-OCH3, p-N02 

Scheme 10 

Scheme 11 

21 

Scheme 12 

Scheme 13 
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All the synthesized compounds were confirmed by various spectroscopies and 

single crystal X-ray analysis. 

Finally, all the synthesized compounds were evaluated for Antibacterial, 

Antifungal, Cell viability test and CY.,tochrome P450 activities. For that, we have 

studied the antibacterial activities against two non-pathogenic bacteria S. aureus, & E. 

coli and two fungal strains C. ablicans and F. oxysporium respectively. Pyrido[2,3-

dJpyrimidine-2,4-dione derivatives were found to be active against gram positive bacteria 

. and inactive against gram negative bacteria and they also showed very good anti-bacterial 

activities. Cell-Viability test of pyrido[2,3-d] -pyrimidine-2,4-dione derivatives against 

animal cell line showed that with increasing the concentration of compound loading 

reduces the cell growth. Induction of cytochrome P450 by the methoxy-substituted

pyrido[2,3-d]pyrimidine derimatives exhibited maximum absorbance at wavelength 420 

nm, which indicated the denaturation of cytochrome P450. 

Bis-pyrimido[2,3-d]pyrimidine derivatives (17), (19) and (21) were found to have 

very good activities against gram negative bacteria, however, they remained inactive 

against gram positive bacteria. 

The concept of 'Green' has entered into every sphere of science and technology. 

[n the 5th Chapter, author describes green development of some synthetic methods by 

performing the reaction in absence of solvent under microwave irradiation and 

performing the reaction using ionic liquid. 

H 

MW 
0rN~ + R-COOH 

V V or 

Catalysts 

CsH4(C0)20 

24 25 26 

R = -C6Hs, p-ClC6H4, o-ClC6H4, p-N02C6H4, p-NH2C6H4, p-OHC6H4, 

-(CH2)4-COOH, -(CH2)2-COOH, -CH2-COOH, o-C6H4COOH 

Catalysts= p-TSA, Basic alumina, CAN, Zirconium oxychloride octahydrate, 

Potassium dichromate, Anhydrous aluminium chloride 

Scheme 14 
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Bemthsen reaction, which has been carried out under microwave irradiation 

(MWI) in the presence of p-TSA (10 mol%) as catalyst in a solventless .reaction to 

provide 9-substituted acridines (26) by the reaction between diphenylamine (24) and 

carboxylic acid moieties (25) (Scheme 14). This is a good development over existing 

methods. 

We also studied the effect of ionic liquid in Bemthsen reaction. At room 

temperature, we got very low yield of the products (26), but upon applying heat we got 

very good yield of the products (Scheme 15). Out of several catalysts tested, p

toiuenesulphonic acid (p-TSA) was found to be superiorone. 

H 

~N~+ R-COOH 

Y Y or 
CsH4(C0)20 

2~ 25 

ll . 

70-B0°C, Sh 

26 

Ionic liquid= NAN ~r 1-Pentyl-3-methylimidazolium bromide 
/ V+~ [pmlm]Br 

Scheme 15 

A short library of symmetrical bis-imines (28), (30) and (31) has been constructed 

efficiently from the reaction between diamines (27 & 29) (Scheme 16 and 17) and 

aldehydes (1) or dialdehydes (22) and amines (13) (Scheme 18) under MWI catalysed by 

p-TSA. The methodology is associated with shorter reaction time, good yields and simple 

workup. 

. (

NH2+ 
RCHO 

NH2 

27 1 

p-TSA (5 mol%) 

MWI 

Scheme 16 
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+ RCHO 

I 

13 

H 

~TSA ~~ol%) ¢ :-R 

Scheme 17 

If TSA (5 mol%) 

MWI 

Scheme 18 

N=C-R 
30 

The last chapter of the thesis, i.e. the 6tb Chapter delineates the overall 

conclusion and future scopes ofthe works presented in the thesis. 
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Introduction: 

Pyrimidine (1) (Fig. 1) is one ofthe important nitrogen containing heterocyclic aromatic 

compounds, a family of diazine group, containing two nitrogen atoms at position 1 and 3 

of the six-membered ring. Three isomeric diazines are theoretically possible- a-diazine or 

pyridazine (2), m-diazine or pyrimidine (1) and p-diazine or pyrazine (3) respectively 

(Fig. 2). 1 

Fig. 1: The pyrimidine moiety 

N 

eN 

N 

0 ) () 
N N 

m-diazine p-diazine 
o-diazine miazine piazine 
pyridazine pyrimidine pyrazine 

2 1 3 

Fig. 2: Three possible isomeric diazines 

Pyrimidine is neutral in solution, but forms salts with acid. Pyrimidine is probably 

a resonance hybrid of the following resonating structures (A, B, C & D) (Scheme 1). 

0-· ·CJ-
N N 

CJ-0 
N N 

1A 18 1C 10 

Scheme 1: Possible resonance structures of pyrimidine 
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Thus the ring is deactivated, and position 5 has the highest electron density. It can 

be therefore expected that attack by electrophilic reagents will be difficult, but attack by 

nucleophilic reagents (at positions 2, 4 and 6) will be facilitated. Chlorine atoms at 2, 4 or 

6 are readily replaced by hydroxyl or amino group. When a hydroxyl or an amino group 

is present in pyrimidine nucleus, the compound no longer behaves entirely as an aromatic 

derivative. Because hydroxyl- or amino- substituents occur next to ring nitrogens, which 

shows keto-enol tautomerism (Scheme 2). On the other-hand, pyrimidine has many 

chemical properties common with pyridine. As the number of nitrogen atoms in the ring 

increases, the ring pi-electrons become less energetic and electrophilic aromatic 

substitution becomes more difficult and due to which pyrimidines are less basic. 

8 
0 OH 0 
II I I c c c + H HN,.... ' N~ ....,_ N~ ....,_ 

I I I $ 

4 5 6 7 

<±) 

NH2 NH2 NH2 II I I c ffi c c + H 
HN,.... ' HN~' N~ ....,_ <±) 

I I I 
8 9 10 7 

Scheme 2: Keto-enol tautomerism ofhydroxyl- or amino- substituent groups 

Barbituric acid (13) is a very important pyrimidine derivative and it was originally 

prepared by condensing urea with malonic acid in the presence of phosphoryl chloride 

from which pyrimidine unit (16) was first prepared (Scheme 3).2 Pyrimidine has drawn 

NH2 H02C, 
oc~ + /CH2 

NH2 H02C 

11 12 

2JPage 

0 OH Cl 

POCI3 ~NH ~~ '-':N POCI3 A
1 

'-':N Zndust A .. A ~.A )l.AHotwater 
0 N 0 HO N OH Cl N Cl 

H 
13 14 15 

Scheme 3: Synthetic route for pyrimidine (16) 
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attention such that everyday various simplest procedures have been developed for the 

synthesis of pyrimidine and their annelated derivatives. 

Pyrimidine unit, annelated with a variety of ring systems are available in natural 

sources, like nucleoside and nucleotides etc. Three nucleobases found in nucleic acids, 

namely uracil (17), thymine (18) and cytosine (19) which are pyrimidine derivatives. 

Along with these little amounts of orotic acid (20) is also found in nucleic acids (Fig. 3). 

0 0 t: 0 

CNH "CNH {NH 
NAO N~O N~O HOOC N~O 

H H H H 

Uracil Thymine Cytosine Orotic acid 

17 18 19 20 

Fig. 3: Naturally occurring pyrimidine compounds 

These pyrimidine nucleobases combine with purine nucleobases and five~carbon 

sugar to form a nucleotide molecule. The N-glycosidic link of pyrimidine nucleotides is 

in between C-1 ofthe ribose (or.deoxyribose) and N-1 of pyrimidines. An invariant minor 

component of tRNA is pseudouridine, in which ribose is attached to C-5 of uracil. These 

'pyrimidine nucleotides' can act as short-term carriers of chemical energy to help in 

hundreds of cellular reactions and well known metabolic intermediates.3 Pyrimidine 

nucleotides play a key role in DNA and RNA synthesis, in the activation of sugar as a 

prerequisite for glycosylation of proteins and lipids, polysaccharide synthesis and 

~etoxification. In DNA and RNA, these bases form hydrogen bonds with their 

complementary purines. Thus the 'purine bases adenine (A) and guanine (G) pair up with 

the pyrimidine bases, thymine (T), uracil (U) and cytosine (C) respectively (Fig. 4).4 

These are incorporated into the growing chain during RNA and/or DNA synthesis. 

Pyrimidine nucleotides and purine nucleotides are used in large quantities in the 

biosynthesis of nucleic acids, so despite their complex structures they are synthesized de 

novo by most organisms. In higher animals, the biosynthetic pathways are present in 

many types of cell, although other cells depend on scavenger pathways which synthesize 
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o Q 

21 

Fig. 4: Base pairing in RNA (Pyrimidine nucleobases in pink and hydrogen bonds in red) 

nucleotides from punnes and pyrimidines salvaged from the degradation of nucleic 

acids.5 

The origin of the atoms in the pyrimidine ring is shown in the Fig. 5. The 

biosynthetic pathways appear to be basically similar in all organisms, although regulatory 

mechanisms differ. 

~ ~Glutamine 

Aspartat~~-1.t 
N---~o 

I C02 
Ribose-Phosphate 

22 

Fig. 5: Origin of atoms in the pyrimidine nucleotides 

Thymine was the first pyrimidine to be purified from a natural source, had been 

isolated from calf thymus and beef spleen in 1893-94. Cytosine was discovered by Kossel 
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and Steudel in 1903.6 They also discovered uracil in the same year.7 In the laboratory, 

these nucleobases have been synthesized from reaction between urea/thiourea and ethyl 

acrylate/sodioformylacetic ester (Scheme 4, 5 & 6). 

Not only pyrimidines are present in the DNA or RNA as a nucleobase, but also 

found in plant as well as animal and are available in vitamins, enzymes, hormones etc. 

(Fig. 6). More specifically, these nitrogen containing pyrimidine heterocyclic compounds 

are found normally as basic constituents of alkaloids. These natural products have given 

birth to several smaller units, which are highly important in present day's life quality as 

well as commerce. Most of the alkaloids and naturally available substances are build-up 

with pyrimidine core unit. 

11 23 

0 0 

,)l7H Br, ..S'~NH Boil in C,H,N l. -~ AcOH l .. A . (-HBr) 
N 0 N 0 
H H 
24 25 

Scheme 4: Fischer and Roeder method for the synthesis of uracil (17) 

0 0 0 

NH2 Et02C Me'C ">C Me'{ 
I \ heat ~ ,.t Br2 .,. 

NH C5H5N.,. I NH 
oc + ~,cMe Me ~ (-HBr) N/lO \ '/ AcOH 

NH2 H2C N 0 N 0 
H H H 

11 26 27 28 18 

Scheme 5: Fischer and Roeder method for the synthesis of thymine (18) 

Scheme 6: Wheeler and Johnson method for the synthesis of cytosine (19) 
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Thiamine 
34 

Riboflavin 

35 
Folic acid 

36 

Fig. 6: Pyrimidine ring found in vitamins 

Uracil, one of the nucleobases of pyrimidine family, which is found in RNA, 

comprises one of the major motifs in the formation of biopolymer RNA.8 From the 

electronic structure and tautomerism ofthe uracil ring, it can be seen that six tautomeric 

forms (17 A, 17B, 17C, 17D, 17E & 17F) of uracil are possible (Scheme 7). Among these 

six possible tautomers of uracil, the most stable form is the dicarbonyl (17 A). The Gibbs 

free energy (~G29sk) of this tautomer is lower than those of2-Hydroxypyrimidine-4(3H)-

Scheme 7: Electronic structure and tautomerism ofthe uracil ring 
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one (17C) and 4-Hydroxypyrimidine-2(1 H)-one (17E) of 46 and 52 kJ/mol, 

. I 9 respective y. 

Pyrimidine (1,3-diazine) (16) and uracil (pyrimidine-2,4(1H,3H)-dione) (17) are 

n-deficient systems with similar distributions of their electron density (Fig. 7). In the 

uracil ring, however, this effect is substantially intensified by the interaction of ring n

electrons with oxygen atoms; thus CS is the only carbon centre susceptible to attack by 

electrophiles.10 

+0.27 
+ 0.26 H 

Htc0.13 
- 0 38 '"'-' N - 0.36 
+ o·.13 I k .32 

H N H+ 0.27 
+ 0.27 - 0.63 

16 

- 0.62 
0 

+ o .~7:i.:o ·~H + 0.41 

-0.45 N - 1.06 
+0.24 1 ~ 125 

H N 0 - o.63 
+ o.29 r1 .o3 

H 
+ 0.40 

17 

Fig. 7: Electron density distributions in pyrimidine (16) & uracil (17) 

Uracil plays several roles in our life cycles and recently has challenged to solve 

the mechanism of its activity.11 Uracil and its derivatives have drawn attention in recent 

times because they are chemotherapeutics with a unique broad spectrum of activities . For 

example simple 5-substituted uracil shows wide range of physiochemical properties and 

37 38 
5-Bromrouracil & 5-Fiuorouracil 5-mercaptouracil 5-[Bis(2-chloroethyl) 5-Ethynyluracil 
Brand names: timazin, adrucil, (Breast, respiratory system amino]uracil (Dihydropyrimidine 
fluoroblastin, queroplex many & alimentary system cancers) (Aikylating agent towards dehydrogenase inhibitor) 

other trade names DNA, leukaemia therapy) 
( Anticancer drugs) 

Fig. 8: Biological activities of5-substituted uracil derivatives 
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biological activities (Fig. 8). Several uracil derivatives, including 5-bromouracil & 5-

nitrouracil, can be incorporated into nucleic acids and thereby interfere with their 

transcription and translation processes. 

Thus biological activities of uracil derivatives are closely concerned with the 

position of substituents on the ring. 12 5-Fluorouracil13 (38) and 5-mercaptouracil 14 (39) 

are used in the treatment of breast, respiratory system and alimentary system cancers as 

they inhibit the activity of the thymidylate synthase. Uramustine (5-[Bis(2-

chloroethyl)amino]uracil, (40) is an alkylating agent towards DNA, and is used in 

leukaemia therapy. 15 5-Ethynyluracil (41) as a dihydropyrimidine dehydrogenase 

inhibitor, impedes the biotransformation of 5-fluorouracil and consequently prolongs its 

therapeutic action. 16 N-substituted uracil and their derivatives also showed wide range 

biological activities (Fig. 9). Gemcatibane (42) is a popular cytostatic. 17
a Retrovir (43) an 

inhibitor <;>f HIV reverse transcriptase was introduced to clinical use in 1987 as a great 

breakthrough in anti HIV therapy.17b 3-Phenacyl-Nl.:substituted uracil derivative (44) has 

hypnotic and sedative properties. 17
c 3-(3,5-Dimethylbenzyl)-1-cyanomethyl uracil ( 45) 

has been used as a anti-HIV agent. 17
d 

~: 
0 0 0 

H,C{J: C"np" eN~ NAO 
Ao NAO .0 "\:0 0 

N 0 

H~ ~SMe l_CN 

OH F N3 
42 43 44 45 

Fig. 9: N-Substituted uracil derivatives having biological activities 

Structural exploitation and structural modification of uracil and their derivatives 

draw attention due to their wide biological activities. Papesch eta/ in 1951 and Blicke et 

a/ in 1954 first introduced the synthetic procedure for 1,3-dimethyl-6-aminouracil18
•
19 by 

the rea~tion between N,N'-dimethylurea20 and cyanoacetic acid. Synthesis of the 1,3-

dimethyl-6-aminouracil was achieved using the Gould-Jacobs reaction21 as the key step. 

Condensation of 6-amino-1,3-dibenzyluracil, and diethyl ethoxymethylenemalonate 
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under basic conditions, provided the aminomethylenemalonate, which was heated in 

Dowtherm (heat transfer fluid), resulted in intramolecular cyclization to produce the 

pyridopyrimidine ester (74%). 

Below, an attempt has been made to highlight some of the important bioactivities 

associated with pyrimidine compounds from the recent liten~:tures. 

Medicinal and biological significances of pyrimidine derivatives: 

Antibiotic activity: 

30% or more hospitalized patients are treated with one or more courses of antibiotic 

therapy. Uracil derivatives have wide antibiotic activities. 

A series of pyrimidine derivatives (46-51) were shown to be very active towards a 

variety of species of gram positive and gram negative bacteria in addition to some fungal 

plant pathogens (Fig. 10)?2 

Ar Ar 
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-methyl-2-methylsulfanyl-7 -oxa-9 
-thia-1 ,3,5-triazafluorene-8-one 

4-[5-(4-Bromophenyl)oxazol-4-yij 
6-mercapto-2-methylsulfanyl 

pyrimidine-5-carbonitrile 

48 

Ar 

NC 

50 
49 

2-Amino-8-[5-(4-bromophenyl)oxazol-4-yl)-6 
-methylsulfanyl-4-( 4-methoxyphenyi)-4H-1 
-oxa-9-thia-5, 7 -diazafluoren·e-3-carbonitrile 

Fig.lO: Some pyrimidine derivati,ves having antibiotic activities 
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Some pyrimidine-2,5-diones23 (52) showed potent antimicrobial activity against 

E. coli ATCC 13607, P. diminuta MTCC 3361, S. aureus ATCC 2943, B. subtilis ATCC 

6633 and antifungal activity against A: niger ATCC 16404 and C. albicans ATCC 10231. 

The quantitative structure-activity relationship investigation showed that the 

antimicrobial activities ofthose derivatives against the test microorganisms were mainly 

governed by the molar refractivity, a polarizability parameter. Thus a proper substitution 

of the group with high polarizability at N-6 position probably improves the potency of 

these derivatives as antibacterial and antifungal agents (Fig. 11). 

I R 

Cl~ ~I ~~~~ 
~N~'N N~ 

OAN I N~S 
I I 
H H 

R=H, m-OH, p-OH, m-CH3, p-CH3 , p-OCH3, 
m-CI, p-CI, m-N02 , p-N02, p-COOH 

4-(2 -chlorophenyl)-3-( 4-ch lorophenylazo )-6-aryl-7 -th ioxo-
4,6, 7 ,8-tetrahydro-1 H,3H-pyrimido[4 ,5-d]pyrimidine-2,5-dione 

52 

Fig. 11: Some pyrimidine derivatives having antibiotic activity 

A series of structurally related lH-pyrazolyl derivatives of thiazolo[4,5-

d]pyrimidines24 (53-58) have been evaluated for their in vitro antimicrobial activity 

against E. coli (ATCC 25922), S. aureus (ATCC 19433) and C. albicans. The minimal 

inhibitory concentrations (MICs, mg mL-1
) of the tested compounds revealed that most of 

the compounds exhibited promising antibacterial activities but they showed poor 

antifungal activity (Fig. 12). 

The 2005 Nobel Prize m Physiology and Medicine was awarded to Barry 

Marshall and Robin Warren for the discovery of the bacterium Helicobacter pylori and 

for the determination that its colonization of the stomach mucosa which causes gastritis 

and peptic ulcers.25 An association has been made between infection by the bacterium 

and a predisposition to gastric cancer. The diseases caused by H. pylori can be cured by 
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7' CH3 

~' 0 

N'lN'N~S>=s 
~NJlN 

Q 
R 

3-Aryl-6-[3-( 4-methylphenyl)-1-phenyl-1 H-pyrazol-
4-methylidene-amino ]-2-thioxo--2, :Hiihydro 

-thiazolo[ 4, 5-d]pyrim idin-7 (6H)-ones 
. 53 

7' CH3 

~' 0 

N'lN'N~S>=s 
S.ANJlN HQ 

R 
-Aryl-6-[3-(4-methylphenyl)-1-phenyl-1 H-pyrazol-
4-methylideneam ino ]-2, 5-dith ioxo--2, 3-dihydro 

-thiazolo[4, 5-d]pyrimidin-7 (6H)-ones 

55 

£
CH3 

0 

rf N~ -<S=l:NH 
;=\ NACH, 
y 
R 

3-Aryl-5-methyl-2-[3-(4~methylphenyl)-1-phenyl-
1 H-pyrazol-4-methylidenehydrazono]-2,3-dihydro 

-thiazolo[4,5-d]pyrimidin-7(6H)-ones 

57 

Fig. 12: Some pyrimidine derivatives having antibiotic activity 

eradication ofthe pathogen with various antibacterial therapies. 

Pyrazolopyrirnidinedione26 (59) {Fig. 13) hits as a selective, low micromolar 

inhibitor of H. pylori glutamate racemase {Murl). Variation of the substituents around the 

scaffold led to improved antibacterial activity. ln order to achieve high bioavailability, a 
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novel pro-drug approach was implemented wherein a solubilizing sulfoxide moiety was 

oxidized in vivo to a sulfone. 

Pyrazolopyrimidinediones 

59 

roC I 

I 
h-

H 

Fig.13: Uracil derivatives as antibiotics 

Cyclocondensation of a,ft-unsaturated ketones and 6-aminothiouracil followed by 

corresponding modification resulted a series of interesting pyrimidine derivatives (60-63) 

(Fig. 14).27 The synthesized compounds were very effective in vitro antimicrobial 

7-(4-Chlorophenyl)-benzo(h]-5,6-dihydrobenzo[a] 
pyrimido(3' ,2': 1 ,6]pyrimido[4,5-b]quinolin-13-one 

7 -( 4-Chlorophenyl)-5,6-dihyd robezo[h]-s-triazolo: 
[4' ,3': 1 ,6]-striazolo[3"4":2,3]-pyrimido[4,5-b]quinoline 

Ar H 

60 

Ar 0 N:JCNH2 

~ \ As eN 

3-Amino-9-(4-chlorophenylmethylene)-6-
{4-chlorophenyl)-1 ,2, 10, 11-tetrahydro-5H
thiazolo(4,5-a]cyclopenteno-pyrido
(2,3-d]pyrimidine-2-carbonitrile-5-one 

61 

8-(4-Chlorophenylmethylene )-11-(chlorophenyi)-4H-
2-methyl-9, 1 O-dihydropyri-mido[4' ,5': 4,5]thiazolo
[3,2-a]cyclopenteno-pyrido[2,3-d]pyrimidine-4,12-dione 

62 
63 

Ar ::: 4-Chforophenyf 

Fig. 14: Uracil derivatives having antibacterial activity 
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activities against four strains of bacteria species namely S. aureus, B. subtilis, E. coli, and 

S. typhi and two strains of fungi, A. terreus and A.flavus as revealed by the agar diffusion 

technique. 

Similarly, several compounds of pyrimidine origin (64,65) were synthesized by 

condensation reaction of barbituric acids, lH-pyrazol-5-amines and aldehydes under 

solvent-free conditions,28 which were effective against the microorganisms E. coli ATCC 

25922, P. aeruginosa ATCC 85327, E. faecalis ATCC 29737, B. subtilis ATCC 465, B. 

pumilus PTCC 1114, M luteus PTCC 1110, S. aureus ATCC 25923, S. epidermidis 

ATCC 12228, and S. mutans PTCC 1601. Most of the compounds exhibited good to 

excellent antibacterial activity against all the tested strains. The introduction of -CI and -

Brat the aldehyde moiety, decrease the activity against E. faecalis and S. aureu (Fig. 15). 

Ph Ar 0 Ph Ar 0 rrNH d.X:NH 
N N NAO N N NAS ¢HH ¢HH 
X X 

4,9-dihydro-1 H-pyrazolo[4' ,3':5,6]pyrido 5-thioxo-1 ,4,5,6,8,9-hexahydr~ 7 H-pyrazolc 
-[2, 3-dJpyrimidine-5, 7 -(6H,8H)-diones -[4' ,3':5,6]pyrido[2,3-dJpyrimidine-7 -diones 

64 65 
Ar = Ph, p-CIPh, p-BrPh, p-MePh, m-N02Ph & X= H, N02 

Fig. 15: Uracil derivatives having antibacterial activity 

New 1 ,3-diphenylpyrazoles bearing pyrimidine,29 pyrimidinethione, thiazolo

pyrimidine, triazolopyrimidine, thio- and alkylthiotriazolopyrimidinone moieties (66-69) 

at the 4-position were synthesized by successive reaction of 1 ,3-diphenyi-1H-pyrazole-4-

carboxaldehyde with ethyl cyanoacetate and thiourea and synthesized compounds 

showed their antimicrobial activities against two strains of bacteria B. cereus and E. coli 

respectively, two strains of fungi Botrytis and G. candidum respectively and one strain of 

yeast C. albicans (Fig. 16), 
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~s H 

7 -( 1, 3-Diphenyl-1 H-pyrazol-4-yl)-3-phenyl 
-6-cyanothiazolo[3,2-a]pyrimidin-5-one 

2-Benzylidene-7-( 1 ,3-diphenyl-1 H-pyrazol-4-yl)-2, 3-
dihydro-6-cyanothiazolo-[3,2-a]pyrimidin-3,5-dione 

66 
0 

NC ~CH3 . 

I 7 _ }--cocH3 
~s Ph 

I ~ 
N, 

N 
I 
Ph 

67 
0 s 

N-\ 
I NH 
~/ N N 

H 

7 -( 1 ,3-Diphenyl-1 H-pyrazol-4-yl)-2-acetyl-3-methyl 
-6-cyanothiazolo[3,2-a]pyrimidin-5-one 

7 -(1 ,3-Diphenyl-1 H-pyrazol-4-yl)-3-thioxo-2,3-dihydr 
-6-cyano-1 , 2,4-triazolo[4, 3-a ]pyrimidin-5( 8H)-one 

69 

Fig. 16: Uracil derivatives having antibacterial activity 

Pyrimidine derivatives30 (70,71) with appended aryl, heteroaryl and alkylthio 

substituent at position 6 and also alkylthio substituent at position 2 were found to have in 

vitro activity against six pathogenic bacteria such as M tuberculosis (MT H37 Rv), 

human isolates of K. pneumoniae, P. aeruginosa, S. faecalis, S. aureus, E. coli and 

antimycotic activity against C. albicans (SKF), C. neoformans (CN-17), S. schenckii (SS-

1), A. fumigatus (AF-27), T. mentagrophytes (A-280) including virulent and non-virulent 
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2-alkylsulfanyl-6-aryl-4-chloro 4-Chloro- 2,6 -dialkylsulfany 
-pyrimidine-5-carbonitrile -pyrimidine -5- carbonitrile 

70 71 

R = CH3, C2H5, C3H7, CH2=CH-CH3, C4H9 
Ar = 2-Thienyl, 2-Furyl, 3-FC6H4, 2,4-F2C6H3 

Fig. 17: Uracil derivatives showing antibacterial activity 



strains of M tuberculosis. Moreover, all the synthesized compounds have displayed 

potent in vitro antimicrobacterial activity (Fig. 17). 

Anticancer activity: 

A series of pyrimido[4,5-c ]isoquinolinequinones, angucyclinoneaza-pyrido[2,3-d] -

pyrimidine analogues (72,73) and correspo~ding hydroxyquinones31 (74) (Fig. 18) 

exhibit moderate to high cytotoxic activity towards cancer cells, and therefore represent 

promising leads for the development of anticancer agents. Among the compounds, those 

with one and two pyridine moieties fused to the quinone system have shown the best 

effect. SARs established the main structural requirement for the. activity of the new 

potential anticancer drugs. 

Me 

¢0
o ~Yo 

N, 
Me 

N 

0 
2,4-Dimethyi-2H,4H-pyrimido 
[4,5-c]-isoquinoline-1 ,3,7, 10-

tetraone 
72 

0 0 
2,4-Dimethyi-2H,4H-benzo[g]pyrimido 8-Hydroxy-2,4-dimethyi-2H,4H-
-[4,5-c]isoquinoline-1 ,3, 7, 12-tetraone benzo[g]pyrimido-[4,5-c]isoquinolin 

-1 ,3,7, 12-tetraone 
73 74 

Fig. 18: Uraci'l derivatives as anticancer agents 

Different derivatives of 5-[a\koxy-(4-nitro-phenyl)methyl]uraci\s with alkyl chain 

lengths Cl-C\232 were synthesized based on 5-[chloro-(4-nitro-phenyl)methyl]uracil and 

subsequent substitution of chlorine with appropriate alcohols. The resulting ethers (75) 

were tested for their cytotoxic activity in vitro against five cancer cell lines. The 

compounds were less active in lung resistance protein expressing cell lines, suggesting 

the involvement of this multidrug resistant protein in control of the biological activity. 

Cytotoxic substances induced rapid inhibition ofDNA and modulation of RNA synthesis 

followed by induction of apoptosis. The data indicate that the biological activity of 5-

[alkoxy-(4-nitro-phenyl)methyl]uracil depends on the alkyl chain length. Activity 

increases with chain lengths continuously in lines CEM and K562-Tax (Fig. 19). 
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HN I 
O~N 

H 

R = -(CH2)8CH3 
R = -(CH2)9CH3 
R = -(CH2)10CH3 
R = -(CH2)11 CH3 
R = -i-Pr 
R = -s-But 
R = -t-But 

5-[ alkoxy-( 4-nitro-phenyl)-methyl]-u racils 

75 

Fig.19: Uracil derivatives as anticancer agents 

Antiviral activity: 

1 ,3-Dibenzyl-5 -hydroxy-2,4-d io xo-1 ,2,3 ,4-tetrahydro-pyrido[2,3 -d]pyrim id in e-6-

carboxylic acid33 (76) (Fig. 20) have strong antiviral activity against dengue .virus. This 

compound is also highly active against another virus of the genus, Flavivirus, the yellow 

fever virus. In addition, the compound exhibits antiviral activity, albeit low, against other 

RNA viruses. The mechanism of the antiviral activity is likely to be associated with 

inhibition of the enzyme, IMPDH and this is supported by the observation that addition 

of guanosine to the cell culture medium reverses the antiviral activity. 

1 ,3-Dibenzyl-5-hydroxy-2,4-dioxo-1 ,2,3,4-tetrahydro-pyrido[2,3-d]pyrimidine 
-6-carboxylic acid 

76 

Fig. 20: Uracil derivative as antiviral agents 

A number of sugar uracil-1-ylmethylhydrazones, 0-acetylated derivatives of 

sugar uracil-1-y1methylhydrazones and 4-acetyl-5-(0-acetylalditolyl)-2-(uracil-1-

ylmethyl)-1 ,3,4-oxa-diazolines (77 ,78) (Fig. 21) were tested. for antiviral activity against 
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Hepatitis-B virus.34 Structure-activity correlation of the obtained results revealed that 0-

acetylated derivatives, followed by compounds in which the 1 ,3,4-oxadiazoline ring is 

attached to the 0-acetylated sugar moiety, showed higher activity against HBV than the 

deprotected sugar hydrazones. 

0 

HN--{ 0 
O~N~ _...N~R2 - N 

H 
R1 

0-Acetylated Derivatives of Sugar 
Uracilylmethylhydrazones 

77 

R1 = H, Me 

0 Ac 

HN--{ N-~ 
o=< ~N~ A )=1- 0 R2 

R1 
4-Acetyl-5-( 0-a cetyl aid itolyl)-2-( uracil 
-1-ylmethyl)-1 ,3,4-oxadiazolines . 

78 

R2 = 
A co- j~c ~OAc A cO-

-OAc Ac A cO- A cO-

-OAc OAc i--OAc i--OAc 

A co- Ac ..c_OAc -OAc 

-OAc -OAc 

Fig. 21: Uracil derivatives having antiviral activity 

Pyrimidine derivatives35 (79,80) with a side-chain attached to the C-6 were 

subjected to in vitro phosphorylation tests, determination of their binding affinities to 

herpes simplex virus (HSV -1) thymidine kinase (TK) and catalytic turnover constants. 

2,3:dihydroxypropyl and 2-fluoro-3-hydroxypropyl side-chains attached to C-6 of th.e 

pyrimidine moiety exhibited better binding affinity for HSV-1 TK and no cytotoxic 

effects in HSV -1 TK-transduced and non-transduced cell lines (Fig. 22). 

HN no 

O~N OH 
H 

6-(2, 3-Di hydroxypropyl)-5-methyl-( 1 H, 3H)
pyrimidine-2,4-dione 

79 

HN h
q 

O~N OH 
H 

6-(2-Fiuoro-3-hydroxypropyl)-5-methyl
(1 H,3H)-pyrimidine-2 ,4-dione 

80 

Fig. 22: Uracil derivatives as antiviral agents 
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Synthesis of a series of novel 2-alkoxy-3,4-dihydro-6-benzyl-4(3H)-pyrimidin-4'

one analogues36 (S-DABOs) and a novel dihydro-aryl/alkylsulfanyl-cyclohexylmethyl

oxopyrimidines (S-DACOsi7 (81-84) were accomplished and evaluated as inhibitors of 

human immune deficiency virus type-1 (HIV -1 ). Key structural modifications included 

replacement of the 6-arylmethyl group by a 6-arylcarbonyl or 6-(R-cyanoarylmethyl) 

group. Most ofthe compounds showed only micromolar potency against HJV-1 in MT-4. 

cells in vitro, though two ofthem 2-benzoylmethylthio-6-[a-cyano-(1-naphthylmethyl)]-

3,4-dihydro-5-methylpyrimidin-4(3H)-one & 6-(a-Cyanobenzyl)-3,4-dihydro-2-

isopropylthio-5-methylpyrimidin-4(3H)-one were unusually potent (IC5o== 0.09 and 0.002 

,uM, respectively) and selective (SI = 1500 and 4600, respectively) (Fig. 23). 

Dihydro-aryllalkylsulfanyl
cyclohexylmethyl-oxopyrimidines 

83 

Dihydro-aryl/alkylsulfanyl
benzylmethyl-oxopyrimidines 

84 

Fig. 23: Uracil derivatives showing anti-HIV activity 

N-1-alkylated-5-aminoaryalkylsubstituted-6-methyluracil derivatives38 (85-87) 

showed potent inhibitory activity against HIV-1 RT. The most active compounds showed 

activity in the low micromolar range with IC50 values (IC50 = 0.82-5.09 fJ.M) comparable 

to that of nevirapine (ICso = I 0.60 fJ.M). Compounds showed 2- to 13-fold more activity 

than nevirapine by introducing the terminal 2,4,5-trichloroanilino, benzenemethanamine, 

and cyclohexylamino groups at pyrimidine C-5 (Fig. 24). 

lBIPage 



1-(Ethoxymethyl)-5-[(2,4,5-trichloro 1-(Benzyloxymethyl)-5-[(methyl-phenyl 1-(Benzyloxymethyl)-5-(cyclohexy 
-phenylamino)-methyl]-6-methyluracil -amino)-methyij-6-methyluracil -aminomethyl)-6-methyluracil 

~ M ~ 

Fig. 24: Uracil derivatives having anti-HIV activity 

Anti-HCV activity and anti-HBV activity: 

A series of (2R,4R)- and (2S,4S)-nucleosides were tested against several viruses such as 

HIV-1 (MT -4 cells), HSV-1 (CCL81 cells), HSV-2 (CCL81 cells), HCMV (AD-169) and 

HBV (2.2.15 cells). None ofthe final nucleosides was found to be active against HIV-1, 

HSV-1 and HSV-2 up to 100 mg/mL, but many nucleosides exhibited weak to potent 

antiviral activities against HCMV and HBV. (2R,4R)-1-(2-Hydroxymethyl-3-

methylenetetrahydrofuran-4-yl)-1H-pyrimidine-2;4-dione (88)39 was the most active 

against HCMV (Fig. 25). 

Another series of 2,3 · -anhydro analogs of 5-substituted 1-(2-deoxy-,8-D

lyxofuranosyl)uracils (89) and a related 1-(3-0-mesyl-2-deoxy-,8-D-lyxofuranosyl) 

pyrimidine nucleoside analog (90) have been synthesized for evaluation as a new class of 

potential anti-HBV agents (Fig. 25). Few compounds demonstrated most potent anti

HBV activities against duck HBV (DHBV) and human HBV with EC50 values in the 

range of2.5-10 and 5-10 J.lg/mL, respectively, at non-toxic concentrations (CC50 = >200 

0 0 s 

. (;:: N:.)R HN~CH, 
Jll O~N I 

0 N o 0 N 

HO-iJ HO~ HO~ 
R1 OM 

88 89 90 

Fig. 25: Uracil derivatives as anti-HCV & anti-HBV agents 
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jlg/mL).4o 

Anti-oxidant activity: 

A series of pyrimido-quinolines, its amino derivatives and pyrimido-quinazolines41 (91) 

were tested and evaluated for anti-oxidant, anti-inflammatory and analgesic activities. 

Out of them, 5,10-Dihydro-2-thioxo-pyrimido[4,5-b]quinolines showed the highest 

inhibitory anti-oxidant activity either using erythrocyte hemolysis or ABTS methods. 

Compounds of phenyl derivatives have proved to· be more active than that of methoxy or 

chloro derivatives (Fig. 26). 

Ar 0 

Ar= Ph, p-CIPh, p-OMePh 

5,1 O-dihydro-5-aryl-9-(arylmethylene)-2-
thioxo-6,7,8,9-tetrahydropyrimido[4,5-b] 

quinolin-4-one 
91 

Fig. 26: Uracil derivatives having antioxidant activity 

Anti-inflammatory or analgesic activity: 

Various pyrido-pyrimidines42 (92-94) (Fig. 27) were tested for analgesic activity and 

anti-inflammatory activity. Compound with morpholine substituent showed good 

activity; with the increased lipophilicity (N-methylpiperazine group), showed increased 

activity. Replacement of N-methylpiperazine group with piperidinyl group retains the 

activity. Interestingly these compounds showed one-third of ulcer index of the reference 

aspirin and diclofenac. 

A series of 4,4,6-trimethyl-tetrahydropyrimidine-2-thione and 4,4,6-trimethyl-2-

thioxo-3,4-dihydropyrimidine derivatives and their his-pyrimidine derivatives43 (95-97) 

were screened for anti-inflammatory and analgesic activities. Compounds 6-hydroxy-1-

[2-(1 H- imidazol-4-yl)ethyl]-4,4,6-trimethyl-tetrahydropyrimid ine-2-thione and 1-3-
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CN H, 
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sAN 
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X= CH2 , 0, N-CH3; R= H, CH3; Y= 0, S 

X 

1 

7 -amino-0-cyano-5-sbstituted-2-thioxo 6-amino-5-substituted-2,8-dithiopyrido- 8-methyl-5-su~sti~ted. pyrido-
-pyrido(2,3-d]pyrimidin-4( 1 H)-ones [2, 3-<1:6,5-d]dipyrimidin-4-one -[2, 3-d:6, 5-d]dipynmJd Jne-4,6-

dione 
92 93 

Fig. 27: Uracil derivatives having anti-inflammatory or analgesic activities 

( 6-hydroxy-4 -methyl-2-thioxo-tetrahydropyrim idine-1 (211)-ylpropyl)-pyrro I id in-2-one 

exhibited good anti-inflammatory and analgesic activities. Anti-inflammatory activity of 

6-hydroxy-1-[2-( 1 H-imidazo 1-4-yl)ethy 1]-4,4,6-trimethyl-tetrahydro-pyrifTI id ine-2-th ione 

is comparable while analgesic activity was found to be better than t.hat of standard drug 

(Fig. 28). 

S ~ CH3 

H2 YN'{CH3 I H2 I 
~3C ti2C-N)(. 

I(N H3C OH 

~O S~:;r~ CH3 

H2C-C ti2C-N 

OH 
H 

6-hydroxy-1-[2-( 1 H-imidazol-4-yl)ethyl]-4,4 ,6- 1-3-(6-hydroxy-4-methyl-2-thioxo-tetrahydro 
trimethyl-tetrahydropyrimidine-2-thione pyrimidine-1 (2H)-ylpropyl)-pyrrolidin-2-one 

95 96 
s s 

HN---1 1\ ~NH 
H,C~iCH,lJ\ _ _/lCH2)3-N'~cH3 

OH HO 

4-hydroxo-3-(3-(4-(3-(6-hydroxy-4-methyl-2-thioxo-tetrahydro
pyrimidin-1 (2H)-yl)propyl)piperazin-1-yl)propyl)-6-methyl
tetrahydropyrimidine-2( 1 H)-thione 

97 

Fig. 28: Uracil compounds showing anti-inflammatory or analgesic activity 
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4-amino-5-cyano-2,6-diarylpyrimidines derivatives44 and some new phthalimide 

derivatives (98-101) were evaluated against inflammation. Some of 4-amino-5-cyano-

2,6-diaryl -pyrimidine derivatives with simple phenyl and -OCH3 substituted phenyl 

exhibited better anti-inflammatory activity when compared with acetylsalicylic acid 

(ASA). Anti-inflammatory activity of phthalimide derivatives have been found to be 

twice more active than aspirin. Cytotoxical evaluations of compounds using neoplastic 

cells (NCI-H292 and Hep-2) presented 41% of growth inhibition of neoplastic cells NCI

H292 (Fig. 29). 

I~ No 
4-Amino-2-(phenyl)-6-
(phenyl)-5-cyano-pyrimidine 

98 

NH2 

"'"-'N 

~ 
OCH3 O~R1 

R1=-N 
4-Amino-2-(p-~nisyl)-5-cyan~-6~ . 4-Amino-5-cyano-2-(phenyi)-6-
{4-(N-phthahmldophenyl)}pynmldlne 0 {4-(N-phthalimidophenyl)}-pyrimidin 

100 101 

Fig. 29: Pyrimidine derivatives as anti-inflammatory agents 

A series of [4,6-(substituted aryl)-2-thioxo-1 ,2,3,4-tetrahydro-pyrimidin-5-yl]

acetic acid45 derivatives (102-104) were screened for anti-inflammatory activity with 

standard drug diclofenac sodium. These activity data shows that presence of p-methoxy 

phenyl group at C-4 plays an important role to increase its activity and the presence of 

phenyl group at C-4 and C-6 reduces the anti-inflammatory activity but phenyl group at 

C-6 and p-chlorophenyl at C-4 increases the activity of compounds (Fig. 30). 
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Cl H3C 
2-( 1 ,2,3,4-tetrahydro-4-methoxy 

-6-phenyl-2-thioxopyrimidin 
2-(6-( 4-chlorophenyl)-1 ,2,3,4- 2-(1 ,2, 3,4-tetrahydro-4-methoxy 
tetrahydro-4-methoxy-2-thioxo -2-thioxo-6-p-tolylpyrimidin 

-pyrimidin-5-yl)acetic acid -5-yl)acetic acid -5-yl)acetic acid 
102 1~ 1~ 

Fig. 30: Uracil derivatives showing anti- inflammatory activity 

Anti-histaminic activity (Histamine H receptor antagonists): 

Phenothiazine carboxylic acid derivatives46 (105-107) having 6-amino-pyrimidine-

. 2,4(1H,3H)-dione (Fig. 31) moiety via an appropriate linker, were found to have affinity 

towards human histamine H1 receptor and Caco-2 cell permeability. Selected compounds 

were further evaluated for their oral antihistaminic activity in mice and bioavailability in 

rats. Finally, promising compounds were examined for their anti-inflammatory potential 

in mice OVA-induced biphasic cutaneous reaction model. Among the compounds tested, 

phenothiazineacetic acid compound showed both histamine H1-receptor antagonistic 

activity and anti-inflammatory activity in vivo model. 
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Fig. 31: Uracil derivatives as antihistaminic agents 
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6,7-Dihydro-5H-benzo[6,7]cyclohepta[l,2-d]pyrimidin-2-ylamines (108-111) 

(Fig. 32) showed potent and selective in vitro histamine ~ receptor antagonism across 

multiple species, good CNS penetration, improved PK properties compared to reference 

~ antagonists, functional H4 antagonism in cellular and in vivo pharmacological assays, 

and in vivo anti::-inflammatory and antinociceptive efficacy.47 4-((3R)-3-Aminopyrrolidin

l-yl)-6, 7-dihydro-5H-benzo[6,7]cyclohepta[l ,2-d]pyrimidin-2-ylamine, combined the 

best features of the series in a single molecule and is an excellent tool compound to probe 

~ pharmacology. It is a potent H4 antagonist and has high selectivity for H4, and 

combines good PK in rats and mice (t112 of2.6 and 1.6 h, oral bioavailability of37% and 

90%) with anti-inflammatory activity (ED50= 37 ,umol/kg, mouse) and efficiency in pain 

models (thermal hyperalgesia, EDso= 72 lffilOI/kg, rat). 
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Fig. 32: Pyrimidine derivatives showing antihistaminic activity 

Antitumor activity: 

New derivatives of the (pyrrolo[3,4-e] and pyrrolo[2,3-e])[1,2,3]triazolo[l,5-

a]pyrimidine and (indolo[2,3-e] and indolo[3,2-e])[l,2,3]triazolo[l,5-a]pyrimidine 
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(112,113),48 were studied for the antitumor activity of three parameters for each cell line: 

pGI5oValue, pTGl value and pLCso value. The more active derivatives were shown to be 

N-[2-( 1H-Im idazo 1-4-y l)ethy 1]-4-( 1 0-methyl-3 -phenyl-5-oxo-5, 1 0-d ihydro-4 H- indo to [3 ,2 

-e ][1 ,2,3]triazolo[1 ,5-a ]pyrimidin-4-yl)butanamide and Ethyl N-[ 4-(1 0-Methyl-3-phenyl-

5-oxo-5, 1 O-dihydro-4H-indolo[3,2-e ][1 ,2,3]-triazolo[l ,5-a ]pyrimidin-4-yl)butanoyl] 

glycinate, endowed with significant anti-proliferative activity against the renal and CNS 

subpanels, respectively (Fig. 33). 

O N~~~COOEt oo:O N~~("CNH 
N, .::;.N N, .::;.N 

N N N N 
\ \ 
c~ c~ 
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-5-oxo-5, 10-dihydro-4H-Indolo[3,2-e][1 ,2,3] 4H-indolo[3,2-e][1 ,2,3]triazolo[1 ,5-a] 

triazolo[1 ,5-a]pyrimidin-4-yl)butanamide pyrimidin-4-yl)butanoyl]glycinate 

112 113 

Fig. 33: Uracil derivatives having anti-tumour activity 

Novel N-1-sulfonylpyrimidine derivatives (114,115) have· a strong 

antiproliferative activity and an ability to induce apoptosis in treated tumor cells. Two N-

1-sulfonylpyrimidine nucleobases49 have showed catalytic activity of tumor cells' 

enzymes involved in DNA and RNA synthesis, and in de novo and salvage pyrimidine 

and purine syntheses. Investigations were performed in vitro on colon carcinoma cells 

(Caco2). The biosynthetic activity of the tumor cells enzymes was· determined using 

sensitive radio-assays. Enzyme activity in treated cells was calculated relative to 

untreated control cells. Both of the investigated compounds, 1-(p

toluenesulfonyl)cytosine (TsC) and 5-bromo-1-(methanesulfonyl)uracil (BMsU) 

inhibited activities of specific enzymes involved in nucleic acid synthesis. BMsU 

strongly inhibited activities of DNA polymerase a (53%), thymidine kinase (68%), 

thymidilate synthase (43%), and ribonucleotide reductase (46%). De novo biosynthesis of 

pyrimidine and purine was reduced by 20%. TsC was able to· inhibit RNA polymerase 

(37%), orotatephosphoribosyl transferase (39%), uridine kinase (44%), ribonucleotide 
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reductase (47%), and de novo purine synthesis (61 %). Antitumor activity of TsC and 

BMsU are closely associated with their inhibitory activity on enzymes that play an 

important role in the metabolism of tumor cells (Fig. 34). 
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Fig. 34: Uracil derivatives having antiproliferative activity 

The syntheses of the novel C-5 substituted pyrimidine derivatives (116,117i0 of 

L-ascorbic acid containing free hydroxy groups at C-2' or C-2' and C-3' positions of the 

lactone ring were evaluated for their cytostatic activity against malignant tumour cell 

lines: murine leukaemia (L1210), human T-lymphocytes (Molt4/C8 and CEM), cervical 

carcinoma (HeLa), breast carcinoma (MCF-7), pancreatic carcinoma (Mia-PaCa-2), 

laryngeal carcinoma (Hep-2), colon carcinoma (SW620) and human normal fibroblasts 

(WI38). Some compounds in the series showed the best inhibitory activities. Cytostatic 

· activities of conjugates were also studied. Among the pyrimidine derivatives of L

ascorbic acid, 5-fluorouracil and 5-(trifluoromethyl)uracil derivatives of 2,3-dihydroxy

L-ascorbic acid showed rather marked cytostatic activities. Compound 5-fluorouracil 

derivatives had the highest inhibitory activity against murine leukaemia (Ll210) cells 

(IC50: 5.2 IM), while 5-(trifluoromethyl)uracil derivatives showed pronounced inhibitory 

activity against all human malignant cell lines (IC5o: 5.6-12.8 IM) except for human 

Tlymphocytes (Fig. 35). 
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Fig. 35: Uracil derivatives describing cytostatic activity 

5-Bromo-1-mesyluracil (115) (BMsUi 1 was used to elucidate the effects of 

BMsU on the biosynthetic activity of tumor cell enzymes involved in DNA, RNA and 

protein syntheses, and in de novo and salvage pyrimidine and purine synthesis. 

Investigations were performed in vitro on human cervix carcinoma cells (HeLa). BMsU 

displayed inhibitory effects on DNA and RNA synthesis in HeLa cells after 24 h of 

treatment. De novo biosynthesis of pyrimidine and purine was also affected. Antitumor 

activity of BMsU is closely associated with its inhibitory activity on the enzymes that 

play an important role in the metabolism of tumor cells. In vivo antitumor activity of 

BMsU was also investigated. Significant reduction in tumor growth time was achieved 

with BMsU administered at a dose of 50 mg/kg (Fig. 36). 
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A series of 6-methylene-bridged uracil derivatives (118-123)52 have been used 

as inhibitors ofhuman thymidine phosphorylase (TP). To enhance the in vivo antitumour 

activity of fluorinated pyrimidine 2'-deoxyribonucleosides such as 2'-deoxy-5-

(trifluoromethyl) uridine (F3dThd), a potent TP inhibitor preventing their degradation to 

an inactive compound, has become a target of medicinal chemistry. Introduction of anN

substituted aminomethyl side chain at the 6-position of 5-chlorouracil has improved 

water solubility and enhanced inhibitory activity compared with the known TP inhibitor, 

6-amino-5-chlorouracil. 5-Bromo-6-(pyrrolidinylmethyl)uracil was reasonably well 

absorbed in mice after oral administration. Combining with F3dThd, 5-bromo-6-

(pyrrolidinyl -methyl)uracil exerted its TP inhibitory potency by increasing the maximum 

plasma concentrations of the former as evidenced in experiments with monkeys. Positive 

changes in pharmacokinetic profile were accompanied by the enhanced in vivo antitumor 

activity of this combination when compared to F3dThd alone, in mice bearing human 

tumorxenografts (Fig. 37). 
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Fig. 37: Uracil derivatives describing antitumor activity 

Antitubercular activity: 

A series of 3,6-dimethyl-6-aryl-1 ,5,6, 7 -tetrahydro-8H-pyrazolo[3',4':4,5]thieno [2,3-

d]pyrimidin-8-ones (124)53 were screened for antitubercular activity against M 

tuberculosis H37 RV. Biological studies indicate that the presence of the 4-chloro phenyl 
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substituent in the 2- position of the pyrimidine ring of the pyrazolo[3 ',4 ~:4,5]thieno[2,3-

d]pyrimidin-8-ones gives useful biological activity (Fig. 38). 
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3,6-dimethyl-6-aryl-1, 5,6, 7 -tetrahydro-8H-pyrazolo 
-[3',4':4,5]thieno[2,3-d]pyrimidin-8-ones 

124 

Fig. 38: Pyrimidine derivatives showing antitubercular activity 

Several derivatives of N1-(4-substituted-benzyl)-pyrimidines (125)54 were 

synthesized as potential inhibitors of thymidine monophosphate kinase of M tuberculosis 

(TMPKmt). Key SAR parameters included the chain length substitution in para position 

of the benzyl ring, the functional group terminating the alkyl chain, and the substituent on 

the C-5 pyrimidine ring. These molecules were assayed against both recombinant enzyme 

and mycobacteria cultures. The most potent compounds have Ki values in the micromolar 

range and a MIC50 of 50 Jlg/mL against M bovis (Fig. 39). 
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Fig. 39: Pyrimidine derivatives having antitubercular activity 



M tuberculosis and M avium infections cause the two most important 

mycobacterioses, leading to increased mortality in patients with AIDS. Various 5-

substituted 2' -deoxyuridines, uridines, 2' -0-methyluridine, 2'-ribofluoro-2'-

deoxyuridines, 3'-substituted-2',3'-dideoxyuridines, 2',3'-dideoxyuridines, and 2',3'

didehydro-2',3'-dideoxyuridines derivatives (126-129)55 were evaluated for their in vitro 

inhibitory activity against M. bovis and M avium. 5-{C-1 Substituted)-2'-deoxyuridine 

derivatives emerged as potent inhibitors of M avium (MIC9o = 1-5 J.lg/mL range). The 

nature of C-5 substituents in the 2'-deoxyuridine series appeared to be a determinant of 

anti-mycobacterial activity. This new class of inhibitors could serve as useful compounds 

for anti-tuberculosis agents (Fig. 40). 
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Fig. 40: Uracil derivatives having antitubercular activity 

Adenosine receptor antagonists: 

The 8-substituted-l ,3-dimethylxanthines (130-132)56 were evaluated in radio ligand 

binding studies at cloned human A1 and A2A adenosine receptors. CH]DPCPX and 

CH]ZM-241385 . were used as radio ligands for A1 and A2A adenosine receptors, 
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respectively. The three series of xanthine derivatives such as disubstituted vanilloid based 

xanthine, isovanilloid based xanthine and monosubstituted xanthine derivatives exhibited 

varying degrees of affinity and selectivity towards At and A2A receptor subtypes. The 

effects of varying the positions of 8-phenyl substituents on affinity and selectivity at At 

and A2A adenosine receptors have been studied. Isovanilloid 1,3-dimethyl-8-[4-methoxy-

3-(2-morpholin-4-ylethoxy)phenylxanthine displayed the highest affinity and selectivity 

towards A2A AR subtypes with K;\.4 I 00 nM over At receptors (K; > 100 mM). It has 

been observed that substitution pattern on 8-phenyl group greatly affects the affinity and 

selectivity at adenosine receptors, with A2A tolerating bulkier substituents than did At 

receptors (Fig. 41). 
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Fig. 41: Pyrimidine derivatives as adenosine receptor antagonists 

New derivatives of 4-aryl-pyrido[l,2-c]pyrimidine containing the 3-{4-piperidyl)

lH-indole residue or its 5-methoxy derivative (133-136i7 were characterized (i) in vitro 

by binding to 5-HTtA receptors and 5-HT transporter proteins in rat brain cortex 

membranes and (ii) in vivo in the mouse by induced hypothermia and forced swimming 

models for antagonist/agonist activity against the 5-HT1A auto receptors and postsynaptic 

5-HT tA receptors, respectively. SAR evaluation indicated that the presence of the 3-(4-

piperidyl)-IH-indole residue and ortho- or para-substituents with-For -CH3 groups in the 

aryl ring as well as an unsubstituted aryl in the 4-aryl-pyrido[l ,2-c ]pyrimidine moiety 

promoted low micromolar inhibition constants (K;) values for both receptors. In contrast, 

the presence of a 5-methoxy-3-(4-piperidyi)~IH-indole residue as well as-CI or -OCH3 

substituents at the para position markedly reduced the receptor affinity (Fig. 42). 
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Fig. 42: Pyrimidine derivatives as adenosine receptor antagonists 

A series of 5'-deoxy-5'-morpholine, piperidine, and pyrrolidine of pyrimidine 

nucleosides (137-142)58 have been shown to have inhibitory action to RNase A. These 

compounds are moderate inhibitors ofRNase A with mid-to-upper micromolar inhibition 

constants (K;). Structure-activity relationship analysis. has demonstrated that the 

compounds with the larger group in the 5' position are more potent. Comparative 

structural analysis of these RNase A complexes with other similar RNase A-ligand 

complexes provides a structural explanation of their potency and suggests ways to 

improve their efficiency and selectivity. These inhibitors can be the starting point for the 

development of compounds that can be used as pharmaceuticals against pathologies 

associated with RNase A homologues such as human angiogenin, which is implicated in 

tumor induced neovascularization (Fig. 43). 
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Fig. 43: Pyrimidine derivatives as adenosine receptor antagonists 

A series of 1-benzyl-3-propyl-1H,8H-imidazo[2,1:f]purine-2,4-dione derivatives 

(143 & 144)59 and a regioisomeric series of diaryl 2- or 4-amidopyrimidines (145)60 are 

new, potent and selective A3 adenosine receptor antagonists containing a xanthine core. 

On extension of SAR studies on related structures in which the effect of different kind of 

substitutions at the 1-, 3- and 8-positions has been evaluated in order to improve both the 

potency and the hydrophilicity of the originally synthesized molecules. The A3 binding 

R= H, CH3 R= CH2CH20H, CH2CH2CH20H, R =Me, Et, Pr 
R'= CH3, CH2CH3, CH(CH3h. CH2CH=CH2, CH2C=CH, 

Ph, 4-0CH3Ph, 4-FPh, 4-PhPh CH2C00Et, CH2CH2N(CH3h 

1~ 1~ 145 

Fig. 44: Pyrimidine derivatives as adenosine receptor antagonists 
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disposition of these compounds was also investigated through docking and 3D-QSAR. 

studies (Fig. 44). 

A one-pot route to 8-substituted xanthenes (146,147/1 has been developed from 

5,6-diaminouracils and carbaldehydes. The process, promoted. by (bromodimethyl)

sulfonium bromide, is mild and efficient and eliminates the need for external oxidants. 

Yields are good and the process is applicable to a range of substrates including a family 

of A2A adenosine receptor antagonists. Preparation of a· new analog of the antagonist 

KW-6002 is presented, and in situ bromination of aryl substituted products demonstrated 

(F~g. 45). 
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Fig. 45: Pyrimidine derivatives as adenosine receptor antagonist 

The adenosine A2A receptor has emerged as an attractive target for the treatment 

of Parkinson's disease (PD). Evidence suggests that antagonists of the A2A receptor (A2A 

antagonists) may be neuroprotective and may help to alleviate the symptoms of PD. 

Several members of the (E)-8-styrylcaffeine class of A2A antagonists also are potent 

inhibitors of monoamine oxidase B (MAO-B). Since MAO-B inhibitors are known to 

possess anti-parkinsonian properties,. dual-target-directed drugs that block both MAO-B 

and A2A receptors may have enhanced value in the management of PD. In an attempt to 

explore this concept further three additional classes of C-8 substituted caffeinyl 

analogues62 were prepared. The 8-phenyl- (148) and 8-benzylcaffeinyl (149) analogues 

exhibited relatively weak MAO-B inhibition potencies while selected (E,E)-8-(4-

phenylbutadien-1-yl)caffeinyl (150) analogues were found to be exceptionally potent 

reversible MAO-B inhibitors with enzyme-inhibitor dissociation constants (K; values) 
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ranging from 17 to 149 nM. Furthermore, these (E,E)-8-(4-phenylbutadien-1-yl)ca:ffeines 

acted as potent A2A antagonists with K; values ranging from 59 to 153 nM. The (E,E)-8-

( 4-phenylbutadien-1-yl)caffeines are a promising candidate class of dual-acting 

compounds (Fig. 46). 
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Fig. 46: Pyrimidine derivatives as adenosine receptor antagonist 

0-mannosyl, 0-galactosyl and 0-glucosyl theophylline nucleosides (151-152)63 

(Fig. 47) are found to inhibit specific binding at A1, A2A, A2s and A3 adenosine receptors. 
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Fig. 47: Pyrimidine derivatives as adenosine receptor antagonist 
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A new series of 1 ,3-dipropyl-8-(1-phenylacetamide-lH-pyrazol-3-yl)-xanthine 

derivatives (153) 64 has been identified as potent A2s adenosine receptor antagonists. The 

products have been evaluated for their binding affinities for the human A2s, A1, A2A, and 

A3 adenosine receptors. N-(4-chloro-phenyl)-2-[3-(2,6-dioxo-1 ,3-dipropyl-2,3,6,7-

tetrahydro-H-purin-8-yl)-5-methyl-pyrazol-l-yl] (154) showed a high affinity for the 

human A28 adenosine receptor Ki=7 nM and good selectivity (A1, A2A, A3/A2s> 140). 

The SAR also showed that the activity of the compounds depend on its substitution (Fig. 

48). 
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Fig. 48: Pyrimidine derivatives as adenosine receptor antagonist 

N-benzyl pyrimido[2, 1-j]purinedione derivatives (155)65 were evaluated for their 

affinity to adenosine A1 and A2A receptors, selected compounds were additionally 

investigated for affinity to the A3 receptor subtype. The results of the radioligand binding 

assays to A1 and A2A adenosine receptors showed that most of the 1 ,3-dimethyl-9-

benzylpyrimidopurinediones exhibited selective affinity to A2A receptors at micromolar 
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or submicromolar concentrations. The best adenosine A1 receptor ligand was m

chlorobenzyl derivative. SARs were discussed with the analysis of lipophilic and spatial 

properties ofthe investigated compounds (Fig. 49). 
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Fig. 49: Pyrimidine derivatives as adenosine receptor antagonist 

The adenosine A2A receptor has emerged as a possible target for the treatment of 

PD. Evidence suggests that antagonism of the A2A receptor not only improves the 

symptoms of the disease but may also protect against the underlying degenerative 

processes. It has been reported that several known adenosine A2A receptor antagonists 

(A2A antagonists) also are. moderate to very potent inhibitors of monoamine oxidase B 

(MAO-B). (£)-8-styrylcaffeinyl analogues (156) were found to be inhibitors of MAO-B. 

The most potent among these was (E)-8-(3-chlorostyryl) caffeine (CSC),66 a compound 

frequently used when examining the in vivo pharmacological effects of A2A antagonists. 

Since MAO-B inhibitors are also thought to possess anti-parkinsonian properties, d~al 

targeting drugs that block both MAO-B and A2A receptors may have enhanced 

therapeutic potential in the treatment of PO (Fig. 50). 

Amino-substituted pyrido[2,3-d]pyrimidinediones (157-160)67 have been found 

to bind to adenosine A1 and A2A receptors in micromolar concentrations. The SARs of 

this class of compounds were provided with polar substituents, such as ethoxycarbonyl 

groups and basic amino functions, in order to improve their water-solubility. The most 

potent and selective compound ofthe present series was 6-carbethoxy-1,2,3,4-tetrahydro-
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Fig. 50: Pyrimidine derivatives as adenosine receptor antagonists 
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Fig. 51: Pyrimidine derivatives as adenosine receptor antagonists 

1,3- dimethyl-5-(2-naphthylmethyl)-aminopyrido[2,3-d]pyrimidine-2,4-dione with a K; 

value of 5 nM at rat and 25 nM at human A1 receptors. The compound was more than 60-
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fold selective versus A3 and more than 300-fold selective versus A2A receptors. It showed 

an over 300-fold improvement with respect to the lead compound. In GTPyS binding 
.. 

studies at membranes of Chinese hamster ovary cells recombinantly expressing the 

human adenosine A 1 receptor, behaved as an antagonist with inverse agonistic activity. A 

regioisomer of 6-carbethoxy-1 ,2,3,4-tetrahydro-1 ,3-dimethyl-7 -(2-naphthylmethyl) -

aminopyrido[2,3-d]pyrimidine-2,4-dione m which the 2-naphthylmethyl- amino 

substituent at position 5 was moved to the 7-position, was a relatively potent (K,=226 

nM) and selective (>20-fold) A3 ligand. In the series of compounds lacking an electron

withdrawing ethoxycarbonyl or cyano substituent in the 6-position, compounds with high 

affmity for adenosine A2A receptors were identified, such as 1 ,2,3,4-tetrahydro-1 ,3-

dimethyl-5-(l-naphthyl)aminopyrido[2,3-d]pyrimidine-2,4-dione (K; human A2A = 81.3 

nM, Ki human A1 = 153 nM, and K; human Ay 10,000 nM) (Fig. 51). 

MMP inhibitors: 

The most significant impediment to the development of an MMP (matrix 

metalloproteases) inhibitor for the treatment of any diseases musculoskeletal syndrome 

(MSS), a side effect clinically observed with non-selective MMP inhibitors. MSS is 

characterized by a stiffening of various joints and may derive from a lack of normal 

turnover of extra cellular matrix due to inappropriate inhibition of one or more non

targeted MMPs. Using SAR from two related series of pyrimidinetrione-based 

inhibitors,68 compounds with potent MMP-13 inhibition and> 100-fold selectivity against 

other MMPs have been identified. Despite high molecular weights and polar surface 

areas, the compounds are generally well absorbed and have excellent pharmacokinetic 

(PK) properties when dosed as sodium salts. In a rat fibrosis model, a compound from the 

series displayed no fibrosis at exposures many fold greater than its MMP-13 ICso. The 

series of pyrimidine derivatives display good potency and promising selectivity. Two of 

these, the 4-aryloxazol-2-yl and 3-aryl-1,2,4-oxadiazol-5-yl systems (161,162), were 

investigated thoroughly with particular attention to the effects of substituents on the 

pendant aryl ring (Fig. 52). 
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Fig. 52: Pyrimidine derivatives as MMP inhibitors 

Radio sensitizing activity: 

Two novel dual functional agents, 3[3-(2,4-dinitro-phenylamino)propyl]-5-fluoro -lH

pyrimidine-2,4-dione (163) and N-[3-(2,4-dinitro-phenylamino)propoxy]urea (164),69 

(Fig. 53) resulting from linkage of 2,4-dinitrophenylamine through three carbon atoms 

with 5-fluorouracil and hydroxyurea, respectively, were in vitro aerobic cytotoxicities in 

HT-29 cell line with and without radiation were determined. Compounds unlike their 

components were not cytotoxic but showed radiosensitizing activity. 
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164 

Fig. 53: Pyrimidine derivatives demonstrating radio sensitizing activity 

Gonadotropin-releasing hormone antagonist: 

Gonadotropin-releasing hormone (GnRH) is a decapeptide released from the 

hypothalamus. It stimulates the GnRH receptor in the pituitary gland to release follicle

stimulating hormone (FSH) and luteinizing hormone (LH), which in turn regulate 
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gonadal steroid hormone production. Down-regulation of the hypothalamic-pituitary

gonadal hormonal axis with peptidic GnRH agonists has been shown to alleviate disease 

conditions associated with endometriosis, uterine fibroids, breast, and prostate cancer. 

Treatment of various 2-methyl oxazolines or thiazolines with chlorocarbonylisocyanate 

gives the corresponding bicyclocoxazolino- or thiazolino[3,2-c]pyrimidin-5,7-dione 

derivatives70 (165) in very good yield. This reaction has been applied to the rapid 

syntheses of human gonadotropin-releasing hormone (hGnRH) receptor antagonists for 

SAR study, resulting in (2-chloro, 3-methoxy)phenylthiazolino[3,2-c]pyrimidin-5,7-

diones with binding affinity in the low nano molar range (4.5 nM) (Fig. 54). 

0 
I 

X=O,S 

( 3S)-5-(2 -(benzylamino )ethyl)-7 -(2-fl uoro-3 
methoxyphenyl)-tetrahydro-3-phenylfuro 

[3,2-c]pyridine-4,6(2H,5H)-dione 

Fig. 54: Pyrimidine derivatives as Gonadotropin-releasing hormone antagonist 

Antileishmanial agent: 

Leishmaniasis is caused by different species belonging to the genus Leishmania, a 

protozoan which is transmitted to humans by the bite of an insect vector, 

phlebotominesand fly. Infection by various strains of Leishmania causes a wide spectrum 

of disease in humans, with many different clinical manifestations, i.e., cutaneous, 

mucocutaneous and visceral. The visceral form of Leishmaniasis, commonly known as 

kala-azar, is caused by the parasite Leishmaniadonovani, which affects 61 out of the 88 

countries worldwide. A series of dihydropyrido[2,3-d]pyrimidines (166)71 have been 

screened for its in vitro anti1eishmanial activity profile in promastigote and amastigote 

models. Compounds have shown 83-100% inhibition against promastigotes and 79-100% 

inhibition against amastigotes at a concentration of 50 flg/mL (Fig. 55). 
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Fig. 55: Pyrimidine derivatives having antileishmanial activity 

PDE-4 inhibitors: 

The phospodiesterase (PDEs) family is particularly abundant in immune competent cells, 

where an increase of cAMP leads to the inhibition of the synthesis and release of pro

inplammatory mediators. Due to their crucial role in regulation in cell function, PDEs 

have become good clinical targets for the treatment of inplammation, asthma, erectile 

dysfuncion etc. A series of pyrido[2,3-d]pyrimidine-2,4-dlones (167-170)72 bearing 

substituents at C-3 and/or C-4 position on the pyridine ring were found to potent 

phosphodiesterase 4 (POE 4) inhibitors (Fig. 56). 
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Fig. 56: Pyrimidine derivatives as PDE-4 inhibitors 
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MEK inhibitors: 

The RAF-MEK-ERK pathway mediates proliferative and anti-apoptotic signaling from 

growth factors and oncogenic factors such as RAS and RAF in mutant phenotypes that 

promote tumor growth, progression, and metastasis. This pathway is inappropriately 

activated in 30% of all human cancers, resulting in the activation of ERK via 

phosphorylation. A novel series of 5-phenylamino-8-methylpyrido[2,3-d]pyrimidine-

4,7(3H,8H)-dione (171) have shown MEK inhibitory effects which has been developed 

using structure-based drug design. Lead optimization of this series led to the discovery of 

T AK-733. This was advanced to Phase I clinical studies for cancer treatmene3 (Fig. 57). 
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CHAPTER2 



Section A 

A clean, highly efficient and one-pot green synthesis of aryl/alkyl/ 

heteroaryl-su bstituted bis( 6-amino-1,3-dimethyluracil-5-yl)methanes in 

water 

Introduction: 

The general belief is that life. started from organic compounds in an aqueous 

environment. Szent-Gyorgyi rightly dubbed water as the "matrix of life"1 and it is 

regarded as a universal solvent. Mimicking nature and bearing in mind environmentally 

friendly protocols, the use of water as a remarkable solvent with a difference in organic 

synthesis has received considerable attention in recent times.2 The reason behind this is 

that water is the solvent of choice from not only an ecological but also from an economic 

point of view. Water is cheap, safe, natural, non-flammable, abundant, available and 

environmentally benign, that is, it is a 'green' solvene associated with easy reaction 

work-up. Compared with common organic solvents, the unique and unusual physical 

(low viscosity, high specific heat, high surface tension, high dielectric c~nstant, large 

cohesive energy density etc.) and chemical properties (ability to form hydrogen bonds, its 

amphoteric nature etc.) of liquid water help to increase the reactivity and selectivity of 

chemical reactions.4 Moreover, hydrophobic interactions are also responsible for its 

reactivity. [n spite of these potential advantages, water has not found use as a common 

organic solvent because most organic compounds are insoluble in water ac·cording to the 

assumption "corpora non agunt nisi solute" (substances do not interact unless dissolved). 

Regardless ofthis, however, there are many examples of aqueous media reactions,5 water 

used as a co-solvent or on-water6 reactions performed without dissolving the organic 

compounds (coined as the "on-water-effect"). Efforts have been made to dissolve organic 

compounds in water by adding additives like surfactants7 and applying heat.8 Rideout and 

Breslow's seminal observation that Diets-Alder reactions could be greatly accelerated by 

using a water suspension rather than solution instead of organic solvents established the 

importance of water in organic synthesis.9 Since then, this area of research has 
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burgeoned. On the other hand, organic solvents contribute the lion's part to the pollution 

problem in practical chemistry,10 both in the laboratory as well as in industry. Hence, the 

search for efficient synthetic methodologies for organic reactions without the use of 

organic solvents is an important challenge in reducing the amount of waste generated. 11 

An ideal organic reaction demands that it would proceed neat, that is, with no solvent, or 

in an environmentally benign solvent such as water. 

Uracil, a nucleobase of the pyrimidine family, is one of the major motifs present 

in the biopolymer RNA12 and it plays several crucial roles in our life cycle. 13 The 

versatility of the uracil scaffold and its derivatives, as exhibited by their wide range of 

biological activities, has brought chemists 14 and biologists together. 15 Several patents also 

report promising pharmaceutical agents of uracil origin for the treatment of cancer and 

viral diseases. 16 To name but a few, uracil derivatives are also useful as bronchodilators 

and anticancer agents, 17 antiallergic agents, 18 antiviral agents, 19 antihypertensive agents20 

and adenosine receptor antagonists?1 In addition, 5-substituted uracils and their 

nucleosides are widely used in the chemotherapy of cancer?2 Pyrimidine derivatives have 

also been used in coordination chemistry.23 In view of the biological significance of 

pyrimidine compounds, we have been focussing on the design and synthesis of such 

pyrimidine derivatives.24 

Materials and Methods: 

Melting points were determined with a Blichi 504 apparatus. IR spectra were recorded as 

KBr pallets with a Nicolet (Impact 410) FT-IR spectrophotometer. 1H and 13C NMR 

spectra were recorded with a JNM ECS 400 MHz NMR spectrophotometer (JEOL) using 

tetramethylsilane (TMS) as the internal standard. X-ray intensity data were collected with 

a Bruker SMART APEX CCD area-detector diffractometer with Mo-Ka radiation (A. == 

0.71073 A). The structures were solved by SHELX97 and refined by full-matrix least

squares on F (SHELX97).42 Reactions were monitored by thin-layer chromatography 

using aluminium sheets with silica gel 60F254 (Merck). Elemental analyses were carried 

out with a Perkin-Elmer CHN analyser (2400 series IT). Mass spectra were recorded with 

a Waters Q-TOF Premier and Aquity UPLC spectrometer. All the chemicals were used as 

received. 
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Compounds: 

All the tested compounds were synthesized by our general reaction procedure. The 

structure was confirmed on the basis of IR, 1H and 13C NMR spectroscopy, mass 

spectrometry, elemental analyses and single crystal X-ray analysis. 

Chemicals: 

l,I-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Hi-Media (NE) and Gallic 

acid was purchased from Sigma-Aldrich (Mumbai, India) for the experiment. All the 

·other chemicals used including the solvents, were of analytical grade. Bacterial strains 

were kindly provided by Prof. B. K. Konwar, Department of Molecular Biology & 

Biotechnology, Tezpur University, Assam, India and fungal strains were supplied by 

Department of Plant Pathology, Assam Agriculture University, Jorhat, Assam, India. 

Preparation of standards for bioactivity test: 

Each sample was dissolved in absolute ethanol (analytical grade) and stock solutions of 

I mg/ml were prepared for the· experiment. 

Concentrations of 25mg/mL, 50mg/mL, I OOmg/mL, I50mg/mL, 200mg/mL, 

250mg/mL and 500g/mL of uracil derivatives in the sterilized DMSO were prepared. 

Sterilized DMSO without the test compound as negative control, another with gentamicin 

(lmg/mL) as positive control for the bacteria and for fungi clotrimazole (lmg/mL) were 

used to serve as positive control. 

Antioxidant assay procedure: 

Free radical scavenging activity ofthe extracts was measured using the method of Brand

Williams et af5 with some modification. A O.I mM solution of DPPH (1 ,I-diphenyl-2-

picryl-hydrazyl) in ethanol was prepared and 3 ml ofthis solution was added to I ml of 

the extract in various concentrations (0.1-1.0 mg/ml). Gallic acid was used asstandard 

antioxidant in same concentrations. The decrease in absorbance at 5I7 nm was measured 

after 30 min. Free radical scavenging activity was expressed as the percentage of DPPH 

decrease and percentage of scavenging activity was calculated from 

% scavenging activity = (A control - A compound)/ A control X 100 
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The assays were carried out in triplicate and the results were expressed as mean 

values ± standard deviation. The extract concentration providing 50% inhibition (IC50) 

was calculated _from the graph of scavenging effect percentage against the extract 

concentration. The inhibition curves were prepared and IC50 values were obtained. 

Antibacterial and antifungal assay procedure: 

The agar well diffusion technique was used in the present investigation, following the 

procedure described by Boakye-Yiadom,26 Banso and Adeyemo,27 and Radhika et a/.28 

Five (5) wells, 8mm each were made on solidified nutrient agar and Sabouraud Dextrose 

Agar (SDA) media plates, respectively with the help of a sterile cork borer. 200,ul of the 

log phase culture of the test microbes which inc tudes Staphylococcus aureus (A TCC 

11632), Bacillus subtilis (ATCC 11774), E. coli (ATCC 9637), Pseudomonas aeruginosa 

(MTCC 7812), Pseudomonas aeruginosa (MTCC 7814), Pseudomonas aeruginosa 

(MTCC 7815) and Pseudomonas aeruginosa (MTCC 7816) were seeded on the surface 

of the nutrient agar medium while Candida albicans, Aspergillus niger, Colletotricum 

cappci (MTCC 227), Rhizoctonia solani, Fusarium oxysporium were seeded on the SDA 

·medium, using swab stick. The cut agar discs were removed with the aid of sterile 

forceps. Concentrations of 25mg/mL, 50mg/mL, lOOmg/mL, 150mg/mL, 200mg/mL, 

250mg/mL and 500mg/mL of the compound in the sterilized DMSO were separately 

introduced into separate wells. Two (2) control holes were set up, one filled with 

sterilized DMSO without the test compound as negative control, another with gentamicin 

as positive control for the bacteria and for fungi, clotrimazole was used to serve as 

positive control. The plates were incubated at 37 ·c for 24 h and 15 days at 27 ·c 
respectively for the bacterial and fungal cultures. The observed zones of inhibition were 

measured using transparent metric ruler. 

MIC assay procedure: 

Bacteria culture maintained in nutrient ager slants at 4-5 oc were transferred to 1 0 ml of 

nutrient broth and incubated overnight at 37 °C. A pure culture was prepared by 

transferring 1 ml of the above culture to 9 ml of nutrient borth and incubated for 24h. 

Ampicillin (1 mg/ml) was used as positive control. Minimal inhibitory concentration 
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(MIC) of the test compounds were determined by barth dilution method. The different 

concentrations of test compounds were preparing by diluting it in pure sterilized nutrient 

barth. The MIC was recorded as the lowest dilatation ofthe tested sample inhibiting the 

visible growth of the test microorganism after 24 h for the bacterial cultures respectively 

on the 96 well micro titer plates. 

Results and Discussion: 

Thus, bearing in mind the importance of water and the uracil moiety together, herein, we 

report a clean, highly efficient and one-pot green method for the synthesis of bisuracil 

compounds (3) by the reaction of 6-amino-1,3-dimethyluracil (1; at the 5-position) and 

aldehydes (2) in water at room temperature without using any catalyst, surfactant, 

additive, dehydrating agent, heat or organic solvent (Scheme 1). 

L
o _...Me 

N + 2 
H N N~O 

2 I 

R-CHO __ H-=2-0___,~ 
Stirring, r.t. 

Me 
1 2 

R= Ph, OCH3Ph, p-CIPh, p-OHPh, p-CH3Ph, p-N02Ph, m-N02Ph, 

H, CH3, CH3-(CH2h. CH3-(CH2h. Q , Q 
Scheme 1: Synthesis ofbisuracil derivatives (3) 

In 1986, Lam and Pridgen first reported the reaction of unsubstituted uracil with 

aromatic aldehydes in aqueous mineral acids (e.g., cone. HCI, HBr, HI or H2S04) at 

reflux.29 Depending on the nature of substituents on the aldehydes, they obtained a 

mixture of (hydroxymethyl)uracil and his-uracil adducts. The condensation reaction of 

substituted 6-aminouracils and aromatic aldehydes in ethanol at reflux or under 

microwave irradiation wetted by DMSO afforded bis-uracil compounds.30 However, in 

both the cases, the reaction failed with aliphatic and heteroaromatic aldehydes. Another 
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report presented the synthesis of his-uracil compounds from aromatic aldehydes only in 

methanol and acetic acid.31 Hlavac and co.:.workers in 2007 further explored the reaction 

of urisubstituted uracil with 4-nitrobenzaldehyde and obtained 5-[chloro(4-

nitrophenyl)methyl]uracil at reflux in aqueous mineral acids and continued the 

generalization for the synthesis of 5-[alkoxy( 4-nitrophenyl)methyl]uracils from 5-

[chloro(4-nitrophenyl)methyl]uracil. They also studied the anticancer activity of the 

synthesized compounds.32 Bazgir and co-workers in 2007 reported the formation of fused 

pyrimidine derivatives via his-uracil as intermediate in a three-component reaction of 6-

amino-1 ,3-dimethyluracil, aldehydes and urea catalysed by acetic acid under microwave 

irradiation.33 Again, this method is limited to aromatic aldehydes only. An interesting 

report from Shi et aP4 showed that the three-component reaction of aromatic aldehyde, 6-

aminopyrimidine-2,4-dione and meldrum's acid iri water in the presence of 

triethylbenzylammonium chloride (TEBAC) at 90 oc for 18-32 h led to the formation of 

5-benzylidenepyrimidine-2,4,6-( 1H,3H,5H)-trione and 5,5 '-(arylmethylene )bis[6-amino -

pyrimidine-2,4(1H,3H)-dione]. However, none of these reported methods are general 

covering all types of aldehydes: aliphatic, aromatic and heterocyclic. Moreover, the use 

of mineral acid, acetic acid, additives, microwave irradiation or reflux conditions in 

common organic solvents are necessary for the synthesis of such substituted or 

unsubstituted his-uracil· adducts. Thus, a general and "green" method is required. Our 

method eliminates all of the above mentioned drawbacks with added advantage. 

Bis-uracil and their analogues have also been isolated from marine sea hare 

Do/abel/a auricularia.35 Semenov and co-workers have been actively working on the 

synthesis of N-substituted his-uracil analogues and the bioactivities associated with the 

synthesized compounds.36 

In an attempt to synthesize imines (4) from 6-amino-1,3-dimethyluracil (1) and 

benzaldehyde (2, R = Ph) (Scheme 2) we tested several reaction conditions, both 

conventional and non-conventional, using a catalyst or in the absence of catalyst and in 

the presence or absence· of solvent. However, all the attempts went in vain and we 

observed the following interesting results. 
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A .,...Me 

· JL .. 1 + R-CHO 
H2N N 0 

I 
Me 

1 2 

0 

L .,...Me 
X ., N 

R-HC=N N~O 
I 

Me 

4 

RX:o .,...Me 

or, 7 
H2N NAO 

I 
Me 

5 

Scheme 2: Synthesis of imine (4) or alkene (5) 

As a model reaction, when we simply stirred 6-amino-1 ,3-dimethyluracil (1) and 

benzaldehyde (2a; R == Ph) in water at room temperature, we ended up with the formation 

of 5,5 · -phenylmethylenebis(l ,3-dimethyl-6-aminopyrimidine-2,4-dione) (3a) within 1 h 

in 95% yield (Scheme 1): The reaction was monitored by TLC. Interestingly, the reaction 

was very clean providing only one product, that is, (3a). We did not observe the 

formation of product (4) nor the other possible product (5) (Scheme 2). As the reaction 

progressed, we observed that the product started to precipitate from the aqueous solution 

and simple filtration afforded the product. The structure was confirmed by lR, 1H and 13C 

NMR spectroscopy, mass spectrometry and elemental analyses. The 1H NMR peaks at <5 

== 3.27 (3 H), 3.34 (3 H) and 3.44 (6 H) ppm are due to the four N-methyl groups, the 

peak at <5 == 5.79 ppm is due to the >CH proton, the broad singlet peaks at <5 == 6.48 and 

6.96 ppm are due to the two -NH2 protons and the peaks at <5 == 7.14-7.25 ppms are due 

to five aromatic protons. The two -NH2 groups were confirmed by shaking with 0 20, i.e. 

the -NH2 peak disappeared from the 1H NMR spectrum upon shaking with 0 20. The 

structure was further confirmed by single crystal X-ray analysis. Suitable crystals were 

obtained by slow evaporation from ethanol solution. 

Encouraged by this result, to study the scope and limitations of the reaction 

further, we extended the reaction to other differently substituted aromatic, aliphatic and 

heterocyclic aldehydes and ketones (entries 2a-p) under the same optimized reaction 

conditions. The results are summarized in Table 1 (entries a-p). All the aldehydes 

(entries a-m, Table 1) reacted with equal ease within short times to furnish the bis

uracils (3a-m) in good-to-excellent yields (75-99%) and with no side-products. 

As illustrated in Table 1 (entries a-m), it is evident that aromatic, aliphatic and 

heterocyclic aldehydes are equally effective for the synthesis of his-uracil (3). We also 
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obtained very good yields (>90%) with aliphatic aldehydes (entries j-m, Table 1). With 

paraformaldehyde (entry j, Table 1), 6-amino-1,3-dimethyluracil (1) afforded the his

uracil adduct (3j), 6,6 '-diamino-1, 1 ',3,3 '-tetramethyl-5,5 '-methylene-bis[pyrimidine-

2,4(1H,3H)-dione] (91% yield). However, under both acidic and basic conditions, 

unsubstituted uracil reacted with paraformaldehyde to produce 5-hydroxymethyluracil, as 

reported by Kong et a/.37 This is in sharp contrast to that report in which the reaction with 

aliphatic aldehydes was not mentioned. We performed the reaction with another three 

aliphatic aldehydes (entries k-m, Table 1) with different carbon chain lengths and all the 

products were confirmed by N,MR eH and 13C) and FTIR spectroscopy, mass 

spectrometry, elemental analyses and single crystal X-ray analysis. ORTEP diagrams for 

Table 1: Synthesis ofbisuracil derivatives (3) 

Entry Carbonyl compounds 2 Timelh m.p.CC) Yield (%ial 

a C6HsCHO l 296-299 95 

b p-OMeC6~CHO 3 273-275 91 

c p-ClCJI4CHO 114 268-270 99 

d p-OHC6H4CHO 7 245-248 75 

e p-MeC6H4CHO 114 276-279 99 

f p-N02C6~CHO 10 228-229 73 

g m-N02C6~CHO 5 224-225 82 

h 2-furaldehyde 246-250 99 

Thiophene-2-carbaldehyde 6 309-312 87 

J Para formaldehyde 328-334 91 

k CH3CHO 3 253-256 92 

CH3(CH2)2CHO 3 232-233 93 

m CH3(CH2)3CHO 3 159-162 90 

n (CH3)2CO 48 - lbJ 

0 CH3COPh 48 - lbl 

p PhCOPh 48 - [b] 

[a] Isolated yield [b) No product found 
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compounds (3a), (3c) and {3j) are shown in Fig. 1, 2 and 3, and crystallographic data for 

the same are given in Tables 2, 3 and 4 respectively. From these ORTEP diagrams, it is 

clear that both the amino groups and the two uracil rings are oriented oppositely and 

hence they exist in different magnetic environments, which are manifested in their NMR 

spectra. Our methodology is also equally effective for heterocyclic compounds. 2-

Furaldehyde (entry h, Table 1) and thiophene-2-carbaldehyde (entry i, Table 1) provided 

the desired products (3h) and (3i) in 99 and 87% yields, respectively. 2-Furaldehyde 

reacted within 1 h, but thiophene-2-carbaldehyde required a longer reaction time (6 h). 

No other products were detected. The structures of the products were confirmed by NMR 

(both 1H and 13C) and FT -IR spectroscopy, mass spectrometry, elemental analysis and 

single-crystal X-ray analysis. The ORTEP diagram of product (3h) is shown in Fig. 4 and 

detail crystallographic data for the same are given in Table 5. 

Interestingly, on the other hand, in the case of para-hydroxy-substituted 

benzaldehyde (entry e, Table 1), low yields (73%) ofthe product was obtained probably 

due to the formation of intermolecular hydrogen-bonding with water. 

Realizing the established difference in reactivity of aldehydes and ketones, we 

also studied the reaction of 6-amino-1,3-dimethyluracil (1) with ketones (Scheme 1, 

Table 1, entries n-p). However, the reaction failed to proceed even after a long time (24 

h) with each ketone, which shows the chemoselectivity of the reaction, and all the starting 

materials were recovered as such. Further, this chemoselectivity was also established in a 

competitive experiment involving benzaldehyde (entry 2a; 0.5 mmol, Table 1), 

benzophenone (entry 2p; 0.5 mrnol, Table 1) and uracil (1) (2.0 mmol). Benzaldehyde 

reacted as described in Scheme 1 providing the desried product (3a), whereas 

benzophenone did not react at all. Unreacted benzophenone (2p) and uracil (1) were 

recovered along with the desired product (3a). 
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Fig. 1: ORTEP diagram of compound (3a) 

Table 2: Detai l crystallographic data of (3a) 

Formula C39H22N604 

M 398.43 

Crystal system Monoclinic 

Temperature/K 296 (2) 

Space group P2J/n 

a/ A 12.3254(3) 

bl A 8.1844(2) 

ci A 19.5575(5) 

a (o) 90 

~ (0) 105.746(2) 

y C) 90 

VI A3 1898.85(8) 

z 4 

Del mg·m-3 1.394 

Reflns. co llected 26001 

Reflns. unique 4534 

R(int) 0.0386 

Index ranges -16<=h<= 16, -9<=k<= IO, -25<=1<=25 

Refinement method Fu ll-matrix, least squares on F-
wRz 0.1227 R1 0.0412 GoF 1.09 1 
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Fig. 2: ORTEP diagram of compound (3c) 

Table 3: Detail crystallographic data of (3c) 

Formula Ct9H2tN 604CI 

M 432.87 

Crystal system Orthorhombic 

Temperature/K 296(2) 

Space group P212121 

a/ A 11.5365(3) 

bl A 14.5935(4) 

ciA 23.2102(6) 

a (o) 90 

~ (0) 90 

y (0) 90 

VI A3 3907.62(18) 

z 8 

Del mg·m-3 1.472 

Retlns . co llected 53787 

Reflns . unique 9742 

R(int) 0.0379 

Index ranges -15<=h<= 15, -l9<=k<= 19, -30<=h<=30 

Refinement method Fu ll-matrix, least squares on F-
wR2 0.1449 R1 0.0558 GoF 1.049 
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Fig. 3: ORTEP diagram of compound (3j) 

Table 4: Detail crystal lographic data of (3j) 

Formula CnHt sN60 4 

M 322.33 

Crystal system Monoclinic 

Temperature/K 273(2) 

Space group P21/c 

a/ A 14.2901 (I 0) 

bl A 12.0 192(8) 

ciA 8.2592(6) 

a (o) 90 

~ (0) 93 .7040(1 0) 

y (0) 90 

VI A3 1415 .60( I 7) 

z 4 

Del mg·m-3 1.512 

Reflns. co llected 6993 

Reflns . unique 2477 

R(int) 0.0175 

Index ranges -14<=h<= 16, - ll <=k<=14, -9<=h<=9 

Refinement method Full-matrix, least squares on F-
wR2 0.1054 Rt 0.0363 GoF 1.047 
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Fig. 4: ORTEP diagram of compound (3h) 

Table 5: Detail crystallographic data of(3h) 

Formula C11H2oN60 s 

M 38839 

Crystal system Monoclinic 

TemperatureiK 273(2) 

Space group P21/c 

al A 11.2940(10) 

bl A 14.7991(13) 

c! A I 0.8625(1 0) 

a (0
) 90 

p (0
) 102.960(2) 

'Y (0
) 90 

VI A3 1769.3(3) 

z 4 

Del mg· m-3 1.458 

Reflns. collected 16726 

Reflns. unique 3116 

R(int) 0.0234 

lndex ranges -13<=h<= 13, -17<=k<= l7, -12<=h<= l2 

Refinement method Full-matrix, least squares on r 
wR2 0.1091 R1 0.0388 GoF 1.036 
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In the same way, when the reaction of (1) with cinnamaldehyde was performed, 

from the NMR spectrum, formation of both cis I trans his-uracil (7) & (8) (Scheme 3) 

adducts were observed. However, attempt to separate the trans or cis product by column 

or thin layer chromatographic technique failed. But, upon recrystallisation, only the trans 

product recrystallized out in the form of square size transparent crystals. Finally, the 

product was confirmed by single crystal X-ray analysis. The ORTEP diagram of 

compound (8) is shown in Fig. 5. 

Stirring, r.t. 

1 6 7 8 

Scheme 3: Synthesis of cis I trans his-uracil (7) & (8) 

Interestingly, when salicyldehyde was reacted with (1), 5-{6-amino-1,2,3,4-

tetrahydro-1 ,3-dimethyl-2,4-dioxopyrimidin-5-yl)-1 ,3-dimethylpyrimido[ 4,5-b ]-quinoline 

-2,4(1H,3H,5H, lOH)-dione (11) formed and reaction proceeded via his-uracil adduct (10) 

(Scheme 4). The structure of the compound was confirmed by single crystal X-ray 

analysis. NMR and IR spectroscopy, mass spectrometry and elemental analysis support 

the structure. The ORTEP diagram of compound (11) is shown in Fig. 6. 

Scheme 4: Synthesis ofpyrimido[4,5-b]quinoline-2,4-dione derivative (11) 
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Fig. 5: ORTEP diagram of compound (8) 

Table 6: Detail crystallographic data of (8) 

Formula c21H2~6o4 

M 424.5 

Crystal system Monoclinic 

Temperature/K 293 K 

Space group P2tlc 

a/ A 11.4666(9) 

bl A 12.3330(11) 

ciA 14.7670(12) 

a (o) 90 

~ (") 99.632(8) 

y (0) 90 

VI A3 2058.9(5) 

z 4 

Del mg·m-3 \.37 

Reflns . collected 9676 

Reflns. unique 1147 

R(int) 0.072 

Lndex ranges -15<=h<=15, -14<=k<= 16, -20<=h<= l8 

Refinement method Full-matrix, least squares on F-
wR2 0.2154 R1 0.082 GoF0.974 
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Fig. 6: ORTEP diagram of compound (11) 

Table 7: Detail crystallographic data of (11) 

Fonnula 2(CI9HzoN604)·7(Hz0) 

M 918.93 

Crystal system 

Temperature/K 

Space group 

a/ A 
bl A 
ciA 
a (o) 

~ (0) 

y (0) 

VI A3 
z 
Del mg·m-3 

Reflns . collected 

Reflns . unique 

R(int) 

lndex ranges 

Refinement method 

wRz 0.2358 
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293 K 

C 2/c 

29.993(4) 

7.91 05(6) 

21.458(3) 

90 

119 .860(16) 

90 

4415.2(12) 

4 

1.379 

5906 

1756 

0.0766 

-40<=h<=40, -1 O<=k<= 10, -29<=h<=29 

Full-matrix, least squares on F-
GoF 1.028 



To extend the scope of the reaction one step further, we also studied the reaction of 6-

amino-1 ,3-dimethyluracil (1) with dicarbaldehyde (12) (Scheme 5). The results are 

reported in Table 8 (entries a and b). In the case of an aliphatic dicarbaldehyde, 

glutaraldehyde (entry b, Table 8), we obtained the tetrakis-uracil adduct (14), but in the 

case of p-benzenedicarbaldehyde (entry a, Table 8), we obtained the his-uracil adduct 

(15) instead ofthe tetrakis-uracil adduct, as evidenced by the appearance ofthe aldehydic 

peak at ~ = 9.96 ppm in the 1 H NMR spectrum and at ~ = 192.04 ppm in the 13C NMR 

spectrum of (15). 

L
o _...Me 

4 7 + OHC-R-CHO 

HN NAo 
2 I 

Me 

1 12 

H20 ., 
Stirring, r. t. 

15 

Scheme 5: Synthesis oftetrakisuracil derivatives (13) 

Only a few examples ofthe nucleophilic nature38 ofthe 5-position of uracil and its 

metal-binding capacity have been reported.39 Indole also shows similar nucleophilic 

behaviour at the 3-position and reacts with the carbonyl moiety to produce bis-indolyl 

compounds.40 
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Table 8: Synthesis oftetrakisuracil derivatives (13) 

Entry Carbonyl Compounds (12) Timelh m.p. (oC) Yield (%)[a] 

a p-(CHO)C6t4(CHO) 7 301-303 86 

b CHO(CH2)sCHO 7 194-195 89 

[a] Isolated yield 

At this stage, the detailed mechanism is not fully understood. A plausible 

mechanism for the reaction is shown in Scheme 6. Mechanistically, the nucleophilic 5-

position of6-amino-1,3-dimethyluracil (1) attacks the carbon centre ofthe aldehyde (2) 

and is followed by elimination of a water molecule. A second molecule of (1) then 

attacks at the nucleophilic 5-position to afford the product (3). 6-Amino-1,3-

dimethyluracil (1) is water-soluble, when the aldehyde, which is insoluble, is added to an 

aqueous solution of uracil (1) the reaction probably occurs at the water-organic layer 

interface. As soon a5 the product forms, it precipitates owing to its hydrophobic nature, 

which might be the driving force for the reaction. 

Me,:1° ~~) 
7 I + ~----~ 

O~N ~H2 H R 
I Me 
1 2 

0 

Me, :to f-::(,(" 
N :::::r R . I 
1 v Me 

O~N ';;H 
I 
Me 

R 
Me NH2 I 0 ,Me 

o~:rc~~o 
M~ 0 H2N Me 

B 3 

Scheme 6: Plausible reaction mechanism for the synthesis ofbis-uracil (3) 
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Bioactivity tests: 

Antioxidant assay: 

Fig. 7 shows the antioxidant effect of 5 pyrimidine compounds (8), (14), (3g), (3b), (31) 

respectively and gallic acid as a function of various concentrations . The strong 

antioxidant activities ofthe compounds were revealed in Table 9. 

Table 9: IC50 value of 5 Pyrimidine compounds 

Pyrimidine compound no. 

8 

14 

3g 

31 

3b 

ICso value (.ugm/ml) 

372.1±4.3 

198±3.2 

40.76±0.89 

62.21± 5.9 

302.5± 2.2 

9 0 
% Free radical scavenging activity of Pyrimidine 

8o ~ compounds 

70 j 
0/o I 

60 1 
c 50 

a 
, .. 40 

e 
0 30 

g 
20 

n 
10 

g 

0 • 

0 .1 0 .2 0 .4 0 .6 0 .8 

Concentration (mg/ml) 

• s .D-640 

• S.D-64A 

•S.D-641 

• S.D-64M 

• Gallic acid 

Fig. 7: Antioxidant activity of pyrimidine compounds (5 nos.) in DPPH assay 
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From the graph (Fig. 7) we observe that with respect to gallic acid , (13b) shows 

highest scavenging activity among all the pyrimidine compounds and IC50 of the 

compound is 198±3.2 pgm/ml gallic acid equivalent. 

B. subtilis (ATCC 11774) P. aeruginosa (MTCC 7814) 

Fig. 8: Zone of inhibition of compound (8) 

Antibacterial assay: 

Antibacterial activities were studied against seven nos. of non-pathogenic bacteria; 

Staphylococcus aureus (ATCC 11632), Bacillus subtilis (ATCC 11774), E. coli (ATCC 

9637), Pseudomonas aeruginosa (MTCC 7812), Pseudomonas aeruginosa (MTCC 

7814 ), Pseudomonas aeruginosa (MTCC 7815) and Pseudomonas aeruginosa (MTCC 

7816). Compounds were found to be equally active against both the gram (+)and gram 

(-) bacteria. All the tested compounds showed high to moderate to good antibacterial 

activities. The zone of inhibition of the compound (8) is shown in Fig. 8. The zone of 

inhibition of the compounds against various bacteria is shown in Table 10. The 

compounds having good activities against particular bacteria, we further calculated the 

MIC values (Table 11) for them. The MIC value for the compounds ranges from 0.0125-

0.1 mg. 

711 Page 



Table 10: Zone of inhibition of bisuracil derivatives (3a-m), (8), (11) and (14) against 

various bacterial strains 

Entry Zone of Inhibition against 

SA BS EC PAl PA2 PA3 PA4 

3a + ++ ± +++ + + 

3b + ++ ++ +++ 

3c + ± + + +++ ± 

3d ++ + 

3e + + ++ 

3f + + + 

3g ± + ± ± + 

3h +++ ± +++ ± +++ ± 

3i ± ± ± ± 

3j ± ± ± + ± ++ 

3k + ± ++ ++ ++ + 

31 ++ +++ ± ± ++ ± +++ 

3m + ++ ± ± 

8 ++ +++ +++ + +++ + +++ 

11 +++ ± + + + ++ 

14 +++ +++ ++ ++ ++ +++ 

SA= Staphylococcus aureus; BS= &icillus subtilis; EC= E. coli; PAl= Pseudomonas aeruginosa (MTCC 
7812); PA2=Pseudomonas aeruginosa (MTCC 7814); PA3=Pseudomonas aeruginosa (MTCC 7815); 
PA4=Pseudomonas aeruginosa (MTCC 7816), Sign: - (Inactive); ± (Negligible); + (Poor); ++ (Good); 
+++ (Very good) 
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Table 11: MIC value ofthose compounds which showed very good zone of inhibition 

Entry MIC values against (mg) 

SA BS EC PAl PA2 PA3 PA4 

3a 0.006 

3b 0.0125 

3c 0.025 

3h 0.05 0.025 0·.0125 

8 0.05 0.0125 0.0125 0.025 

11 0.1 

14 0.05 0.0125 0.0125 

SA= Staphylococcus au reus; BS= Bacillus subtilis; EC= E. coli; PA I= Pseudomonas aeruginosa (MTCC 

7812); PA2=Pseudomonas aeruginosa (MTCC 7814); PA ]=Pseudomonas aeruginosa (MTCC 7815); 

PA4=Pseudomonas aeruginosa (MTCC 7816) 

Conclusion: 

The ·experimental procedure for the electrophilic substitution is remarkably simple 

without the need for any dry solvents, an inert atmosphere or reflux conditions. The 

product was purified by simple filtration without the need for further separation 

technique, that is, neither chromatography (TLC/column chromatography) nor extraction 

using organic solvent. Importantly, the separation step in any synthesis involves most of 
. . 

the capital and operating costs (60-80%) of the overall cost. Different steps (reaction, 

·separation and purification) contribute to the environmental footprint of the process.41 

Hence, our method is environmentally benign (eliminating the use of organic solvents in 

both the reaction and purification), safe and cost effective. Note that no dehydrating 

agent, heat (hence energy is saved), catalyst, surfactant or additive is required. Moreover, 

protection of the -NH2 group is also not required. The present method opens a new 

avenue for the synthesis of bis-uracils, which might be useful for exploring their 

bioactivities. 

In conclusion, we have developed a mild, chemoselective, highly efficient, clean 

and truly "green" methodology for the synthesis of aryl/alkyl/heteroaryl bis(6-amino-l ,3-

dimethyluracil-5-yl)methanes by condensation of 6-amino- f ,3-dimethyluracil with all 

types of aldehydes (aromatic, aliphatic and heterocyclic) in water at room temperature. 

Some of the synthesized bis-uracilltetrakis-uracil derivatives showed very good 

antioxidant properties, and moderate to good antibacterial activities, but we did not 
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observed good anti~ngal properties. The MIC values of pyrimidine derivatives against 

various bacteria were 0.05-0.0125 mg and IC5o values ofpyrimidine derivatives in DPPH 

redical methods were 40.76±0.89-372±4.3 ,ugm/ml. 

Experimental Section: 

General procedure for the synthesis ofbis-uracil (3): 

Distilled water (30 mL) was added to 6-amino-1,3-dimethyluracil (1; 155 mg, 1 mmol) in 

a 100 mL round-bottomed flask and the mixture was stirred at room temperature until all 

the 6-amino-1 ,3-dimethyluracil had dissolved. Benzaldehyde (2a, 54 mg, 0.5 mmol) was 

added drop wise to the 6-amino-1,3-dimethyluracil solution with constant stirring and 

then after a few minutes the product appeared as a white precipitate and stirring was 

continued for a further 1 h so that all of the reactants were converted into product. The 

white precipitate was filtered and collected to provide the pure product 3a in 95% yield. 

A small amount of the product was dissolved in distilled ethanol (98%) and then warmed. 

Then the solution was filtered, allowed to cool and evaporated at room temperature to 

give square shaped white shining transparent crystals. The crystals were collected and 

dried; m.p. 296-299 °C. The crystals are stable at room temperature and also in an open 

environment for several days. 

The same procedure was followed for the other substrates. 

General procedure for the synthesis ofbis- and tetrakis-uracil (14) and (15): 

Distilled water (30 mL) was added to 6-amino-1 ,3-dimethyluracil (1) (155 mg, I mmol) 

in a 100 mL round-bottomed flask and the mixture was stirred at room temperature until 

all. the 6-amino-1,3-dimethyluracil had dissolved. Then glutaraldehyde (25 mg, 0.25 

mmol; entry 12b, Table 2) was added dropwise to the 6-amino-1,3-dimethyluracil 

solution with constant stirring. After 3 h a yellowish white precipitate appeared and 

stirring was continued for further 4 h so that all of the reactants were converted into 

product. The yellowish white precipitate was filtered and collected. On drying we 

obtained the product (8) in 89% yields. A small amount of the product was dissolved in 

distilled ethanol (98%) and warmed. Then the solution was filtered, allowed to cool and 
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evaporated at room temperature to give square-shaped yellow shining transparent 

crystals. The crystals were collected and dried; m.p. 194-195 °C. The crystals are stable 

at room temperature and also in an open environment for several days. 

The same procedure was followed for (12a). 

Physical and spectral data: 

6,6' -diamino-1 ,1 ',3,3 '-tetramethyl-5,5'-(benzylidene )bis [pyrimidine-2,4(1H,3H)

dione] (3a): Colour- white shining transparent crystalline solid. Solubility- insoluble in 

water, sparingly soluble in common organic solvents, soluble in 

aprotic polar solvents like DMF, DMSO, DMAc etc. IR (KBr) 

(vmax/cm-1
) 3453.37, 3383.38, 3197.94, 2993.08, 1695.96, 

1654.14, 1587.29; 1H NMR (400 MHz, CDCb) oH 3.27 (s, 3H, 

NCH3), 3.36 (s, 3H, NCH3), 3.44 (s, 6H, NCH3), 5.79 (s, 1H, 

CH), 6.48 (br s, 2H, NH2), 6.69 (br s, 2H, NH2), 7.14-7.25 (m, 

5H, arom) ppm; 13C NMR (100 MHz, CDCb) oc 28.4 (NCH3), 28.8 (NCH3), 29.1 

(NCH3), 29.4 (NCH3), 35.7 (CH), 87.4 & 88.8 (C-5 & C'-5), 125.7 (C-4, arom), 126.6 

(C-3 & C-5, arom), 127.9 (C-2 & C-6, arom), 138.1 (C-1, arom), 150.9 (C-6 & C'-6), 

153.1 & 154.4 (C-2 & C'-2), 163.2 & 164.8 (C-4 & C'-4) ppm. MS, m/z 398 (M}; Anal. 

Calcd (%)for C19HnN604: C, 57.28; H, 5.57; N, 21.07. Found C, 57.31; H, 5.56; N, 

21.01. 

6,6'-diamino-1 ,1 ',3,3 '-tetramethyl-5,5'-( 4-methoxybenzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (3b): Colour- white crystalline solid. Solubility- insoluble in water, 

sparingly soluble in common organic solvents, soluble in 

aprotic polar solvents like DMF, DMSO, DMAc etc. IR (KBr) 

(vrnaJcm-1
) 3358.89, 3195.07, 3083.58, 2952.68, 1688.34, 

1593.50, 1503.18, 1448.50; 1H NMR (400 MHz, CDCb) OH 

3.29 (s, 3H, NCH3), 3.36 (s, 3H, NCH3), 3.45 (s, 6H, NCH3), 

3.77 (s, 3H, OCH3), 5.74 (s, 1H, CH), 6.49 (br s, 2H, NH2), 6.70 (br s, 2H, NH2), 6.80 (d, 

.1=8.72 Hz, 2H, arom), 7.04 (d, J=8.24 Hz, 2H, arom) ppm; 13C NMR (100 MHz, CDCb) 
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oc 29.2 (NCH3), 29.3 (NCH3), 29.3 (NCH3), 29.4 (NCH3), 35.1 (CH), 55.2 (OCH3), 87.9 

& 89.1 (C-5 & C'-5), 113.4 (C-1, arom), 127.7 (C-3 & C-5, arom), 129.9 (C-2 & C-6, 

arom), 151.0 (C-6 & C'-6), 153.4 & 154.6 (C-2 & C'-2), 157.6 (C-4, arom), 163.3 & 

165.2 (C-4 & C'-4) ppm; MS, m/z 393 {Ml; Anal. Calcd (%)for C2oH24N60s: C, 56.07; 

H, 5.65; N, 19.62. Found C, 56.10; H, 5.68; N, 19.65. 

6,61-diamino-1,1 1 ,3,3 1-tetramethyl-5,51
-( 4-chlorobenzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (3c): Colour- white transparent crystalline solid. Solubility-

insoluble in water, sparingly soluble in common organic 

solvents, soluble in aprotic polar solvents like DMF, DMSO, 

DMAc etc. IR (KBr) (Vmaxlcm-1
) 3346.99, 3156.01, 3040.98, 

2951.22, 1692.61, 1589.72, 1495.72; 1H NMR (400 MHz, 

CDCh) oH 3.27 (s, 3H, NCH3), 3.38 (s, 3H, NCH3), 3.45 (s, 

6H, NCH3), 5.74 (s, 1 H, CH), 6.48 (br s, 2H, NH2), 6.68 (br 

s, 2H, NH2), 7.08 (d, J=21.08 Hz, 2H, arom), 7.26 (d, J=21.08 Hz, 2H, arom) ppm; 
13C NMR (100 MHz, CDCh) oc 29.2 (NCH3), 29.3 (NCH3), 29.4 (NCH3), 29.7 

. (NCH3), 35.6 (CH), 88.5 & 88.6 (C-5 & C'-5), 127.9 (C-4, arom), 128.1 (C-3 & C-5, 

arom), 131.4 (C-2 & C-6, arom), 136.8 (C-1, arom), 150.9 (C-6 & C'-6), 153.2 & 

154.5 (C-2 & C' -2), 163.3 & 164.6 (C-4 & C' -4) ppm; MS, mlz 432 (M+); Anal. 

Calcd (%) for C,9H2,CIN604: C, 52.72; H, 4.89; N, 19.42. Found C, 52.73; H, 4.86; 

N, 19.38. 

6,61-diamino-1 ,1 1 ,3,3 1-tetramethyl-5,51
-( 4-hydroxybenzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (3d): Colour- transparent crystalline solid. Solubility- soluble in 

water, sparingly soluble in common organic solvents, soluble in 

aprotic polar solvent like DMF, DMSO, DMAc etc. IR (KBr) 

(vmaxfcm-1
) 3393.35, 3118.08, 2956.74, 1664.76, 1601.04, 

1498.95; 1H NMR (400 MHz, DMSO-d6) OH 2.98 (s, 3H, 

NCH3), 3.01 (s, 3H, NCH3), 3.04 (s, 3H, NCH3), 3.47 (s, 3H, 

NCH3), 5.69 (s, 1 H, CH), 7.16 (br s, iH, NH2), 7.41 (br s, 2H, 

NH2), 6.72 (d, .!=8.72 Hz, 2H, arom), 6. 96 (d, .!=8.24 Hz, 2H, arom), 8.58 (s, 1 H, OH) 
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ppm; 13C NMR (100 MHz, DMSO-d6) 8c 29.52 (2NCHJ), 29.55 (2NCHJ), 34.89 (CH), 

114.85 (C-4, arom), 127.52 (C-3 & C-5, arom), 127.55 (C-2 & C-6, arom), 129.16 (C-1, 

arom), l51.0i (C-6 & C'-6), 154.79 (C-2 & C'-2) ppm; MS, mlz 414 (M}; Anal. Calcd 

(%)for C19H22N60s: C, 55.07; H, 5.35; N, 20.28. Found C, 55.04; H, 5.33; N, 20.25. 

6,6'-diamino-1 ,1' ,3,3'-tetramethyl-5,5'-( 4-methylbenzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (3e): Colour- transparent crystalline solid. Solubility- insoluble in 

water, sparingly soluble in common organic solvents, soluble in 

aprotic polar solvents like DMF, DMSO, OMAc etc. IR (KBr) 

(Vmax/Cm-1) 3358.52, 3152.81, 3053.07, 2929.70, 1690.23, 

1591.04, 1498.48, 1447.64; 1H NMR (400 MHz, CDCh) .8H 

2.30 (s, 3H, CH3), 3.28 (s, 3H, NCH3), 3.37 (s, 3H, NCH3), 3.45 

(s, 6H, NCH3), 5.75 (s, 1H, CH), 6.49 (br s, 2H, NH2), 6.69 (br s, 2H, NH2), 7.01-7.08 

(m, 4H, arom) ppm; 13C NMR (100 MHz, CDCb) 8c 20.8 (CH3), 28.3 (NCH3), 28.3 

(NCH3), 29.6 (NCH3), 29.6 (NCHJ), 35.6 (CH), 86.8 & 88.4 (C-5 & C'-5), 126.4 (C-4, 

arom), 128.4 (C-3 & C-5, arom), 134.4 (C-2 & C-6,arom), 135.5 (C-1, arom), 150.9 (C-6 

& C'-6), 153.5 & 154.5 (C-2 & C'-2), 163.2 & 164.4 (C-4 & C'-4) ppm; MS, mlz 412 

~);Anal. Calcd (%)for C2oH24N604: C, 58.24; H, 5.87; N, 20.38. Found C, 58.21; H, 

5.84; N, 20.31. 

6,6'-diamino-1 ,1 ',3,3'-tetramethyl-5,5'-( 4-nitrobenzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (3t): Colour- brown transparent crystalline solid. Solubility- insoluble 

in water, sparingly soluble in common organic solvents, 

soluble in aprotic polar solvents like OMF, DMSO, DMAc etc. 

IR (KBr) (vrnaxlcm-1) 3394.02, 3189.69, 1676.16, 1615.01, 

1505.16; 1H NMR (400 MHz, CDCb) 8H 3.30 (s, 3H, NCH3), 

3.36 (s, 3H, NCH3), 3.39 (s, 3H, NCH3), 3.42 (s, 3H, NCH3), 

5.84 (s, 1 H, CH), 6.53 (br s, 2H, NH2), 6.68 (br s, 2H, NH2), 8.08 (d, ./=8.72 Hz, 2H, 

arom), 8.40 (d, ./=8.72 Hz, 2H, arom) ppm; 13C NMR (100 MHz, CDCh) 8c 28.6 (NCH3), 

29.1 (NCH3), 29.4 (NCH3), 29.7 (NCH3), 35.9 (CH), 86.7 & 88.2 (C-5 & C'5), 122.1 (C-

2 & C-6, arom), 128.1 (C-3 & C-5, arom), 141.2 (C-1, arom), 148.6 (C-4, arom), 150.9 

771 Page 



(C-6 & C'-6), 153.4 & 154.9 (C-2 & C'-2), 163.3 & 165.1 (C-4 & C'-4) ppm; MS, mlz 

443 (M}; Anal. Calcd (%)for C19H21N']()6: C, 51.47; H, 4.77; N, 22.11. Found C, 51.43; 

H, 4.78; N, 22.13. 

6,61 -diamino-1 ,1 1 ,3,3 1 -tetramethyl-5,5 1 -(3-nitro benzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (3g): Colour- brown transparent crystalline solid. Solubility-

insoluble in water, sparingly soluble in common organic 

volatile solvents, soluble in aprotic polar solvents like DMF, 

DMSO, DMAc etc. IR (KBr) (vmaxlcm-1) 3396.10, 3196.67, 

1681.06, 1607.07, 1503.67, 1451.58; 1H NMR (400 MHz, 

CDCb) oH 3.36 (s, 3H, NCH3), 3.45 (s, 3H, NCH3), 3.50 (s, 3H, 

NCH3), 3.52 (s, 3H, NCH3), 5.81 (s, lH, CH), 6.51 (br s, 2H, NH2), 6.69 (br s, 2H, NH2), 
. 13 

7.23-7.24 (m, 1H, arom), 7.41-7.46 (m, 2H, arom), 7.95-8.08 (m, 1H, arom) ppm; C 

NMR (100 MHz, CDCb) oc 28.6 (NCH3), 29.1 (NCH3), 29.4 (NCH3), 29.7 (NCH3), 35.9 

(CH), 86.7 & 88.2 (C-5 & C'-5), 121.2 (C-4, arom), 122.1 (C-2, arom), 128.9 (C-5, 

arom), 133.3 (C-6, arom), 141.2 (C-1, arom), 148.6 (C-3, arom), 151.0 (C-6 & C'-6), 

153.4 & 154.9 (C-2 & C'-2), 163.4 & 165.1 (C-4 & C'-4) ppm; MS, mlz 443 {Ml; Anal. 

Calcd (%) for C,9H2,N706: C, 51.47; H, 4.77; N, 22.11. Found C, 51.42; H, 4.74; N, 

22.11. 

6,6'-diamino-1,1 ',3,3 1-tetramethyl-5,5'-(furyl)bis[pyrimidine-2,4(1H,3H)-dione] (3h): 

Colour- transparent crystalline solid. Solubility- insoluble in 

water, sparingly soluble in common organic solvents, soluble 

in aprotic polar solvents like DMF, DMSO, DMAc etc. IR 
\ 

(KBr) (Vmaxlcm- 1
) 3351.56, 3190.48, 3074.22, 2951.20, 

1698.55, 1592.24, 1497.74; 1H NMR (400 MHz, CDCh) oH 
3.29 (s, 3H, NCH3), 3.42 (s, 9H, NCH3), 5.65 (s, 1 H, CH), 

5.98 (1 H, furan), 6.28 (1 H, furan), 6.51 (br, s, 2H, NH2), 6.63 (br, s, 2H, NH2), 7.24 

(lH, furan) ppm; 13C NMR (100 MHz, CDCb) oc 28.6 (NCH3), 28.6 (NCH3), 29.3 

(NCH3), 29.3 (NCH3), 31.8 (CH), 87.6 (C-5 & C'5), 105.9 (C-3, furan), 110.2 (C-4, 

furan), 141.0 (C-6 & C'-6), 150.9 (C-5, furan), 152.4 & 153.5 (C-2 & C'-2), 164.1 
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(C-4 & C'-4) ppm; MS, m/z 388 (Ml; Anal. Calcd (%)for C11H2oN60s: C, 52.57; H, 

5.19; N, 21.64. Found C, 52.55; H, 5.20; N, 21.62. 

6,61 -diamino-1 ,1 1 ,3,3 1 -tetramethyl-5,5 1 
-( thiophenyl)bis [pyrimidine-2 ,4(1H ,31/)

dione] (3i): Colour- transparent crystalline solid. Solubility- insoluble in water, sparingly 

soluble in common organic solvents, soluble in aprotic polar 

solvents like DMF, DMSO, DMAc etc. IR (KBr) (vrnaJcm-1
) 

3361.56, 3327.33, 3057.73, 2982.55, 1681.87, 1632.89, 

1573.09; 1H NMR (400 MHz, CDCh) DH 3.31 (s, H, NCH3), 

3.33 (s, H, NCH3), 3.42 (s, H, NCH3), 3.45 (s, H, NCH3), 5.93 

(s, 1H, CH), 6.54 (br s, 2H, .NH2), 6.68 (lH, thiophene), 6.87 

(lH, thiophene), 6.91 (br s, 2H, NH2), 7.13 (lH, thiophene) ppm; 13C NMR (100 MHz, 

CDCb) 8e 29.32 (NCH3), 29.38 (NCH3), 29.41 (NCH3), 29.44 (NCH3), 33.3 (CH), 89.0 

& 89.3 (C-5 & C'5), 123.4 & 124.0 (C-6 & C' -6), 126.3 (C-3, furan), 144.4 (C-4, furan), 

150.9 (C-5, furan), 153.2 & 153.9 (C-2 & C'-2), 163.5 & 164.5 (C-4 & C'-4) ppm; MS, 

mlz 404.13 (Ml; Anal. Calcd (%)for C11H2oN604S: C, 50.48; H, 4.98; N, 20.78. Found 

C, 50.46; H, 4.99; N, 20.77. 

6,61-diamino-1,1 1 ,3,3 1~tetramethyl-5,5 1-(methyl)bis[pyrimidine-2,4(1H,31/)-dione] 

(3j): Colour- white transparent crystalline solid. Solubility- insoluble in water, 

common organic solvents, soluble in aprotic polar solvents 

like DMF, DMSO, DMAc etc. lR (KBr) (vmaxlcm-1
) 3386.70, 

3155.75,2927.21, 1682.97, 1619.94, 1504.20; 1H NMR (400 

MHz, DMSO-d6) 8H 3.19 (s, 3H, NCH3), 3.28 (s, 3H, 

NCH3), 3.37 (s, 6H, NCH3), 4.13 (s, 2H, CH2), 7.51 (br s, 

2H, NH2), 7.70 (br s, 2H, NH2) ppm; 13C NMR (100 MHz, 

DMSO-d6) De 19.53 (CH2), 29.96 (2NCH3), 30.07 (2NCH3), 

85.2 & 85.41 (C-5 & C' -5), 151.08 (C-6 & C' -6), 154.30 & 154.36 (C-2 & C' -2), 

164.00 (C-4 & C' -4) ppm; MS, m/z 322 (M+); Anal. Calcd (%) for C 13H 18N60 4: C, 

48.44; H, 5.63; N, 26.07. Found C, 48.42; H, 5.61; N, 26.08. 



6,61 -diamino-1 ,1 1 ,3,3 1 -tetramethyl-5,51 
-( ethyl)bis[py rimidine-2 ,4(1H ,3H)-dione] 

(3k): Colour- white transparent crystalline solid. Solubility- insoluble in water, soluble in 

common organic solvents. IR (KBr) (vmaxt'cm-1) 3410.87, 

3172.15, 2997.44, 2949.39, 1680.66, 1621.14, 1493.60; 1H 

NMR ( 400 MHz, CDC h) OH 1.66 (3 H, CH3), 3.31 (s, 6H, 

NCH3), 3.46 (s, 6H, NCH3), 4.43-4.45 (m, 1H, CH), 6.48 (br s, 

2H, NH2), 6.91 (br s, 2H, NH2) ppm; 13C NMR (100 MHz, 

CDCh) Oc 16.1 (CH3), 26.3 (CH), 28.3 (NCH3), 28.8 (NCH3), 

29 2 (NCH3), 29.5 (NCH3), 90.1 & 91.3 (C-5 & C' -5), 151.0 

(C-6 & C'-6),.152.9 & 153.6 (C-2 & C'-2), 164.2 & 164.4 (C-4 & C'-4) ppm; MS, mlz 

336.15 (M+); Anal. Calcd (%)for C14H2oN604: C, 49.99; H, 5.99; N, 24.99. Found C, 

49.99, H, 5.98; N, 24.97. 

6,61 -diamino-1 ,1 1 ,3,3 1 -tetramethyl-5,5 1 -(butyl)bis [pyrimidine-2 ,4(1H ,3H)-dio ne] (31): 

Colour- white transparent crystalline solid. Solubility- insoluble 

in water, soluble in common organic solvents. IR (KBr) 

(vmax/cm-1) 3401.23, 3146.61, 2955.29, 1666.63, 1606.54, 

1493.54; 1H NMR (400 MHz, CDCh) OH 0.91-0.93 (m, 3H, 

CH3), 1.25-1.27 (m, 2H, CH2), 2.16-2.21 {m, 2H, CH2), 3.31 {s, 

. 3H, NCH3), 3.35 (s, 3H, NCH3), 3.45 (s, 6H, NCH3), 4.20 (t, 

.1=8 Hz, 1H, CH), 6.54 (br s, 2H, NH2), 6.67 (br s, 2H, NH2) 

ppm; 13C NMR (100 MHz, CDCb) Oc 13.7 (CH3), 21.7 (CH), 27.8 (CH2), 28.4 (NCH3), 

28.7 (NCH3), 29.1 (NCH3), 31.3 (NCH3), 31.6 (CH2), 88.6 & 89.6 (C-5 & C'-5), 150.6 & 

150.7 (C-6 & C'-6), 152.5 & 153.6 (C-2 & C'-2), 163.7 & 164.3 (C-4 & C'-4) ppm; MS, 

rnlz 364.19 (M); Anal. Calcd (%)for C16H24N604: C, 52.74; H, 6.64; N, 23.06. Found C, 

52.72; H, 6.66; N, 23.08. 

6,61-diamino-1 ,1 1 ,3,3 1 -tetramethyl-5,5'-(pentyl)bis[pyrimidine-2,4(1H ,3H)-dione] 

(3m): Colour- white transparent crystalline solid. Solubility- insoluble in water, soluble 

in common organic solvents. IR (KBr) (vmax/cm-1) 3396.53, 3106.74, 2952.08, 2859.75, 

1661.83, 1606.21, 1490.77; 1H NMR (400 MHz, CDCh) DH 0.84-0.88 (m, 3H, CH3), 
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1.26-1.30 (m, 4H, CH2-CH2), 2.05-2.21 (m, 2H, CH2), 3.34 (s, 

3H, NCH3), 3.36 (s, 3H, NCH3), 3.46 (s, 3H, NCH3), 3.47 (s, 

3H, NCH3), 4.13-4.18 (m, 1H, CH), 6.52 (br s, 2H, NH2), 6.94 

(br s, 2H,.NH2) ppm; 13C NMR (100 MHz, CDCh) 8e 13.3 

(CH3), 21.8 (CH), 27.4 (CH2), 27.9 (CH2), 28.2 (NCH3), 28.4 

(NCHJ), 28.6 (NCHJ), 30.4 (NCH3), 31.4 (CH2), 88.2 & 89.2 

(C-5&C'-5), 150.1 & 150.2(C-6&C'-6), 151.9& 153.0(C-2 

& C'-2), 163.2 & 163.8 (C-4 & C'-4) ppm; MS, m/z 378.2 (Ml; Anal. Calcd (%)for 

C 17H2~604: C, 53.96; H, 6.93; N, 22.21. Found C, 53.97; H, 6.93; N, 22.20. 

6,6' -diamino-1 ,1 ',3,3 '-tetramethyl-5,5' -( cinnamy lidene )his [pyrimidine-2,4(1H,3H)

dione] (8): Colour- yellowish transparent crystalline solid. Solubility- insoluble in water, 

0 
sparingly soluble in common organic solvents, soluble in 

Me · u _,..Me 
'N./"...N aprotic polar solvents like DMF, DMSO, DMAc etc. IR oyNH

2 
(KBr) (vmaxfcm-1) 3390.54, 3214.46, 3097.30, 2941.31, 

o-~=~HC~ . 1688.03, 1594.43, 1497.32; 
1
H NMR (400 MHz, CDCh) 

H2Nr 'fO 8H 3.31 (s, 3H, NCH3), 3.35 (s, 3H, NCH3), 3.42 (s, 6H, 

N N NCH3), 5.16 (s, lH, CH), 6.27 (br s, H, NH2), 6.31 (br s, 
Me-" Y 'Me 

'-----•0--~ H, NH2), 6.70 (d, .!=4.56 Hz, 1H, CH=CH), 6.74 (d, 

.!=4.56 Hz, IH, CH=CH), 7.15-7.34 (m, 5H, arom) ppm; 13C NMR (100 MHz, CDCb) be 

28.0 (NCH3), 28.1 (NCH3), 29.1 (NCH3), 29.2 (NCH3), 34.2 (CH), 36.1 (CH=CH), 39.3 

(CH=CH), 86.3 & 86.8 (C-5 & C'-5), 126.2 (C-4, arom), 128.4 (C-3 & C-5, arom), 128.9 

(C-2 & C-6, arom), 137.7 (C-1, arom), 145.3 (C-6 & C'-6), 150.5 & 150.9 (C-2 & C'-2), 

162.1 & 165.0 (C-4 & C'-4) ppm; MS, mlz 424 {Ml; Anal. Calcd (%)for C21H24N604: 

C, 59.42; H, 5.70; N, 19.80. Found C, 59.45; H, 5.75; N, 19.78. 

6,6' -diamino-1 ,1 ',3,3 '-tetramethyl-5,5' -(2-hydroxy benzylidene) bis-[py rimidine-

2,4(1H,3H)-dione] (11): Colour- transparent crystalline solid. Solubility- soluble in 

water, sparingly soluble in common organic solvents, soluble in aprotic polar solvents 

like DMF, DMSO, DMAc etc.IR (KBr) (vmax/cm-1) 3457.17,3297.16,3195.14,2973.08, 

1694.16, 1657.21, 1583.23; 1H NMR (400 MHz, CDCb) ()H 3.09 (s, 3H, NCH3), 3.32 (s, 

81 I Page 



3H, NCH3), 3.48 (s, 3H, NCH3), 3.57 (s, 3H, NCH3), 

4.84 (s, lH, CH), 5.75 (s, 1 H, OH), 6.41 (br s, 4H, NHz), 

7.05-7.25 (m, 5H, arom) ppm; 13C NMR (100 MHz, 

CDCh) oc 27.6 (NCH3), 28.1 (NCH3), 29.2 (NCH3), 29.3 

(NCH3), 30.1 (CH), 87.8 & 93.3 (C-5 & C' -5), 115.5 (C-

4, arom), 123.4 & 125.2 (C-3 & C-5, arom), 127.8 & 

128.3 (C-2 & C-6, arom), 150.4 & 150.5 (C-6 & C'-6), 151.3 & 151.5 (C-2 & C'-2), 

154.3 (C-1, arom), 161.2 & 164.0 (C-4 & C'-4) ppm; MS, mlz 414 (M}; Anal. Calcd (%) 

for C19H22N605 : C, 55.07; H, 5.35; N, 20.28. Found C, 55.10; H, 5.33; N, 20.22. 

6,6'-diamino-1 ,1 ',3,3' -tetrametbyl-5,5'-(glutarylidene )bis [pyrimidine-2,4(1H ,3H)

dione] (14): Colour- yellow transparent crystalline solid. Solubility- insoluble in water, 

sparingly soluble in common organic solvents, soluble in 

aprotic polar solvents like DMF, DMSO, DMAc etc. IR 

(KBr) (vmaJcm-1
) 3409.63, 3215.74, 2938.88, 1664.95, 

1603.34, 1495.23, 1446.66; 1H NMR (400 MHz, DMSO

d6) OH 0.81-0.94 (m, 2H, CHz), 1.22-1.34 (m, 4H, 2CHz), 

3.09 (s, 3H, NCH3), 3.25 (s, 3H, NCH3), 3.34 (s, 18H, 

NCH3), 3.94 (s, lH, CH), 4.12 (s, 1 H, CH), 6.78 (br s, 2H, NHz), 6.88 (br s, 2H, NH2), 

7.19 (br s, 2H, NH2), 7.67 (br s, 2H, NHz) ppm; 13C NMR (100 MHz, CDCh+ DMSO-d6) 

oc 22.7 (CH), 23.5 (CH), 27.4 (CHz), 27.7 (CHz), 28.0 (NCH3), 28.3 (NCH3), 28.7 

(NCH3), 29.2 (NCH3), 29.4 (NCH3), 29.5 (NCH3), 29.7 (NCH3), 30.1 (NCH3), 31.7 

(CH2), 85.9, 87.9, 89.3 & 89.4 (C-5, C-5, C'-5 & C'-5), 128.2, 128.6, 129.7 & 130.8 (C-. 

6, C-6, C'-6 & C'-6), 150.8, 150.9, 153.0 & 154.2 (C-2, C-2, C'-2 & C'-2), 162.8, 163.4 

& 164.0 (C-4, C-4, C'-4 & C'-4) ppm; MS, mlz 684.31 (MJ; Anal. Calcd (%)for 

C29~oN 120s: C, 50.87; H, 5.89; N, 24.55. Found C, 50.88 H, 5.90; N, 24.54. 

6,6' -diamino-1 ,1 ',3,3 '-tetramethyl-5,5' -( terepthaldibenzylidene )bis-[pyrimidine-

2,4(1H,3H)-dione] (15): Colour- transparent crystalline solid. Solubility- insoluble in 

water, sparingly soluble in common organic solvents, soluble in aprotic polar solvents 

like DMF, DMSO, DMAc etc. IR (KBr) (vrnaJcm-1
) 3420.99,3110.18,2924.07, 1683.96, 

821Page 



1603.00, 1496.68; 1H NMR (400 MHz, CDCh) DH 3.27 

(s, 3H, NCH3), 3.39 (s, 3H, NCH3), 3.47 (s, 3H, NCH3), 

3.50 (s, 3H, NCH3), 5.84 (s, 1 H, CH), 6.51 (br s, 2H, 

NH2), 6.69 (br s, 2H, NH2), 7.32 (d, .!=8 Hz, 2H, arom), 

7.78 (d, J=8 Hz, 2H, arom), 9.96 (s, 1H, CHO) ppm; 13C 

NMR (100 MHz, CDCb) 8c 28.5 (NCH3), 29.0 (NCH3), 

29.4 (NCH3), 29.7 (NCH3), 36.3 (CH), 86.7 & 88.7 (C-5 

& C'-5), 127.4 (C-4, a:rom), 129.7 (C-3 & C-5, arom), 134.3 (C-2 & C-6, arom), 146.3 

(C-1, arom), 150.9 (C-6 & C'-6), 153.3 & 154.8 (C-2 & C'-2), 165.1 (C-4 & C'-4), 192.0 

(CHO) ppm; MS, m/z 426.17 {Ml; Anal. Calcd (%) for C2oH22N60s: C, 56.33; H, 5.20; 

N, 19.17.FoundC,56.33;H,5.2l;N, 19.18 
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Section B 

Nucleophilic addition of 6-aminouracil derivatives using 'green 

surfactant' isolated from P. aeruginosa OBPl in water at room 

temperature 

Introduction: 

Nucleophilic nature ofthe C5-position of uracil and its derivatives is well known?0
-
34

• 
39 

Electron density distributions of uracil and their derivatives also show that CS-position is 

the only carbon centre susceptible to attack by eiectrophiles.43 Depending on the nature of 

substituted or unsubstituted uracil derivatives the nucleophilicity of C5-position also 

changes. It is observed that the nucleophilicity ofC5-position increases in the presence of 

amino group at C6-position instead ofunsubstituted uracil.29 

In the recent years, the surface active molecules (e.g. biosurfactant) produced by 

microbes are getting popularity. Such molecules tend to accumulate at the interface of 

two mediums such as air-liquid, liquid-liquid and liquid-solid and form a thin molecular 

film at the junction of the two mediums that ultimately lower the interfacial tension and 

surface tension.44 At the interface of two mediums, such molecules interact with each 

other with different degrees of polarity and hydrogen bonding between the molecules 

causes a decrease in the surface tension and critical micelle concentration (CMC). These 

properties create micro-emulsions leading to micelle formation in which hydrocarbons 

can solubilize in water or water in hydrocarbons. These properties make the surfactant 

more applicable in industrial processes like wetting and phase dispersion, detergency, 

foaming, emulsification etc.45 The use ofbiosurfactant seems to offer more potential than 

chemical surfactants, due to their structural diversity, biodegradability, biocompatibility, 

ecofriendly, reusable, stability over the different extreme conditions such as high 

temperature, pH and salinity, less toxicity, and production from the renewable sources, 

mainly from wastes.46 In this chapter, we have used the rhamnolipids (mixture of mono

rhamnolipids and di-rhamnolipids) (Fig. 9), one major class of biosurfactant, which is 

most often produced by P. aeruginosa OBPI. The active ingredient, rhamnolipid 
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biosurfactant, is a transparent liquid with a light to dark amber· tint and a mild, sweet 

soapy odor. The biosurfactant used in our experiment is a mixture of two rharnnolipid 

molecules that we recently published.47 

O~H oO-CH-(CH2)n-CH3 

tH2 

t=o 
I 

OH 0 0 
9H-(CH2)n-CH3 

CH I 2 
COOH 

OHOH 

Fig. 9: Structure ofrhamnolipids (monorharnnolipid & dirharnnolipid) . 

Materials and Methods: 

Melting points were determined on a BUchi 504 apparatus and are uncorrected. IR spectra 

were recorded as KBr pallets on a Nicolet (Impact 41 0) FT -IR spectrophotometer. 1 H 

NMR & 13C NMR spectra were recorded on a JNM ECS 400 MHz NMR 

spectrophotometer (JEOL) using Tetramethylsilane (TMS) as the internal standard. X-ray 

intensity data were colle.cted on a Bruker SMART APEX CCD area- detector 

diffractometer with Mo Ka radiation (A.= 0.71073 A). The structures were solved by 

SHELX97 and refined by full-matrix least squares on Y (SHELX97).42 Reactions were 

monitored by thin layer chromatography using aluminium sheets with silica gel 60 F254 

(Merck). Elemental analyses were carried out in a Perkin Elmer CHN analyzer (2400 

series II). Mass spectra were recorded on a Waters Q-TOF Premier & Aquity UPLC 

spectrometer. All the chemicals were used as received. 

Crystal structure of (17 d): 

Single crystals of (17d) were grown from their 98% ethanol solution. The intensity data 

were collected at 296 K on a Bruker SMART APEX CCD area-detector diffractometer 

with Mo Ka radiation (A.= 0.710.73 A). Crystallographic and experimental data are listed 

in Table 13. Hydrogen site location is inferred from neighboring sites, H atoms are 
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treated by a mixture of independent and constrained refinement. They were positioned 

geometrically and treated as riding on their parent C-atoms. 

Biosurfactant recovery: 

The collected supernatant was first centrifuged at 10,000 rpm for 20 min at 4 ·c to 

remove the bacterial cells. The culture supernatant was acidified to pH 2 with 6 N HCI 

and allowed to stand overnight at 4 ·c to precipitate the rhamnolipid. The precipitate was 

harvested by centrifugation at 10,000 rpm for 15 min at 4 ·c. The recovered precipitate 

was extracted thrice with ethyl acetate at room temperature. The organic phase was 

collected in a round bottom flask and connected to a rotary evaporator (Eyela, CCAS-

1110, Tokyo, Rikaki'kai Co. Ltd.) to remove the solvent. The process yielded a viscous 

honey-coloured biosurfactant.48 The thick residue was washed twice with n-hexane to 

remove any residual n-hexadecane. Finally the yellowish product was dissolved in ethyl 

acetate, filtered and concentrated using a rotary evaporator. 

The isolated biosurfactant was further analyzed by thin layer chromatography 

(TLC) on silica gel 60 G (Merck) in chloroform: methanol: water (65:25:4, v/vlv). The 

plates were sprayed with orcinoi-H2S04 solution49 and developed at 1 oo·c for 5 min. 

Positive spots were scraped and extracted with 3 ml of chloroform: methanol (2:1, v/v) in 

an elution column. 

The surface tension of the supernatant was measured with a Krtiss K 12 

tensiometer (Tensiometer K9, Krtiss K9 ETS-S) accordingly to the De Notiy ring 

method.50 At the end of each measurement, the platinum ring was rinsed thrice with water 

followed by 3 times with acetone and was allowed to dry in air. Culture supernatant 25 

ml was taken into a glass beaker of volume of 50 ml and placed onto the platform of 

tensiometer. The surface tension was measured at 25 ·c ± 1 ·c. After introducing the 

platinum ring in the culture supernatant, it was slowly allowed to touch the liquid-air 

interface, to measure the surface tension. The platinum ring was kept in the supernatant 

for a while in order to attain equilibrium conditions. The measurement was repeated 

thric~ and an average value was obtained. 
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Determination ofCMC ofbiosurfactant: 

For the determination of CMC value, the culture supernatant was serially diluted and 

surface tension for each dilution was measured. The CMC value, expressed in mg/1, was 

estimated from the break point of the surface tension versus the concentration. For 

calibrating the instrument, it was subjected to the determination of surface tension of the 

pure water at 25 OC ± I OC. 

Results and Discussion: 

Application ofbiosurfactant in chemistry, specially, in organic transformation is still not 

explore.d and to the best of our knowledge, for the first time we have introduced the use 

of biosurfactant in organic transformation, we believe this methodology will open a new 

vista in synthetic methodology. In our organic synthesis programme, we are interested in 

the synthesis of bioactive uracil derivatives.24 In this connection, recently, we have 

reported the formation ofbis-uracil derivatives by exploiting the nucleophilic behavior of 

C-5 position. 51 Here, nucleophilic addition of 6-amino-1 ,3-dimethylpyrirnidine-

2,4(1H,3H)-dione to aldehydes in water was described. 

In continuation to our earlier work,51 to explore the reaction further, here, we 

report the nucleophilic addition of two uracil derivatives via C-5 pos"ition with aldehydes 

(aromatic, aliphatic and heterocyclic) by varying their C6-position using biosurfactant in 

water at room temperature. 

Following the same procedure as described,51 we tried the reaction of 6-

[( dimethylamino )methyleneamino ]-1 ,3-dimethylpyrimidine-2,4(1H,3H)-dione with 

aldehydes in water. But, the reaction did not proceed under that reaction condition. Using 

p-Toluene sulphonic acid (p-TSA) as catalyst or applying heat did not help the reaction to 

proceed at all. Interestingly, when we carried out the reaction using biosurfactant in 

water, the reaction proceeded but with very low yield. However, when we added p-TSA 

(15 mol%) as catalyst, the yield ofthe product was found to increase. 

Delighted with this result, we wanted to check our earlier reported work in the 

presence of biosurfactant. Accordingly, as a model reaction, when we simply stirred 6-

amino-1 ,3-dimethyluracil (1) and benzaldehyde (2a; R = Ph) using biosurfactant (at 

CMC) in water at room temperature, we ended up with the formation of 5,5'-
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phenylmethylenebis(l,3-dimethyl-6-aminopyrimidine-2,4-dione) (3a) within 15 mm m 

99% yield (Scheme 7). The reaction was monitored by TLC. The reaction was very clean 

providing only one product, that is, (3a). The structure was confirmed by IR, 1H and 13C 

NMR spectroscopy, mass spectrometry, elemental analyses and single crystal X-ray 

analysis. 

R-CHO 

2 

H20/Biosurfactant 

Stirring, r.t. 

R= Ph, CH=CH-Ph, p-OCH3Ph, p-CIPh, p-OHPh,o-OHPh, p-CH3Ph, p-N02Ph, 

m-N02Ph, H, CH3, CHr(CH2)3, CH3-(CH2h, 0 , 0 
0 s 

Scheme 7: Synthesis ofbisuracil derivatives (3) in the presence ofbiosurfactant 

In the presence ofbiosurfactant, the solubility of uracil increases and more over in 

some cases aldehydes also become soluble. The best solubility was observed at critical 

micelle concentration (CMC). Here, 8 ml ofwater is sufficient instead of30-35 ml water 

in comparison to our earlier report. Encouraged by this interesting result, to study the 

scope and limitations of the reaction further, we extended .the reaction to other differently 

substituted aromatic, aliphatic, heterocyclic aldehydes and ketones (2a-r) under the same 

optimized reaction condition. The results are summarized in Table 12 (entries a-r). To 

our delight, all the aldehydes (entries 2a-o, Table 12) reacted with equal ease within 

short times, furnishing the products, bis-uracils (3a-o) in good to excellent yields (90-

99%) and with no side products formation. In comparison to our earlier report, here, we 

have shown that the yields of product have increased and the reaction time has reduced 

drastically along a reduction of the amount of water used from 30-35 ml to 8ml. 

Instead of 1 ,3-dimethyl-6-aminopyrimidine-2,4(1H,3H)-dione (1), we studied the 

reaction between 6-[(dimethylamino)methyleneamino]-1,3-dimethylpyrimidine-

2,4(1H,3H)-dione (16) and aldehyde (2a) using biosurfactant in water. The formation of 
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product were observed in poor yield and to increase the yields of the products we added 

15 mol% of p-TSA. ~e observed the formation of two products which were separated 

by column chromatography, further purified through recrystallization. The reaction was 

very clean providing only one product, that is, (17a) (Scheme 8). The structure was 
I · 13 ' confirmed· by IR, Hand C NMR spectroscopy, mass spectrometry, elemental analyses 

and single crystal X-ray analysis. 

Table 12: Synthesis ofbisuracil derivatives (3) in the presence ofbiosurfactant 

Entry 

a 

b 

c 

d 

e 

f 

g 

h 

j 

k 

m 

n 

0 

p 

q 

r 

Carbonyl 

Compounds2 

CJ-15CHO 

CJ-15CH=CHCHO 

p-0MeCJ-14CHO 

p-CICJ-14CHO 

p-OHC6~CHO 

a-OHC6~CHO 

p-MeC6~CHO 

p-NOzC6~CHO 

m-NOzC6~CHO 

2-furaldehyde 

Thiophene-2-

carbaldehyde 

Paraformaldehyde 

CH3CHO 

CH3(CH2) 2CHO 

CH3(CH2) 3CHO 

(CHJ)zCO 

CH3COPh 

Ph CO Ph 

Timelh 

In presence of In absence of 

biosurfactant biosurfactant 

0.25 

0.91 

L83 

0.25 

2 

2 

0.33 

2.33 

2.25 

0.33 

0.75 

0.41 

0.75 

0.83 

0.83 

48 

48 

48 

4 

4 

0.41 

7 

7 

0.41 

10 

5 

6 

3 

3 

3 

48 

48 

48 

[a] Isolated yield [b] No product formation 
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296-298 

266-269 

274-275 

268-271 

245-248 

246-247 

275-276 

228-229 

224-225 

247-249 

309-311 

328-331 

253-255 

232-233 

159-161 

Yield (%Y"1 

In presence of In absence of 

biosurfactant biosurfactant 

99 

95 

97 

99 

91 

90 

99 

93 

91 

99 

99 

93 

94 

95 

95 

_[b] 

_[b] 

_[b] 

95 

93 

91 

99 

75 

73 

99 

73 

82 

99 

87 

91 

92 

93 

90 
_ _[b] 

_ _[b] 

_ _[b] 



The 1H NMR peaks at 6 = 2.80 (3 H), 3.02 (3 H), 3.33 (3 H), 3.36 (3 H), 3.38 (3 

H), 3.39 ppm are due to the six N-methyl groups, the peak at 6 == 5.69 ppm is due to the

CH proton, the broad singlet peaks at 6 = 5.93 ppm is due to one -NH2 protons, the peaks 

within 6 = 7.09-7.24 ppm are due to five aromatic protons and J = 8.41 ppm is due to

N=CH . The -NH2 groups were confirmed by shaking with 020, that is, the -NH2 peak 

disappeared from the 1H NMR spectrum upon shaking with 020. The structure was 

further confirmed by single-crystal X-ray analysis. Suitable crystals were obtained by 

slow evaporation from ethanol solution. ORTEP diagram for compound (17d) is shown 

in Fig.10. 

R= Ph, CH=CH-Ph, p-OCH3Ph, p-CIPh, o-OHPh, p-CH3Ph, 

p-N02Ph, m-N02Ph, H, CH3, o,o 
a s 

Scheme 8: Synthesis ofbisuracil derivatives (17) in the presence ofbiosurfactant 

Encouraged by this interesting result, we extended the reaction to other differently 

substituted aromatic, aliphatic, heterocyclic aldehydes and ketones (2a-k) under the same 

optimized reaction condition. The results are summarized in Table 14 (entries a-k). To 

our delight, all the aldehydes (entries 2a-b, Table 14) reacted with equal ease within 

short times, furnishing the products, 6-amino-6' -(dimethylamino)methyleneamino-

1,1 ',3,3 '-tetramethyl-5,5'-(pheny1idene )bis-[pyrimidine-2,4(1H,3H)-dione] derivatives 

(17a-b) in good to good yields (59-71 %) and with no side products formation. 
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Fig. 10: ORTEP diagram of compound (17d) 

Table 13: Detail crystallographic data of (17d) 

Formula C22H26Ns06 

M 498.51 

Crystal system Triclinic 

Temperature/K 296 K 

Space group Pbca 

a/ A 9.7878(5) 

bl A 15.0944(7) 

ciA 32.5855(16) 

a (o) 90 

p (0) 90 

y (0) 90 

VI A3 4814.2(4) 

z 8 

Del mg·m-3 1.376 

Reflns. collected 5754 

Reflns. unique 6017 

R(int) 0.0591 (3168) 

Index ranges -13<=h<= 13, -20<=k<=20, -43<=h<=43 

Refinement method Full-matrix, least squares on P 
wR2 0.1930 (5754) GoF 1.037 
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Table 14: Synthesis ofbisuracil derivatives (17) in the presence ofbiosurfactant 

Entry 

a 

b 

c 

d 

e 

f 

g 

h 

J 

k 

Carbonyl Compounds (2) 

C6HsCHO 

p-CIC6~CHO 

p-MeC6~CHO 

p-N02C~4CHO 

m-N02C6H4CHO 

2-furaldehyde 

Paraformaldehyde 

CH3CHO 

(CH3)2CO 

CH3COPh 

PhCOPh 

[a] Isolated yield [b] No product formation 

Time/h 

3.5 

2 

4 

4.5 

4.5 

3 

8 

9 

48 

48 

48 

m.p. (oC) Yield (%ial 

110 70 

176 85 

191 66 

189 62 

207 65 

129 60 

235 61 

360 59 

[b] --
LbJ --
LbJ --

To understand the reaction mechanism we also studied the three component 

reaction between 6-amino-1 ,3-dimethyluracil (1 ), 6-[(dimethylamino )methyleneamino ]-

1,3-dimethylpyrimidine-2,4(1H,3H)-dione (16) and benzaldehyde (2a). In that case, we 

also observed the formation of two products (3) and (17) (Scheme 9). After addition of 

benzaldehyde in biosurfactant, uracil derivatives became soluble, immediately we 

observed the formation of product (3) followed by the formation of product (17). 

There are two main reasons (the use of biosurfactant in water), to increase the 

yields, solubility. and reduce the reaction times. Firstly, the equilibrium of the 

nucleophilic reaction in shifted far to right in the reaction carried out in presence of 

biosurfactant and catalyst was observed to be high yielding, having as much as 99% of 

product formation. The aldehyde molecules being hydrophobic in nature, forms highly 

structured solvation layer in aqueous environment, in absence of biosurfactant. This 

results in reduce entropy condition with high free energy content in the existing 

physiochemical environment. Introducing surfactant gradually to an extant ofCMC led to 

formation of hydrophobic pocket within the bulk water solvent due to hydrophobic 

interior of micelles, which facilities bringing reactant components to close proximity for 

product formation. The biosurfactant usually interferes in the existing solubility of 

921Page 



H,N{,(e+ 6 + 
I 
Me 

1:0 N_..Me 

I H20/Biosurfactant 
H3C'N"':::::,N N_......!:::::"O ---------

_! 1 Stirring, r.t., p-TSA 
H3C Me 

1 2 16 

. Q 
Me,N~CH~N/Me 
~N~O H N)lN),O 

I 2 I 
Me 45% Me 

3 

Scheme 9: Competitive reaction between (1) and (16) 

solvation layer, which led to other probable interactions and chemical events that may be 

responsible of release of binding energy. The binding energy in tum helps in expediting 

the reaction towards completion in presence of catalyst. Secondly, from our possible 

reaction mechanism we also observed that the nucleophilic 5-position of 6-

[ ( dimethy lam ino )methyleneamino ]-1 ,3-d imethyl pyrimidine-2,4(1 H,3H)-d ione (16) 

attacks the carbon centre of the aldehyde (2) followed by elimination of water molecule, 

a second molecule of uracil derivatives then attacks via its nucleophilic 5-position 

affording the product (17). Use of biosurfactant, dehydration has been successfully 

developed in water due to the hydrophobic nature of their interior (Fig. 11).52 

Fig. 11: Dehydration in the presence of a biosurfactant in water 
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One of the most economic points in context of green chemistry is the 

recyclability. We have recycled the biosurfactant for several times and again reused it. 

A plausible mechanism for the reaction is described in the Scheme 10. 

Mechanistically, the nucleophilic 5-position of 6-[(dirnethylamino )methyleneamino ]-1 ,3-

dimethylpyrirnidine-2,4 -(1H,3H)-dione (16) attacks the carbon centre of the aldehyde (2) 

followed by elimination of water molecule. A second molecule of uracil derivatives then 

reacts via its nucleophilic 5-position affording the product (17). 

A 

Scheme 10: Plausible reaction mechanism 

Conclusion: 

;CH2-N(CH3h 

-H20 

Our method is environmentally benign (eliminating the use of organic solvents, neither 

for the reaction nor for the purification), safe and cost effective. Moreover use of 

biosurfactant seems to offer more potential than chemical surfactants, due to their 

structural diversity, biodegradability and biocompatibility related to the synthesis of 

surfactants, stability over the different extreme conditions such as high temperature, pH 

and salinity, less toxicity, and along with most importantly the eco-friendly nature. 

In conclusion, we have first reported a mild, chemoselective, highly efficient, clean 

and truly 'green' methodology for the synthesis ofbis-uracil derivatives by condensation 

of 6-aminouracil derivatives (1 and 4) and aldehydes (2a-h) using biosurfactant in water 

at room temperature. 
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Experimental Section: 

General procedure for the synthesis of his-uracil (3): 

Distilled water (8 ml) containg biosurfactant (0.36 mg) was added to 6-amino-1,3-

dimethyluracil (155 mg, I mmol) in a I 00 mL round-bottomed flask and the mixture was 

stirred at room temperature until all the 6-amino-1 ,3-dimethyluracil dissolved . 

Benzaldehyde (54 mg, 0.5 mmol) was added drop wise to the 6-amino-1 ,3-dimethyluracil 

solution with constant stirring and then after a few minutes the product appeared as a 

white precipitate and stirring was continued for a further I h so that all of the reactants 

were converted into product. The white precipitate was filtered and collected to provide 

the pure product in 99% yield (Fig. 12) . A small amount of the product was disso lved in 

distilled ethanol (98%) and then warmed. Then the solution was filtered, allowed to cool 

and evaporated at room temp. to give squareshaped white shining transparent crystals. 

The crystals were collected and dried ; m.p. 296-299 oc. The crystals are stable at room 

temp. and also in an open environment for several days. 

The same procedure was followed for the other substrates. 

Fig. 12: Product formation in the presence ofbiosurfactant 

General procedure for the synthesis of (17): 

Distilled water (8 ml) containing biosurfactant (0.36 mg) was added to 6-

[(dimethylamino)methylene]l ,3-aminouracil (210 mg, I mmol) in a 100 mL round-
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bottomed flask and the mixture was stirred at room temperature until all the 6-

[(dimethylamino)methylene]1 ,3-aminouracil dissolved. 15 mol%p-TSA is added to get 

good yield. Benzaldehyde (108 mg, I mmol) was added drop wise to the so lution with 

constant stirring and after few minutes, we get the pure product in 70% yield . The 

product was separated through TLC technique, was dissolved in distilled ethanol (98%) 

and then warmed . Then the solution was filtered , allowed to cool and evaporated at room 

temp. to give squareshaped yellow shining transparent crystals. The crystals were 

collected and dried ; m.p . 110 oc. The crystals are stable at room temp . and also in an 

open environment for several days . 

Recycling procedure of biosurfactant: 

The precipitate his-uracil derivatives were recovered by centrifugation at 3000 rpm for I 0 

min . The reaction mixture was further extracted twice with 30 ml chloroform to obtain 

the traces of his-uracil derivatives left. For the recovery of biosurfactant, the reaction 

mixture was acidified to pH 2 using 6N HCI and kept overnight at 4 OCto precipitate and 

recovered by centrifugation at I 0, 000 rpm for 15 min at 4 °C. Further the precipitate was 

dissolved in phosphate buffer saline (pH 7.2) solution, which is ready to be reutilized 

(Fig. 13). 

Fig. 13: Biosurfactant recycling 
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Physical and spectral data: 

6-amino-6 '-( dimethylamino )methyleneamino-1,1 1 ,3,3 1 -tetramethyl-5,51
-

(benzylidene )bis-[pyrimidine-2,4(1H,3H)-dione] (17a) 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in aprotic 

polar solvent like DMF, DMSO and DMAc. IR (KBr) 

(vmax/cm·1
) 3400.15, 2925.34, 1713.15, 1609.60, 1342.04; 1H 

NMR (400 MHz, CDCb) 8H 2.80 (s, 3H, NCH3), 3.02 (s, 3H, 

NCH3), 3.28 (s, 3H, NCH3), 3.33 (s, 3H, NCH3), 3.36 (s, 3H, 

NCH3), 3.38 (s, 3H, NCH3), 5.69 (s, 1H, CH), 5.93 (s, 2H, NH2), 7.09-7.24 (m, 5H, 

arom), 8.41 (s, 1H, N=CH) ppm. 13C NMR (100 MHz, CDCb) 8c 28.4 (NCH3), 28.5 

(NCH3), 29.0 (NCH3), 29.1 (NCH3), 34.4 (NCH3), 38.4 (NCH3), 40.4 (CH), 89.7 (C-5 

and C'-5), 125.9 (C-4 arom), 127.1 (C-3 and C-5), 128.3 (C-2 and C-6), 141.1 (C-1 

arom), 151.4 (C-6 and C'-6), 152.8 and 154.2 (C-2 and C'-2), 160.4 (C=N), 165.3 (C-4 

and C'-4) ppm. MS, mlz 453.21 ~).Anal~ Calcd (%)for Ci2H21N104: C 58.22, H 6.03, 

N 21.65. Found C 58.27, H 6.00, N 21.62. 

6-amino-6 '-(dimethylamino)methyleneamino-1,1 1 ,3,31-tetramethyl-5,51-(4-

chlorobenzylidene )-bis-[pyrimidine-2,4(1H,3H)-dione] (17b) 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in 

aprotic polar solvent like DMF, DMSO and DMAc. IR 

(KBr) (Vmaxlcm·1) 3409.67, 2929.33, 1707.99, 1605.90, 

1342.77; 1H NMR (400 MHz, CDCh) OH 2.91 (s, 3H, 

NCH3), 3.07 (s, 3H, NCH3), 3.31 (s, 3H, NCH3), 3.35 (s, 3H, NCH3), 3.39 (s, 3H, NCH3), 

3.41 (s, 3H, NCH3), 5.72 (s, 1H, CH), 6.18 (s, 2H, NH2), 7.02-7.28 (m, 4H, arom), 8.24 

(s, N=CH) ppm. 13C NMR (100 MHz, CDCb) 8c 28.4 (NCH3), 28.5 (NCH3), 29.1 

(NCH3), 31.5 (NCH3); 34.4 (NCH3), 37.7 (NCH3), 40.4 (CH), 89.8 and 98.5 (C-5 and 

C'-5), 128.3 (C-4 arom), 128.4 (C-3 and C-5), 131.4 (C-2 and C-6), 140.0 (C-1 arom), 

151.3 and 151.6 (C-6 and C'-6), 152.9 and 154.0 (C-2 and C'-2), 160.4 (C=N), 162.5 and 
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165.3 (C-4 and C'-4) ppm. MS, mlz 487.17 {M). Anal. Calcd (%)for C22H26ClN~4: C 

54.13, H 5.36, N 20.07. Found C 54.15, H 5.37, C\7.27, N 20.09. 

6-amino-6 · -(dimethylamino)methyleneamino-1,1' ,3,3'-tetramethyl-5,5'-(4-

methylbenzylidene )bis-[pyrimidine-2,4(1H,3H)-dione] [17 c] 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in 

aprotic polar solvent like DMF, DMSO and DMAc. IR 

(KBr) (vmax/cm-1
) 3401.13, 2921.09, 1705.03, 1609.11, 

1342.90; 1H NMR (400 MHz, CDCb) 8H 2.17 (s, 3H, 

CH3), 2.82 (s, 3H, NCH3), 3.03 (s, 3H, NCH3), 3.34 (s, 3H, NCH3), 3.38 (s, 3H, NCH3), 

3.41 (s, 3H, NCH3), 3.51 (s, 3H, NCH3), 5.65 (s, IH, CH), 6.10 (s, 2H, NHz), 6.97-7.30 

(m, 4 H, arom), 7.63 (s, N=CH) ppm. 13C NMR (100 MHz, CDCh) 8c 21.7 (CH3), 2'8.3 

(NCH3), 28.5 (NCH3), 29.2 (NCH3), 29.3 (NCH3), 34.4 (NCH3), 37.7 (NCH3), 40.4 

(CH), 89.8 and 98.5 (C-5 and C'-5), 128.3 (C-4 arom), 128.4 (C-3 and C-5), 131.4 (C-2 

and C-6), 140.0 (C-1 arom), 151.3 and 151.6 (C-6 and C'-6), 152.9 and 154.0 (C-2 and 

C'-2), 161.6 (C=N), 165.4 (C-4 and C'-4) ppm. MS, mlz 467.23 {M). Anal. Calcd (%) 

for C23H29N~4: C 50.08, H 6.23, N 20.95. Found C 59.09, H 6.25, N 20.97. 

6-amino-6 ·-( dimethylamino )methyleneamino-1 ,1 ',3,3 '-tetramethyl-5,5'-(4-

nitrobenzylidene )bis-[pyrimidine-2,4(1H,3H)-dione] (17 d) 

0 
HJC....~N"CHJ 

~~~: 
O.,~CH 

3 

-H~yYo 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in 

aprotic polar solvent like DMF, DMSO and DMAc. IR 

(KBr) {Vmaxlcm-1
) 3422.31, 2932.98, 1706.11, 1625.76, 

N N 
H,c" I( 'cHJ 1353.63, 1253.76; 1H NMR (400 MHz, CDCh) 8H 2.94 (s, 

3H, NCH3), 3.06 (s, 3H, NCH3), 3.28 (s, 3H, NCH3), 3.35 (s, 3H, NCH3), 3.39 (s, 3H, 

NCH3), 3.47 (s, 3H, NCH3), 5.85 (s, 1H, CH), 6.40 (s, 2H, NH2), 7.16-7.26 (m, 4H, 

arom), 8.07 (s, N=CH) ppm. 13C NMR (1 00 MHz, CDC b) 8c 28.5 (NCH3), 28.6 (NCH3), 

29.2 (NCH3), 31.6 (NCH3), 34.4 (NCH3), 38.1 (NCH3), 40.5 (CH), 88.8 and 98.4 (C-5 

and C'-5), 123.5 (C-4 arom), 127.5 (C-3 and C-5), 146.0 (C-2 and C-6), 149.9 (C-1 
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arom), 151.2 and 151.4 (C-6 and C'-6), 153.1 and 153.8 (C-2 and C'-2), 160.5 (C=N), 

162.2 and 165.4 (C-4 and C'-4) ppm. MS, mlz 49820 (Ml. Anal. Calcd (%) for 

C22H2~806 : C 53.02, H 5.27, N 22.47. Found C 53.01, H 5.26, N 22.48. 

6-amino-6 '-( dimethylamino )methyleneamino-1 ,1 ',3,3'-tetramethyl-5,5'-(3-

nitrobenzylidene )bis-[pyrimidine-2,4(1H,3H}-dione] (17e) 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in aprotic 

polar solvent like DMF, DMSO and DMAc. IR (KBr) 

(vmax/cm-1
) 3403.15, 2923.77, 1706.95, 1613.76, 1331.62, 

1250.42; 1H NMR (400 MHz, CDCh) OH 2.92 (s, 3H, NCH3), 

3.04 (s; 3H, NCH3), 3.24 (s, 3H, NCH3), 3.33 (s, 3H, NCH3), 3.38 (s, 3H, NCH3), 3.40 (s, 

3H, NCH3), 5.83 (s, 1H, CH), 6.39 (s, 2H, NH2), 7.15-7.39 (m, 4H, arom), 7.87 (s, 

N=CH) ppm. 13C NMR (100 MHz, CDCh) oc 28.5 (NCH3), 29.2 (NCH3), 29.3 (NCH3), 

31.6 (NCH3), 34.4 (NCH3), 3 7.7 (NCH3), 40.5 (CH), 88.7 and 98.3 (C-5 and C'-5), 121.0 

and 121.8 (C-3 and C-5), 128.9 (C-4 arom), 133.2 (C-1 arom), 144.0 and 148.5 (C-2 and 

C-6), 151.3 and 151.5 (C-6 and C'-6), 153.2 and 153.8 (C-2 and C'-2), 161.6 (C=N), 

162.2 and 165.4 (C-4 and C'-4) ppm. MS, mlz 49820 (Ml. Anal. Calcd (%) for 

CzzHz~s06: C 53.03, H 5.27, N 23.45. Found C 53.01, H 5.26, N 23.48. 

6-amino-6 '-( dimethylamino )metbyleneamino-1,1 ',3,3'-tetramethyl-5,5'-(2-furyl)bis

[pyrimidine-2,4(1H,3H)-dione] (17f) 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in aprotic 

polar solvent like DMF, DMSO and DMAc. IR (KBr) 

(vmax/cm-1
) 3412.45, 2923.90, 1702.87, 1607.11, 1345.12; 1H 

NMR (400 MHz, CDCI3) SH 2.94 (s, 3H, NCH3), 3.06 (s, 3H, 

NCH3), 3.32 (s, 3H, NCH3), 3.33 (s, 3H, NCH3), 3.36 (s, 3H, 

NCH3), 3.43 (s, 3H, NCH3), 5.63 (s, 1H, CH), 5.96 (lH, furan), 6.20 (1 H, furan), 6.25 (s, 

2H, NH2), 6.26 (1H, furan), 8.07 (s, N=CH) ppm. 13C NMR (100 MHz, CDCh) Oc 28.4 

(NCH3), 29.1 (NCH3), 29.9 (NCH3), 31.4 (NCH3), 33.4 (NCH3), 34.4 (NCH3), 40.5 (CH), 
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89.1 and 97.5 (C-5 & C5), 105.9 (C-3, furan), 110.2 (C-4, furan), 141.1 (C-6 & C'-6), 

152.9 (C-5, furan), 154.0 & 154.6 (C-2 & C-2), 161.3 (CH=N), 165.1 (C-4 & C'-4) 

ppm; MS, m/z 443.19 (M}. Anal. Calcd (%)for C2oH2sN10s: 54.20, H 5.71, N 22.09. 

Found C 54.17, H 5.68, N 22.11. 

6-amino-6 '-(dimetbylamino)metbyleneamino-:-1,1 ',3,3'-tetrametbyl-5,5'

(metbylene)bis-[pyrimidine-2,4(1H,3H)-dione] (17g) 

Colour: yellowish crystalline solid. Solubility: Insoluble m 

water, soluble in common organic solvents, soluble in aprotic 

polar solvent like DMF, DMSO and DMAc. IR (K.Br) (vmax/cm-

1) 3407.09,2920.71, l'l09.33, 1601.33, 1349.09; 1H NMR (400 

MHz, CDCh): 8H 2.80 (s, 3H, NCH3), 2.96 (s, 3H, NCH3), 3.26 

(s, 3H, NCH3), 3.28 (s, 3H, NCH3), 3.40 (s, 3H, NCH3), 3.56 (s, 

3H, NCH3), 4.15 (s, 2H, CH2), 7.51 (s, 2H, NH2), 8.27 (s, N=CH) ppm. eSc 19.5 (CH2), 

29.1 (NCH3), 29.2 (NH3), 29.3 (NH3), 29.9 (NCH3), 30.0 (NCH3), 31.2 (NH3), 89.7 & 

97.3 (C-5 & C' -5), 151.0 & 151.2 (C-6 & C' -6), 154.2 & 154.3 (C-2 & C' -2), 160.4 

(CH==N), 162.5 & 165.3 (C-4 & C' 4) ppm; MS: mlz == 377 (M"). C1Jf21N704: 50.56, H 

6.49, N 21.69. found C 50.55, H 6.47, N 21.72. 

6-amino-6 '-( dimetbylamino )metbyleneamino-1,1 ',3,3 '-tetrametbyl-5,5'

( etbylidene )bis-[pyrimidine-2,4(1H,3H)-dione] (17b) 

Colour: yellowish crystalline solid. Solubility: Insoluble in 

water, soluble in common organic solvents, soluble in aprotic 

polar solvent like DMF, DMSO and DMAc. IR (K.Br) 

(Vmax/cm-1) 3403.99, 2923.70, 1703.03, 1607.77.11, 1342.09; 
1H NMR (400 MHz, CDCh): 8H 1.66-1.68 (m, 3H, CH3), 2.93 

(s, H, NCH3), 3.21 (s, H, NCH3), 3.38 (s, H, NCH3), 3.46 (s, 

H, NCH3), 3.49 (s, H, NCH3), 3.74 (s, H, NCH3), 4.41-4.45 (m, lH, CH), 6.48 (s, 2H, 

NH2), 9.17 (s, N=CH) ppm; eSc 21.1 (CH3), 26.7 (CH), 28.4 (NCH3), 28.5 (NCH3), 29.2 

(NCH3), 29.5 (NCH3), 31.5 (NCH3), 31.7 (NCH3), 89.7 & 90.3 (C-5 & C' -5), 151.0 & 

151.4 (C-6 & C'-6), 152.8 & 153.6 (C-2 & C'-2), 162.1 (CH=N), 164.4 & 165.3 (C-4 & 
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C'-4) ppm; MS, mlz 391.2 (M}. C11H25N?<k 52.17, H 6.47, N 25.02. Found C 52.16, H 

6.44, N 25.05. 
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CHAPTER3 



Replay of amide type resonance in 6-[( dimethylamino )methylene] 1,3-

dimethylaminouracil:A dynamic NMR and density functional theory 

study 

Introduction: 

The biological activity of a protein is largely governed by the restricted rotation of the C

N bond of peptide linkage. 1 The key to the understanding of this hindered C-N rotational 

barrier in amides, the prototype of the peptide bond in proteins, is provided by 'amide 

resonance'.2 There is a large body of literature concerning the importance of resonance in 

predicting this rotational barrier in other related systems? Uracil, the nucleobase of 

pyrimidine family, combined with adenine (AU) comprises one of the major motifs 

present in the biopolymer RNA. Uracil is also involved in the self-assembly of RNA.4 

The versatility of uracil and its derivatives as exhibited by their wide range of biological 

activities is well recognized by synthetic5 as well as biological chemists.6 With the 

development of uracil based anticancer and antiviral drugs (e.g. AZT, DOl, DOC, 

BVDU), there is a renewed interest in the synthesis and design of hetero-aromatic species 

of uracil origin having biological significances.7 Several patents have been reported 

describing the synthesis of such heterocycles, derivatives of which are useful as 

vasodilators, bronchodilators, antiallergic, antihypertensive, and anticancer agents.8 

Uracils having N-3 side chains derived from various amino alcohols were designed and 

synthesized as potent human gonadotropin releasing hormone receptor antagonists.9 

Many drug candidates have been modelled on these compounds, particularly for cancer 

and virus research. 5-Substituted uracils and their nucleosides are widely used in the 

chemotherapy of cancer. 10 The chemistry of uracil moiety and its derivatives were 

extensively studied in the past decades mainly because of its mechanistic, synthetic and 

biological importance which made them of substantial experimental and theoretical 

interest. 11 Here, we present a combined variable temperature-dynamic nuclear magnetic 

resonance (VT -DNMR) spectroscopy and density functional theory (OFT) study about 

the C-N bond rotation of 6-[(dimethylamino)methylene] I ,3-dimethylaminouracil {1), 

which consists of an uracil ring and an amidine side chain. 
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Materials and Methods: 

1H NMR spectra were recorded on a VARIAN 300 MHz spectrometer (1H operating 

frequency at 299.942 MHz), equipped with a variable temperature unit, which has been 

calibrated using ethylene glycol. Spectra were recorded over a range of temperatures 

starting from 25 to 100 °C, using the residual solvent signal (d 5.98 ppm for the solvent 

1,1,2,2-tetrachloroethane-d2) as the reference. Sample of (1) was prepared in l,l,2,2-

tetrachloroethane-d2 (Cambridge Isotope Laboratories) and placed in a 5 mm NMR tube 

(Wilmad). Samples for kinetic measurements were allowed to equilibrate in the NMR 

probe for 5 min before recording the spectra. Temperature fluctuations during the series 

of experiments were ±0.2 °C. All the experiments were performed three times. 

Crystal structure of(l): 

Single crystals of (1) were grown from their 98% ethanol solution. The intensity data 

were collected at 294 K on .a Bruker SMART APEX CCD area-detector diffractometer 

with Mo Ka radiation (A.= 0. 71073 A). Crystallographic and experimental data are listed 

in Table 2. 12 The structures were solved by SHELX97 and refined by full-matrix least 

squares on F (SHELX97). 13 Hydrogen site location is infe~ed from neighboring sites, H 

atoms are treated by a mixture of independent and constrained refinement. They were 

positioned geometrically and treated as riding on their parent C-atoms. 

Computational details: 

All the molecules were fully optimized at the B3L YP/6-31 +G* level of density functional 

theory. 14 Analytical vibrational frequency calculations were. then performed on the 

optimized geometry to ascertain the nature of the stationary point. The ground and 

transition states were characterized with zero and one imaginary frequency, respectively. 

In order to check the effect of the ring as well as substituents on the rotational barrier, we 

calculated the parent compounds without the uracil ring (3 and 4) for both ground state 

(GS) and transition state (TS) geometry using methyl and hydrogen as the substituents. 
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The effect of substituent is also probed for the parent compound in which the uracil ring 

is present (2). Further, structures were optimized without considering the two water 

molecules which were present in the X-ray structure. The electronic structures of all the 

molecules were analysed with the help of NBO partitioning scheme as implemented in 

the Gaussian 03 suite of program. 15 The transition state geometry of the actual molecule 

(1TS) was further verified by intrinsic reaction coordinate (IRC)16 analysis at the same 

level oftheory. 

Results and Discussion: 

Papesch et al in 1951 and Blicke et al in 1954 first introduced the synthetic procedure of 

6-amino-1,3-dimethyluracil (A)17
•
18 by the reaction between N,N'-dimethylurea19 and 

cyanoacetic acid. The structure was further confirmed by 1H &JJC NMR & single crystal 

X-ray analysis. From single crystal X-ray analysis it is observed that compound is stable 

with intra- or intermolecular hydrogen bonding. Fig. 1 represents the ORTEP diagram of 

6-amino-1 ,3-dimethyluracil (A). 

6-[(Dimethylamino )methylene]! ,3-dimethylaminouracil (1) was readily obtained 

by the reaction of 6-amino-1,3-dimethylbarbituric acid with N,N-dimethyl formamide 

dimethylacetal (DMF-DMA) in the solventless condition for 2 hat refluxing temperature 

ofDMF-DMA or under microwave irradiation (Scheme 1). 

neat, heat I MWI 

DMA-DMF 

Scheme 1: Synthetic route for the synthesis of (1) 
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Fig. 1: ORTEP diagram of6-amino-1 ,3-<iimethyluracil (A) 

Table 1: Detail crystallographic data of 6-amino-1 ,3-d imethyluraci I (A) 

Formula C6H9N30 z 

M 155 .16 

Crystal system Pnma 

Temperature/K 293 K 

Space group Pnma 

a/ A 14.7970(3) 

bl A 6.7049(2) 

ciA 7.1628(2) 

a (o) 90 

p (0) 90 

y (0) 90 

VI A3 710.64(3) 

z 4 

Del mg·m-3 1.450 

Reflns. collected 974 

Reflns. unique 770 

R(int) 0.0374 

Index ranges - J 9<=h<= 1 X, -8<=k<= 1 X, -9<=h<= lx 

Refinement method Full-matrix, least squares on r 
wRz 0.1138 GoF 1.080 
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The exocyclic imine bond (N7-C8) of (1), in conjugation with the double bond 

(C5-C6) of the pyrimidine ring, thus constituting a heterodiene (C5-C6-N7-C8) system. 

[n addition, the exocyclic N7-C8-N9 system constitutes an enamine system which is 

responsible for the nucleophilic behaviour ofC5 position (Scheme 2). 

An understanding of the rotational barrier of the C8-N9 bond will help in 

understanding the diene behaviour of the C5-C6-N7-C8 system and intramolecular 

tlexibilities. 

(_0 

Me, ~ N3 5 A 
~1~6n~, . _.Me 

0 N N N 
I 7 9 ~Me 

Me 8 

Scheme 2: Resonance structures for (1) 

X-ray structure: 

The structure of (1) was determined by X-ray crystallographic analysis and it features a 

planar six-membered uracil ring attached to an exocyclic enamine side chain (Fig. 2). 

This side chain makes an angle of 174.3° with the plane of the uracil ring. The C6-N7, 

N7-C8 and C8-N9 bond lengths of 1.365, 1.299 and 1.320 A, respective ly, are in tune 

with those given for Csp2-Nsp2 bonds in the literature .20 The side chain also features a 

planar tri-coordinate carbon atom in C8 (sum ofthe bonding angles: 359.9°). The crystal 

structure also contains two water molecules which form 0-H- -- -0 hydrogen bonds with 

the carbonyl 0 atoms ofthe uracil group. 
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0211 

• • • • • 

Fig. 2: ORTEP diagram of(l) 

Table 2 : Detail crystallographic data of (1) 

Formula C9H14N402·2H20 

M 246.27 

Crystal system Triclinic 

Temperature/K 294 (2) 

Space group PI 

a/ A 7.1310(5) 

bl A 9.8571 (7) 

ciA 9.9160 (7) 

a (o) 92.921 (I) 

~ (0) 101.916 (1) 

y (0) 109.912 (I) 

VI A3 635 .62 (8) 

z 2 

Del mg·m-3 1.287 

Reflns. collected 6112 

Reflns. unique 2231 

R(int) 0.019 

lndex ranges -8<=h<=8, -ll <=k<=1 1, -ll <=h<= ll 

Refinement method Full-matrix, least squares on F 
WR2 0.155 R1 0.051 GoF 1.07 
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1B VT -NMR studies: 

The most widely used NMR method for investigating internal rotation is the appearance 

of coalescence of peaks measured at variable temperatures.21 In 1,1,2,2-

tetrachloroethane-d2 at 25°C, (1) shows six 1H NMR signals at 1J 3.063 (s, 3H) and 3.102 

(s, 3H) (N9-Me2); 3.403 (s, 3H, N3-Me) and 3.298 (s, 3H, N1-Me); 5.027(s, 1H, C5-H); 

and 7.655 (s, 1H, N7=C8-H) ppm, respectively. The two N9-methyl (A and B) groups 

split into two sharp singlets (3.1 02 and 3.063 ppm) with equal intensity indicating their 

magnetically non equivalent character. This nonequivalence is attributed to the hindered 

rotation of the dimethylamino moiety about the C8-N9 bond. As the exocyclic C8-N9 

bond rotates, chemical exchange of the two N9-CH3 protons (A and B) will affect the 

NMR line shapes and intensity. A barrier is observable when exchange of the studied 

nuclei into different electronic environments is slow enough 9n the NMR timescale 

(usually in the range of 1-106 s·1
).

22 Fig. 3 shows the series of partial 1H NMR spectra 

(showing only the four N-methyl groups attached to the three nitrogens, i.e. Nl, N3 and 

N9) of (1) recorded at different selected temperatures and at different rates (slow, 

medium and fast) of chemical exchange. In the limit of slow exchange (lower 

temperatures), distinct and sharp resonances are observed for the two N9-CH3 protons 

(labelled with asterisks, Fig. 3). At room temperature (25 °C), the four methyl peaks, 

each at Nl, N3 and two at N9 has equal intensities. However, as the temperature is 

increased, the exchange rate increases and the two sharp N9-CH3 peaks broaden, come 

closer, and eventually coalesce (3.093 ppm) at 89 °C (Fig. 3). 
( 

Appearance of coalescence of the exchanging peaks provides a quantitative 

measure of the. rates. At this coalescence temperature, all the other 1H signals of (1) 

remain distinct and sharp, and, there is no overlap of peaks, except for the two N9-CH3 

signals. As the temperature is increased beyond 89 °C, the coalescence of the two peaks 

becomes sharper and sharper with increased intensity. Under the condition of fast 

exchange in the NMR timescale, the NMR instrument cannot distinguish the two N9-CH3 

peaks (A and B); it shows the time average picture only and hence, only one signal for 

both the N-CH3 'peaks (Scheme 3). 
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_AA_ At. 343 K 

3.102 ppm • • 3.063 ppm ' / 

~, ... 

4 3 ppm 

Fig. 3: Partial dynamic NMR spectra of(1) in I, l ,2,2-tetrachloroethane-d2 (only two 

methyl groups marked by asterisks are shown) 

0 

Me, ~ A N3 5 
I;; I 6 8 .;Me 

o~~ ~N::: 
I 7 9 ' Me Me 

B 

Fast at NMR 
time scale 

Scheme 3: Situation under fast exchange condition in the NMR time scale 

A number of solvents were screened to observe the dynamic process of (1) (Table 

3) at variable temperatures including solvent effects, if any. Acetone-d6, 

dichloromethane-d2, chloroform-£h methanol-d4, ethanol-d6, THF-ds, (entries 1-6, Table 

3) showed good solubility, but maximum attainable temperature in these solvents 

(restricted by their boiling points) were not high enough to reach the fast exchange region 
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or may be even coalescence of the signals due to the methyl groups of the C8-N9 bond. 

But; the spectra recorded in these solvents were very clean having sharp peaks with 

different chemical shift values with respect to the solvents. Acetonittile-d3, benzene-d6, 

toluene-d8, pyridine-d5 (entries 7-10, Table 3) did not work since the compound (1) was 

not soluble there in even at higher temperatures (up to their boiling points). 

N,N-Dimethylformamide-d6 was not selected as the solvent because the four 

methyl peaks of (l) overlap with the two N-methyl peaks of DMF. Moreover, DMF itself 

shows restricted rotation. 23 However, 1,1 ,2,2-tetrachloroethane-d2 offers an excellent 

solvent because the solubility of (1) is very good in it and also, owing to its high boiling 

point, high temperature could be achieved, which is necessary for observing any possible 

coalescence. The barrier to rotation is interpreted using transition state theory, 18 which 

relates rate constant, Kc to ~G;, energy of activation (Eyring equation). The rate constant, 

Kc for the present dynamic process was calculated at the coalescence temperature (Tc) 

·using Gutowski-Holm equation. 24 Substituting Tc, Kc, ~y (the separation of the two N9-

Me peaks in Hz) and taking the transmission coefficient as unity in the Eyring equation, 

the C-N rotational barrier (~G!) for (1) in 1,1 ,2,2-tetrachloroethane-d2 is found to be 

Table 3: List of solvents for dynamic study 

Entry Solvent[ a] Highest temperature16l checked Coalescence 

(CH3)2CO-d6 53 c Not observed 

2 CH2Ch-d2 37°C Not observed 

"' CHCh- d 58°C Not observed .) 

4 CH30H- d4 63°C Not observed 

5 C2HsOH-d6 76°C Not observed 

6 C4Hs0-ds 62°C Not observed 

7 CH3CN- d3 77°C Not observed 

8 C6H6- d6 77°C Not observed 

9 C7Hs- ds 108°C Not observed 

10 CsHsN- ds 110°C Not observed 

1 1 C2H2Cl4- d2 100°C Observed 

[a] all the solvents used are of highest purity available and as received [b] 

restricted by boiling points 
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18.97 kcaVmol. A change in temperature near coalescence temperature has very little 

effect on LlG:. The difference in LlG: for the activation energy at 89 oc and at 86 oc 
(18.81 kcal/mol) is only 0.16 kcal/mol. Therefore any possible error in the measurement 

of coalescence temperature will have very little effect on the barrier. 

C-N Rotational energy barrier calculation: 

The rate constants, Kc for the present dynamic process were calculated at the coalescence 

temperature (Tc) using Gutowski-Holm equation (1 ). 

k = nLl v 
CJ2 ------------------------ (I) 

Experimental quantities that can be determined from Variable Temperature (VT) 

studies include Tc and the separation of the peaks (Ll v) at lowest temperature. When we 

substitute Kc as determined by VT methods in the Eyring equation, it modifies into a 

·useful form, equation (2). 

LlGct = I9.I34Tc [ 10.32 + lo~ r;l,cc)] --------------- (2) 

Putting the values of Kc and Tc into the equation (2) gives the energy of activation for the 

C-N rotational barrier (LlG:) for (1) in I, I ,2,2-tetrachloroethane-d2 : 
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AG! ~ t9.t34T, [10.32+ to{ r:,:~)]xto·' Klmor' 

[Here Tc= 362K, Llv = 0.039x300 Hz= I1.7 Hz] 

AG,"l ~ t9.t34 • 362 [ 10.32 +to{ 
36

: :Z)] xiO·' KJmor' 

=·6926.508[I0.32+1oj 
362

*1.
4

I
4 

)]xi0-3 KJmor1 

'3.14159*I1.7 

= 6926.508 [I0.32+ 1.14382]xi0-3 KJmor1 

= 79.40424 KJmor1 

= 18.97 Kcalmor1 



The optimized geometries of all the molecules in both ground state (GS) and 

transition state (TS) are shown in Fig. 4 along with important geometrical parameters. 

1-GS (0.0 kcal/mol) I-TS (19.8 kcallmol) 

2-GS (0.0 kcal/mol) 2-TS (14.1 kcal/mol) 

3-GS (0.0 kcal/mol) 3-TS (14.9 kcal/mol) 

4-GS (0.0 kcallmol) 4-TS ( 12.0 kcal/mol) 

Fig. 4: OFT optimized ground and transition state geometries of(l), (2), (3), and (4) with 

important bond lengths and bond angles. The energies are given within bracket. The GS 

structures are assigned a value of 0.0 kcaVmol and the energies of the TS are given 

relative to that of the GS. 
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The computed geometrical parameters of (1) are in excellent agreement with the 

X-ray crystal structure (Table 4). The uracil ring of (1) and (2) are planar in both GS and 

TS, and the geometrical parameters of the ring remain similar in both the geometries. The 

C7-N8 bond of all the molecules (1-4) does not change appreciably in both the 

geometries. However, the change in bond length in the GS and TS geometries is 

significant for the C8-N9 bond. It varies from 0.074 A in (1) to 0.062 A in (4). In the GS, 

the C8-N9 bond adopts partial double bond character (as indicated by the Wiberg Bond 

Index value of 1.255 and 1.260 for (1) and (2), respectively) but in the rotated TS, it 

becomes a single bond. Moreover, the end nitrogen atom adopts a planar geometry in the 

GS, but it gets pyramidalized in the TS. 

... 

Table ~: Comparison of computedlaJ and experimental structural parameters of 

compound (1) 

Bonds 1 (exptl.) 1 (calcd.) 

N1--C2 1.376 1.398 

C2-N3 1.373 1.386 

N3--C4 1.397 1.419 

C4--C5 1.408 1.440 

C5--C6 1.365 1.371 

C6--N1 1.388 1.391 

C6--N7 1.365 1.382 

N7--C8 1.299 1.296 

C8-N9 1.320 1.349 

C6--N7--C8 1172 118.3 

N7--C8-N9 123.0 123.5 

C8-N9--C11 121.7 121.2 

C11-N9--C12 1172 117.1 

[a) B3L YP/6-31 +G* level of theory, bond lengths in A, angles in degrees 
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This is further supported by the calculated and observed C-N-H and H-N-H bond 

angles around the end n_itrogen atom which correspond to sp2 hybridized nitrogen atom in 

the GS (Table 5). 

Howe_ver, in the TS, the hybridization changes to sp3 as indicated by the 

respective bond angles (Fig. 4). All the above data indicate that the actual ground state 

geometry can be envisaged as a resonance hybrid of two structures (Scheme 4, only the 

side chain is shown). 

Table 5: Hybridization of the lone pair of electrons at N9, pyramidalization angle at N9 

(for numbering, see Scheme 2) and rotational barrier computed at B3L YP/6-31 +G. level 

oftheory. 

Molecule Occupancy s (%) p (%) Pyramidalization Rotational barrier 

angle,() (in degrees) (kcallmol) 

1-GS 1.642 0.7 99.3 0.8 19.8 

1-TS 1.895 13.1 86.8 22.5 

2-GS 1.729 1.7 98.2 1.7 14. I 

2-TS 1.957 19.0 80.8 34.5 

3-GS 1.704 2.5 97.5 3.5 14.9 

3-TS 1.894 13.5 86.5 23.3 

4-GS 1.798 6.7 93.2 9.4 12.0 

4-TS 1.958 19.6 80.3 36.3 

Scheme 4: Resonance structures ofthe side chain of(l) 
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Out of the two structures, structure li contains a double bond between C8 and N9, 

and it is the presence of this partial double bond, which is responsible for the observed 

barrier. Also, it is necessary to view both the ground and transition state structures of (1) 

from different perspectives to understand the geometrical changes caused by the rotation 

of the C8-N9 bond (Fig. 5). Since the above discussion about the geometry of all the 

complexes show that the geometrical parameters of the side chain of (1) and (2) in both 

the GS and TS are largely unaffected by the presence of the uracil ring, therefore 

emphasis will be laid only on the side chain so that a meaningful comparison can be 

made between all the computed structures. The insight obtained about the nature of the 

C-N bond of interest, i.e., the C8-N9 bond (for numbering of the atoms, look at Scheme 

4) from NBO analysis agrees well with those acquired from geometrical parameters. 

GS 

TS 

Fig. 5: Structures ofGS and TS of(1) viewed from different angles. The top and bottom 

row represents the ground and transition state geometry of (1) with planar and pyramidal 

terminal nitrogen atom, respectively. 

In the GS, it pos~esses partial double bond character where as in the TS, it is a 

single bond as evident from the hybridization ofthe nitrogen atom, which is sp2 and s/ 

hybridized in the GS and TS, respectively (Table 6). The lone pair of electrons on N9 has 

a reduced occupancy in the GS than in the TS (Table 5). This is because in the GS, a part 

of the electron density ofthe lone pair gets delocalized into the anti-bonding orbital of the 
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Table 6: Hybridization ofthe N7-C8 and C8-N9 bonds at the B3LYP/6-3l+G• level of 

theory using the NBO method 

Molecule Bond X-Y Occupancy %X %s (X) %p(X) %Y %s(Y) %p(Y) 

1-GS cr (N7-C8) 1.984 59.1 37.3 62.5 40.8 35.1 64.8 

1t (N7-C8) 1.90 66.4 0.4 99.6 33.6 0.5 99.5 

C8-N9 1.987 37.0 30.7 69.1 62.9 36.3. 63.7 

I-TS cr (N7-C8) 1.987 60.8 39.3 60.5 39.2 34.2 65.7 

1t (N7-C8) 1.940 61.2 0.7 99.0 38.7 0.7 99.1 

C8-N9 1.984 39.3 30.5 69.4 60.7 28.7 71.2 

2-GS (J (N7-C8) 1.987 59.2 38.2 61.6 40.7 35.3 64.6 

1t (N7-C8) 1.915 66.1 1.0 99.0 33.9 0.8 99.2 

C8-N9 1.996 38.8 32.8 67.0 61.1 37.5 62.3 

2-TS cr (N7-C8) 1.989 60.6 38.7 61.0 39.3 34.3 65.6 

1t (N7-C8) 1.938 61.4 0.1 99.9 38.6 0.1 99.9 

C8-N9 1.992 41.0 30.9 69.0 59.0 30.8 69.1 

3-GS cr (N7-C8) 1.991 58.7 25.8 73.9 41.3 24.8 75.1 

1t (N7-C8) 1.994 61.2 12.8 86.8 38.8 12.4 87.5 

C8-N9 1.986 36.8 29.9 70.1 63.1 34.9 64.9 

3-TS (J (N7-C8) 1.995 58.9 40.7 59.0 41.1 36.2 63.7 

1t (N7-C8) 1.992 58.5 0.0 99.9 41.4 0.0 99.9 

C8-N9 1.983 38.7 29.8 70.0 61.3 28.6 71.3 

4-GS cr (N7-C8) 1.995 59.3 24.8 74.9 40.7 24.1 75.8 

1t (N7-C8) 1.992 60.3 14.0 85.7 39.7 13.0 86.8 

C8-N9 1.994 39.0 30.4 69.5 61.0 36.7 63.3 

4-TS (J (N7-C8) 1.998 58.7 40.1 59.6 41.3 36.6 63.3 

1t (N7-C8) 1.993 58.7 1.0 99.0 41.3 1.0 99.0 

C8-N9 1.993 40.3 30.2 69.6 59.6 30.7 69.2 
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adjacent C-N double bond. Such delocalization is not possible in the TS as the 

participating orbitals are orthogonal to each other: The orbital housing the lone pair in the 

GS is an in-plane p orbital, but it attains some s character in the TS, thereby making the 

nitrogen atom more electronegative in the TS. The stabilization energies obtained from 

delocalization of the lone pair of electrons on N9 into the anti-bonding orbital of the 

adjacent C8~N7 double bond decreases from (1) to (4) (Table 7). Correspondingly, the 

rotational barrier also decreases from (1) to (4). It is this stabilizing interaction which is 

responsible for the partial double bond character of the C8-N9 single bond in the GS 

(structure II of Scheme 4) and hence the barrier. Natural charges computed at the same 

level of theory predict a higher negative charge for the N9 atom in the TS (Table 8). This 

Table 7: NBO stabilization energies (kcal/mol) arising out of the delocalization of the 

lone pair of electrons at the terminal nitrogen atom 

Interactions 1-GS 1-TS 2-GS 2-TS 3-GS 3-TS 4-GS 4-TS 

lpN9-+cr*(N7-C8) 10.4 10.7 9.5 10.1 9.8 

lpN9-+n:*(N7-C8) 64.7 56.7 11.7 24.1 

Table 8: Natural charges ofthe terminal heavy atoms calculated at the B3LYP/6-31+G. 

level of theory 

Molecule N7 C8 N9 

1-GS -0.582 +0.321 -0.460 

1-TS -0.473 +0.344 -0.598 

2-GS -0.565 +0.301 -0.847 

2-TS -0.483 +0.319 -0.951 

3-GS -0.777 +0.265 -0.506 

3-TS -0.661 +0.281 -0.605 

4-GS -0.761 +0.245 -0.876 

4-TS -0.669 +0.253 -0.961 
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correlates well with the increased occupancy of N9 in the TS (Table 7). However, the 

charge on the C8 atom does not change appreciably in both the states. On the other hand, 

the N7 atom, which is double bonded to C8, carries a higher negative charge in the GS. 

All these data are consistent with our resonance based explanation about the origin of the 

rotational barrier about the C8-N9 bond. The computed barrier of 19.8 kcaVmol is in 

good agreement with the observed barrier of 18.97 kcal/mol. Interestingly, our 

explanation correlates well with those given for C-N rotational barrier in amides.9 

Bioactivity test: 

We also carried out the bioactivity tests of6-amino-1,3-dimethylpyrimidine-2,4(1H,3H)

dione (A) and 6-[(Dimethylamino )methylene] 1 ,3-dimethylaminopyrimidine-2,4(1 H,3H)

dione (1) against four bacterial strains (both gram positive and gram negative) namely 

Staphylococcus aureus (ATCC 11632), Bacillus subtilis (ATCC 11774), E. coli (ATCC 

9637), Pseudomonas aeruginosa (MTCC 7812) and two fungi strains namely Candida 

albicans, Aspergillus niger. Compounds were found to be inactive against both bacteria 

and fungi. 

Conclusion: 

The present study gives the C-N rotational energy barrier for the dimethylamino group in 

the exocyclic part of (1). As expected, being rigid, the pyrimidine ring does not undergo 

any change in its conformation. Changes occur only in the exocyclic part as the dynamic 

process of fast exchange is induced by the ~pplication ofheat energy. Although from the 

cla5sical viewpoint, we as certain the barrier arising from the partial double bond, yet 

there may be other factors responsible for the observed barrier. Theoretical calculations 

show that the origin of the barrier lies in de localization of the lone pair of electrons on the 

end nitrogen atom into the anti-bonding orbital of the adjacent C-N double bond in the 

ground state. The computed barrier is in good agreement with the observed value. 
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Experimental Section: 

General Procedure for the synthesis of 6-amino-1 ,3-dimethylpyrimidine-2,4(1H ,31/)

dione (A): 

A mixture of 1,3-dimethylurea (8.81g, 0.1 mol), cyanoacetic acid (8.5g, 0.1 mol) and 

acetic anhydride (12.5 ml) were heated with exclusion of moisture under stirring at 6o·c 

for 3h. The excess of acetic anhydride and acetic acid formed during the reaction were 

removed under reduced pressure. A 5% cold sodium hydroxide solution (50ml) was 

slowly added to the cooled residue with stirring whereby 1,3-dimethyl-6-aminouracil 

precipitated out. The precipitated was recrystallized from water to give a pure compound. 

General Procedure for the synthesis of 6-[(Dimethylamino)methylene]1,3-

dimethylpyrimidine-2,4(1H ,3H)-dione (1 ): 

A mixture of 1,3-dimethyl-6-amin9 uracil.(l.55, 0.1 mol) and N,N-dimethyl formamide 

dimethyl acetal (DMF-DMA) (1.32 ml, 0.1 mol) were refluxed in heating mantle. 1,3-. 

dimethyl-6-aminouracil is insoluble in DMF-DMA, but when we heated it up, it become 

soluble and after 1 h the 6-[(Dimethylamino)methylene]1,3-dimethylaminouracil 

precipitated out. The precipitate was recrystallized from ethanol (98%) to give a pure 

compound. The reaction proceeded more efficiently when carried out under microwave 

irradiation and takes only 3 min to complete the reaction in 95% yield. 

Geometry: 

All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated 

using the full covariance matrix. The cell e.s.d.'s are taken into account individually in 

the estimation of e.s.d.'s in. distances, angles and torsion angles; correlations between 

e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An 

approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving 

l.s. planes. 
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Refinement: 

Refinement ofF against all reflections. The weighted R-factor wR and goodness of fit S 

are based on F, conventional R-factors Rare based on F, with Fset to zero for negative 

F. The threshold expression ofF> cr(F) is used only for calculating R-factors etc. and 

is not relevant to the choice of reflections for refinement. R-factors based on F are 

statistically about twice as large as those based on F, and R- factors based on all data will 

be even larger. 

Physical and spectral data: 

6-amino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (A) 

Yield 96%. m.p. 290-292 ·c. Colour- Transparent middle 

crystalline solid. Solubility- Soluble in water, sparingly soluble 

aprotic polar solvents like DMF, DMSO, DMAc etc. IR Vmax 

(KBR)/cm-1 3451.81, 2993.08, 1705.00 1620.31, 1587.29; 1H 

NMR (400 MHz, DMSO-d6, 25 °C, TMS) 6H 3.06 (s, 3H, 

NCf.h), 3.23 (s, 3H, NCH3), 4.70 (s, lH, CH), 6.79 (br s, 2H, NH2) ppm; 13C NMR (100 

MHz, DMSO-d6, 25°C, TMS) c5c 27.1 (NCH3), 29.3 (NCH3), 75.0 (C-6), 151.7 (C-5),-

155.0 (C-4), 161.6 (C-2) ppm; MS, m/z 155~); Anal. Calcd (%) for C6H9N30 2: C, 

46.45; H, 5.85; N, 27.08. Found C, 46.52; H, 5.91; N, 27.09. 

6-[ (Dimethylamino )methylene] 1 ,3-dimethylpyrimidine-2,4(18 ,3H}-dione (1) 

Yield 93%. mp 148-150 °C. Colour- Yellow shining 

transparent crystalline solid. Solubility- Soluble in water and 

common organic solvents; IR Ymax (KBR)/cm-1 1700 and 1650 

(C':"O), 1630 (C=N); 1H NMR (300 MHz, CDCh) c)H 2.99 (s, 

3H, NCH3), 3.12 (s, 3H, NCH3), 3.23 (s, 3H, NCH3), 3.3 (s, 3H, NCH3), 4.9 (5-H), 7.49 

(CH=N) ppm. 13C NMR (100 MHz, CDCb) c5c 158.20 (C-2), 152.41 (C-4), 154.21 

(CH=N), 148.34(C-6), 144.67 (C-5), 29.81 (NCH3), 29.32 (NCH3), 28.96 (NCHJ), 27.91 

(NCH3) ppm. MS, mlz 210 (Ml; Anal. Calcd (%)for C9H1~402: C, 51.42, H, 6.66, N, 

26.66. Found C, 51.52, H, 6.71, N, 26.30. 
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CHAPTER4 



No one can deny the role and versatility of Diels - Alder reaction (DAR) in organic 

synthesis. The corresponding aza version of DAR, i.e. aza-Diels-Alder reaction (aza

DAR) is another most well-studied, synthetically useful organic transformation and 

provides a powerful methodology for the construction of nitrogen-containing six

membered ring compounds in a single step, which constitute a broad spectrum of natural 

products; alkaloids, pharmaceutically, biologically active compounds and polymeric 

materials. 1 It is also one of the most synthetically useful methods with high regio- and 

stereo-selectivity of the products under mild conditions? Not only chemical synthesis, 

and total synthesis, but also biosynthesis of many natural products were reported via aza

DAR.3 The inverse electron demand aza-DAR has increased it's dimension one step 

forward. 

There are already compelling evidences that aza-dienes have low reactivity in normal 

DAR, that evidence was based on calculated energies of activation (Ea). Experimental 

ionization potentials, electron affinities and theoretical energies of HOMO and LUMO 

orbitals' for a number of aza-dienes have been reported.4 This is one of the reasons of 

low reactivity of aza-dienes, that presence of nitrogen atom of the diene creates a n

electron-deficient system and thus lowers its reactivity in the normal HOMOdiene 

controlled OARs with electron poor dienophiles. 

Here, we have considered aza-DAR by choosing the diene 6-[(dimethylamino) 

methylene]-1,3-dimethylaminouracil (4), which is a very interesting pyrimidine 

derivative with an azadiene unit residing partly in the ring and partly in the exocyclic 

part. It was po~tulated that the dienophilic nature of the pyrimidine ring was rather 

limited, and the diene properties of vinylpyrimidines has not yet been established. It 

happened only if a vinylpyrimidine system was appropriately substituted with strong 

electron-donating groups, cycloaddition might occur with electron-deficient dienophiles. 

ln our previous reports,5 we described aza-DAR by exploiting the reaction of the diene, 

6-[(dimethylamino )methylene ]-1 ,3-dimethylaminouracil ( 4) with various dienophiles. 
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Section A 

An efficient synthesis of pyrido[2,3-d]pyrimidine-2,4-dione derivatives 

by a one-pot, multi-component reaction and their biological assay 

Introduction: 

The multi-component reaction (MCR) has drawn much attention these days as one ofthe 

most powerful emerging synthetic tools to synthesise biologically active compounds and 

have become an important area of research in organic, combinatorial, and medicinal 

chemistty.6 They also have significant advantages in terms of user and ecofriendliness, 

because of step reduction and atom economy associated to their use.7 Here, we report the 

synthesis of fused uracil derivatives by using MCR strategy. 

The importance of uracil and its derivatives has already been descrided in 

Chapter-2 (references 12-24, page-104-107). By using uracil and their derivatives many 

pyrido[2,3-d]pyrimidine derivatives have been synthesized and those synthesized 

compounds have shown wide spectrum of bioactivities such as anticancer,8 antiviral,9 

antimicrobial, 10 antioxidant, 11 antitumor, 12 anti leishmania! agent, 13 antiinflammatory, 14 

and potent phosphodiesterase 4 inhibitors.15 Recently, pyrido[2,3-d]pyrimidine 

analogues of folic acid have been screened for adenosine receptor antagonists. 16 In view 

ofthe biological significances ofpyrimidine compounds, we have taken up the synthesis 

of such pyrimidine derivatives. 17 

Materials and Methods: 

Melting points were determined with a Blichi 504 apparatus. IR spectra were recorded as 

K.Br pallets with a Nicolet (Impact 410) Ff-IR spectrophotometer. 1H and 13C NMR 

spectra were recorded with a JNM ECS 400 MHz NMR spectrophotometer (JEOL) using 

tetramethylsilane (TMS) as the internal standard. Reactions were monitored by thin-layer 

chromatography using aluminium sheets with silica gel 60F254 (Merck). Elemental 

analyses were carried out with a Perkin-Elmer CHN analyser (2400 series In. Mass 

136IPage 



spectra were recorded with a Waters Q-TOF Premier and Aquity UPLC spectrometer. All 

the chemicals were used as received. 

Compounds: 

All the tested compounds were synthesized by our general reaction procedure. The 

structures of the compounds were confirmed on the basis of IR, 1H and 13C NMR 

spectroscopy, mass spectrometry and elemental analyses. 

Chemicals: 

All the chemicals used including the solvents, were of analytical grade. Bacterial strains 

were kindly provided by Dr. Tapash Medhi, Department of Molecular Biology & 

Biotechnology, Tezpur University, Assam, India. 

Preparation of standards for bioactivity tests: 

Each sample was dissolved in absolute ethanol (analytical grade) and stock solutions of 

1 mg/ml were prepared for the experiment. Concentrations of 25mg/rnL, 50mg/rnL, 

1 OOmg/rnL, 150mg/mL, 200mg/mL, 250mg/mL and 500g/rnL of uracil derivatives in 

sterilized DMSO were prepared. Sterilized DMSO without the test compound as negative 

control, another with gentamicin (1 mg/rnL) as positive control for the bacteria and for 

fungi clotrimazole (1 mg/rnL) were used to serve as positive control. 

Antibacterial assay procedure: 

The agar well diffusion technique was used in the present investigation, following the 

procedure described by Boakye-Yiadom,18 Banso and Adeyemo, 19 and Radhika et aP0 

Five (5) wells, 8mm each were made on solidified nutrient agar and Sabouraud Dextrose 

Agar (SDA) media plates, respectively with the help of a sterile cork borer. 200,ul of the 

log phase culture of the test microbes which includes S. aureus (ATCC 11774) and E. 

coli (ATCC 9637) were seeded on the surface of the nutrient agar medium, using swab 

stick. The cut agar discs were removed with the aid of sterile forceps. Concentrations of 

25mg/rnL, 50mg/mL, 1 OOmg/mL, 150mg/mL, 200mg/rnL, 250mg/mL and 500mg/mL of 
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the compound in the sterilized DMSO were separately introduced into separate wells. 

Two (2) ·control holes were set up, one filled with sterilized DMSO without the test 

compound as negative control, another with gentamicin as positive control for the 

bacteria, clotrimazole was used to serve as positive control in case of fungi. The plates 

were incubated at 37 OC for 24 h and 15 days at 27 OC respectively for the bacterial 

cultures. The observed zones of inhibition were measured using transparent metric ruler. 

MIC assay procedure: 

Same as described in Chapter 2 (Section A, Page No. 55). 

MTT assay for cytotoxicity tests: 

To test the cytotoxicity of the pyrido[2,3-d]pyrimidine derivatives, MTT assay was done 

in lymphocyte cell culture. The principle ofthis cytotoxicity test is that the yellow MIT 

(3-(3,4-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole) is reduced to 

purple formazan in the mitochondria of living cells. Therefore the number of surviving 

cells can be determined indirectly by MTT reduction. 

CYP450 induction study: 

The in vitro CYP450 induction study was carried out in cells isolated from Goat liver. 

Isolated hepatocytes were tested for P450 induction using pyrido[2,3-d]pyrimidine 

derivatives having low MIC value and Rifampicin as a control. Finally, the samples were 

spectrophotometrically screened for the presence of CYP450 between 400 to 500 nm. 

Results and Discussion: 

Pyrido[2,3-d]pyrimidine derivatives (5) were synthesized by using MCR of 6-

[(dimethylamino )methylene ]amino- I ,3-dimethyluracil (4), cinnamaldehyde (1) and 

amino moieties (2) (both aromatic and aliphatic) at 0-60 oc in the presence of In(OTt)3 

(1 0 mol%) as a catalyst by simple stirring in dry CHCb (Scheme 1). 
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Scheme 1: Synthesis of pyrido[2,3-d]pyrimidine (5) 

5 

To the best of our knowledge, there are very few examples in which the use of (4) as 

aza-diene have been described. 21 In 2000, Yoon eta! reported the aza-DAR of 5-iodo-6-

(dimethylaminomethylene)amino-1,3-dimethyluracil with acetylenes in presence of 

palladium-catalyst resulting the pyrido[2,3-d]pyrimidines. 22 Pyrazolyl-2-azadiene having 

similar aza-diene unit like 6-[(dimethylamino )methylene ]amino-! ,3-dimethyluracil, 

reacted with nitroalkenes to form aza-DA products. 23 

The reaction might proceed in two steps, firstly formation· of conjugated Schiff 

base (3) by reaction between cinnamaldehyde (1) and amino moieties (2), then secondly 

the reaction between 6-[(dimethylamino)methylene]amir1o uracil (4) and conjugated 

Schiff base (3) to form aza-DA product pyrido[2,3-d]pyrimidines (5). The structure of 

product (5) as pyrido[2,3-d]pyrimidine derivatives were confirmed on the basis of NMR 

(
1H and 13C) spectroscopy, FT-IR spectroscopy, mass spectrometry and elemental 

analyses. 

In the 1H NMR spectuum of (Sa, R= Ph), peaks at 6 = 3.21 (3H) and 3.83 (3H) 

ppm are due to the two N-methyl groups, the peaks within 6 = 6.68-7.85 ppm are due to 

ten aromatic protons and the peak at c5 = 8.01 & 9.42 ppm are due to the imine proton. 
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Table 1: Synthesis of pyrido[2,3-d)pyrimidine derivatives (S) 

Entry Amino Compounds 2 Ti.me/h m.p. CCC) Yield (%)lal 

a C6H4NH2 8 243-244 71 

b p-Cl-C6H4NH2 8 243-245.3 73 

c p-OCH3-C6H"NHz 9 265-267 67 
' 

d p-CH3-C6H"NH2 8 199-200 68 

e m-N02-C6H4NH2 8 140-145 63 

f CH3NH2 9 182.7-185.8 66 

g CH2-C6H4NH2 9 160.9-165 73 

h CHz-CHz-CHz-CH3NHz 9 144.5-146.1 61 

(a] Isolated yield 

Encouraged by this result, to study the scope and limitations of the reaction 

further, we extended the reaction to other differently substituted aromatic and aliphatic 

amines (2a-h) under the same optimized reaction conditions. The results are summarized 

in Table 1 (entries a-h). All the amines (entries a-h, Table l) reacted with equal ease 

within shm1 times to furnish the pyrido(2,3-d]pyrimidines (Sa-h) in good yields (61-

73%). 

Bioactivity tests: 

The pyrido[2,3-d]pyrimidine derivatives (Sa-h) were sereened against two non

pathogenic bacterial strains viz. S. aureus (gram +ve) and E. coli (gram -ve). Compounds 

possess inhibitory activities against S. aureus bacteria, whereas no inhibitory activity was 

found against E. coli bacteria. The main reason for this may be the difference in the cell 

wall structure of the gram +ve and gram -ve bacteria. The zone of inhibition for the 

compound (Sc) is shown in Fig. l. Further, .the MIC values of the pyrido[2,3-

d)pyrimidine derivatives (Sa-h) were calculated by using MTT assay at different 

concentrations. The detail result of antibacterial activity tests and MIC values of 

pyrido[2,3-d]pyrimidine derivatives (Sa-h) are shown in Table 2 and Table 3 

respectively. 
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S aureus (gram + ve ) E coli (gram - ve) 

Fig. 1: Zone of inhibition of compound (Sc) 

Table 2: Resu lt of antibacterial activity tests ofpyrido[2,3-d]pyrimidine deri vati ves (5) 

Entry R Solubi lity Antimicrobial activity against 

S. aureus E. coli 

a C6H4 DMSO ++ 

b p-C I-C6H-1 DMSO + 

c p-OCHrC6H4 DMSO +++ 

d p-CH3-C6H1 DMSO ++ 

e m-N02-C6H-1 DMSO + 

f Cl-h DMSO ++ 

g CH2-C6H-1 DMSO ++ 

h CH2-CH2-CHr CH3 DMSO ++ 

Sign: -( Inactive): + (Poor): ++ (Good): +++ (Very good) 
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Table 3: MIC va lues of pyri do (2,3-d) pyrimidine derivat ives (5) 

Cone. (mg/ml) Entry Entry Entry Entry Entry Entry Entry Entry 

Sa Sb Sc Sd Se Sf Sg Sh 

12 12 14 12 s 6 s 6 

O.S 8 8 12 8 2 s 4 4 

0.2 5 2 10 4 
_., 

3 2 .) 

0. I 
_., 

8 2 2 2 .) 

0.05 s 
0.02S 

The cell viabili ty for different concentrat ion of pyrido[2 ,3-d)pyrimidine 

derivatives (Sa-h ) showed that the ce ll viabi li ty was maximum at lowest concentration 

( 10 11g/ml) and on increasing the concentration the cell viabi 1 ity decreased. The detail 

results for the compound (Sc) are shown graphically in Fig. 2 . 
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Fig. 2: The percentage of cell viabi lity for (Sc) 

We also studied the induction of cytochrome P4SO (CYP4SO) by the p-methoxy 

substituted pyrido(2,3 -d ]pyrimidi ne derivati ves (Sc). which has the lowest MIC value 

(0.02S 11g/ml) and the CYP4SO exhi bited maxim um absorbance at wave length 420 nm 

rather than 4SO nm. This may be due to the denaturation of CYP4SO during its iso lation 
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from the hepatocytes and also due to the low viability (20%-30%) ofthe cells compared 

to the required viability of85%. The results are shown in Fig. 3 and Fig. 4. 
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Fig. 3: CO diffference spectra of rifampicin 
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Fig. 4: CO difference spectra of(Sc) 
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Conclusion: 

Multi component reaction strategy utilising aza-DA methodology has been used 

successfully for the construction of fused heterocyclic systems like pyrido(2,3-

d)pyrimidine-2,4-dione derivatives. 

Anti-bacterial activity of I ,3-dimethyl-5-phenylpyrido[2,3-d]pyrimidine-2,4-

dione derivatives, cell-viability test of 1 ,3-dimethyl-5-phenylpyrido [2,3-d] pyrimidine-

2,4-dione derivatives were done and all the compounds showed anti-microbial properties. 

Cytotoxicity test of 1 ,3-dimethyl-5-phenylpyrido[2,3-d]pyrimidine-2,4-dione derivatives 

exhibit variability in survival percentage with different loading concentration and 

methoxy-substituted-pyrid~[2,3-d]pyrimidine derimatives showed potency to induce 

cytochrome P450. 

Experimental: 

Typical reaction procedure for the one-pot synthesis of pyrido[2,3-d]pyrimidine 

derivatives (5) 

Cinnamaldehyde (1, 0.13 ml, 1 mmol), aniline (2a, 0.091 ml, I mmol) and 6-

[(dimethylamino)methylene] I ,3-dimethylaminouracil (4, 209 mg, I mmol) were mixed in 

dry chloroform (20 mL) taken in a 50 mL round-bottomed flask and the mixture was 

stirred at room temperature for 10 min. Cooled the reaction mixture to 0 °C using ice 

bath, then added the In(OTf)3 (5.6 mg, 10% of 1 mmol) with constant stirring. Gradually, 

the reaction mixture was allowed to come to room temperature. Then we refluxed the 

reaction mixture at 60 °C with constant stirring and after 6 h, we got the pure product (Sa) 

in 71% yield. The product was separated through TLC, dissolved in distilled ethanol 

(98%) and then warmed, filtered, allowed to cool and evaporate the filtrate at room 

temperature, when square shaped yellow shining transparent crystals came out. The 

crystals were collected through filtration and dried; m.p. 243-244 °C. 

The same procedure was followed for the other substrates. 
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Physical and spectral data: 

1,3-dimethyl-5-phenyl-6-((phenylimino)methyl)pyrido[2,3-d]pyrimidine-2,4(1H,3H)

dione (Sa) 

' 
Colour- brown shining transparent crystalline solid. 

Solubility- insoluble in water, soluble in common organic 

solvents. m.p. 243-244 oc. IR (KBr) (vmaxlcm-1) 3034.17, 

2927.33, 1685.91, 1626.87, 1567.91, 1493.81; 1H NMR (400 

MHz, CDCb) 81-1 3.35 (s, 3H, NCH3), 3.83 (s, 3H, NCH3), 6.68-7.85 (m, I OH, arom), 

8.01 (s, H, CH=N), 9.52 (s, H, CH=N) ppm; 13C NMR (I 00 MHz, CDCb) De 28.8, 29.1, 

125.7, 126.6, 127.9, 128.7, 129.4, 129.9, 130.1, 132.5, 138.1, 149.1, 150.9, 154.4, 158.5, 

164.8 ppm. MS, mlz 370 (M+); Anal. Calcd (%) for C22H1sN402: C, 71.34; H, 4.90; N, 

15.13. Found C, 71.31; H, 4.95; N, 15.10. 

6-( {p-chloropheny limino )methyl)-! ,3-dimethyl-5-phenylpyrido [2,3-d] pyrimidine-

2,4(1H,3H)-dione (Sb) 

Colour- yellow shining transparent crystalline solid. 

Solubility- insoluble in water, soluble in common organic 

solvents. m.p. 243-245 oc. IR (KBr) (vmaxlcm- 1) 3034.21, · 

2926.31, 1696.19, 1627.17, 1589.19, 1493.10; 1H NMR 

(400 MHz, CDCb) 81-1 3.37 (s, 3H, NCH3), 3.44 (s, 3H, NCH3), 6.89-7.58 (m, 9H, arom), 

8.11 (s, H, CH=N), 9.25 (s, H, CH=N) ppm; 13C NMR (1 00 MHz, CDCI 3) Oc 28.6, 29.4, 

124.8, 125.7, 127.8, 128.4, 129.4, 129.9, 130.4, 132.7, 138.1, 149.2, 151.0, 154.3, 158.5, 

164.3 ppm. MS, m/z 405 (M+); Anal. Calcd (%)for C22H17CIN402: C, 65.27; H, 4.23; N, 

13.84. Found C, 65.31; H, 4.26; N, 13.81. 
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6-((p-methoxyphenylimino)methyl)-1,3-dimethyl-5-phenylpyrido[2,3-d]pyrimidine-

2,4(1H,3H)-dione (Sc) 

Colour- yellow shining transparent crystalline solid. 

--o Solubility- insoluble in water, soluble in common 
H3C,N N ~ ;/ OCH3 

)....__ organic solvents. m.p. 265-267 °C. IR (KBr) (v111a)cm- 1) 
0 N N 

CH3 3032.11,2927.31,1697.61, 1636.17,1583.91, 1497.88; 

1H NMR (400 MHz, CDCh) 8H 3.36 (s, 3H, NCH3), 3.45 (s, 3H, NCH3), 3.91 (s, 3H, 

OCH3), 7.12-7.87 (m, 9H, arom), 8.15 (s, H, CH=N), 9.15 (s, H, CH=N) ppm; 13C NMR 

(100 MHz, CDCh) 8c 28.6, 29.4, 53.6, 124.8, 115.8, 125.5, 128.5, 129.2, 129.2, 130.1, 

132.7, 1~8.1, 148.9, •151.3, 153.8, 158.5, 163.2 ppm. MS, mlz 401 (M+); Anal. Calcd (%) 

for C23H2oN403: C, 68.99; H, 5.03; N, 13.99. Found C, 68.96; H, 5.06; N, 13.95. 

6-( (p-tolylimino )methyl)-1 ,3-dimethyl-5-pheny lpyrido [2,3-d] pyrimidine-2,4(1H,3H)

dione (Sd) 

Colour- brown shining transparent crystalline solid. 

Solubility- insoluble in water, soluble in common organic 

solvents. m.p. 199-200 °C. IR (KBr) (vmaxfcm-1) 3033.10, 

2927.13, 1695.96, 1626.70, 1587.29, 1493.08; 1H NMR 

(400 MHz, CDCb) 8H 2.13 (s, 3H, CH3), 3.36 (s, 3H, NCH3), 3.44 (s, 3H, NCH3), 7.11-

7.77 (m, 9H, arom), 8.10 (s, H, CH=N), 9.20 (s, H, CH=N) ppm; 13C NMR (100 MHz, 

CDCh) 8c 20.9, 30.6, 36.5, 123.6, 127.1, 128.3, 128.9, 129.3, 130.2, 131.0, 135.1, 136.2, 

139.5, 142.0, 149.2, 153.1, 158.4,163.2 ppm. MS, mlz 384 (M+); Anal. Calcd (%)for 

C23H2oN402: C, 71.86; H, 5.24; N, 14.57. Found C, 71.86; H, 5.26; N, 14.53. 

6-((m-nitrophenylimino)methyl)-1,3-dimethyl-5-phenylpyrido[2,3-d)-pyrimidine-2,4 

-(1H,3H)-dione (Se) 

Colour- brown shining transparent crystalline solid. Solubility- insoluble in water, soluble 

in common organic solvents. m_p. 140-145 °C. IR (KBr) (v111a)cm-1) 3036.51, 2924.33, 

1696.19,1625.73,1589.31, 1491.81; 1H NMR (400 MHz, CDCb) 8H 3.35 (s, 3H, NCH3), 
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· 3.47 (s, 3H, NCH3), 7.07-7.90 (m, 9H, arom), 8.09 (s, H, 
• N02 " 

;=( CH=N), 8.99 (s, H, CH=N) ppm; 1 ~C NMR (1 00 MHz, 
H3C-... -N~ 1 . CDCb) be 29.9, 34.5, 119.2, 123.6, 127.1, 128.2, 128.9, 

0 N N 
CH3 129.0, 129.2, 130.4, 131.3, 136.2, 149.7, 154.4, 158.7, 

164.3 ppm. MS, m/z 415 (M+); Anal. Calcd (%)for C22H 17N 50 4: C, 63.61; H, 4.12; N, 

16.86. Found C, 63.59; H, 4.16; N, 16.81. 

1,3-dimethyl-6-((methylimino)methyl)-5-phenylpyrido[2,3-d)pyrimidine-2,4(1H,3H)

dione (Sf) 

Colour- brown shining transparent crystalline solid. 

Solubility- insoluble in water, soluble in common organic 

solvents. m.p 182:7-185.8 °C. IR (KBr) (v 1113)cm.1) 

3033.32,2927.31, 1696.19, 1627.17, 1586.12, 1495.18; 1H 

NMR (400 MHz, CDCb) bH 2.13 (s, 3H, CH3), 3.33 (s, 3H, 

NCH3), 3.35 (s, 3H, NCH3), 7.23-7.58 (m, 5H, arom), 8.10 (s, H, CH=N), 9.18 (s, H, 

CH=N) ppm; 13C NMR (100 MHz, CDCb) be 20.7, 30.1, 33.5, 127.7, 128.0, 128.6, 

128.6, 128.6, 143.5, 148.8, 154.3, 158.3, 163.2 ppm. MS, m/z 308 (M+); Anal. Calcd (%) 

for C17H16N402: C, 66.22; H, 5.23; N, 18.17. Found C, 66.23; H, 5.26; N, 18.15. 

6-((benzylimino)methyl)-1,3-dimethyl-5-phenylpyrido[2,3-d)pyrimidine-2,4(1H,3H)

dione (Sg) 

Colour- brown shining transparent crystalline solid. 

Solubility- insoluble in water, soluble in common organic 

solvents. m.p. 160.9-165 °C. IR (KBr) (Ymaxfcm. 1) 

3033.21, 2923.31, 1694.19, 1625.27, 1588.12, 1493.18; 

1H NMR (400 MHz, CDCb) bH 3.33 (s, 3H, NCH3), 3.75 

(s, 3H, NCH3), 4.15 (s, 2H, CH2), 7.15-7.55 (m, I OH, arom), 8.11 (s, H, CH=N), 9.25 (s, 

H, CH=N) ppm; 13C NMR (100 MHz, CDCb) be 31.6, 36.5, 63.8, 127.3, 128.3, 128.7, 

129.0, 129.2, 129.7, 129.9, 130.1, 135.0, 137.1, 140.2, 142.1, 146.7, 158.7, 163.2 ppm. 
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MS, mlz 384 (M+); Anal. Calcd (%)for C23H2oN402: C, 71.86; H, 5.24; N, 14.57. Found 

C, 71.83; H, 5.26; N, 14.56. 

6-((Z)-(butylimino)methyl)-1,3-dimethyl-5-phenylpyridof2,3-d]pyrimidine-2,4 

(1H,3H)-dione (Sh) 

Colour- brown shining transparent crystalline solid. 

Solubility- insoluble in water, solubl~ in common 

organic solvents. m.p. 144.5-146.1 °C. IR (KBr) 

(Ymaxfcm- 1
) 3032.91, 2928.01, 1696:15, 1626.70, 

1586.42, 1493.45; 1H NMR (400 MHz, CDCi]) 8H 

0.84-0.88 (m, 3H, -CH3), 1.26-1.30 (m, 4H, CHrCH2), 2.05-2.21 (m, 2H, CH2), 3.33 (s, 

3H, NCH3), 3.37 (s, 3H, NCH3), 7.18-7.54 (m, 5H, arom), 8.11 (s, H, CH=N), 9.24 (s, H, 

CH=N) ppm. 13C NMR (1 00 MHz, CDC b) 8c 13.3, 21.8, 27.4, 27.9, 31.6, 35.5, 127.3, 

128.3, 128.7, 129.0, 129.3. 137.1, 140.2, 142.1, 148.7, 158.7, 163.2 ppm. MS, mlz 350 

(M+); Anal. Calcd (%) for C20H22N40 2 : C, 68.55; H, 6.33; N, 15.99. Found C, 68.53; H, 

6.36; N, 15.97. 
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Section B 

Hetero-Diels-Alder methodology for the synthesis of novel bispyrimido

[4,5-d)pyrimidine derivatives and their biological activities 

Introduction: 

Pyrimido[ 4,5-d)pyrimidine derivatives are one of the maJOr classes of fused uracil 

derivatives and have shown bioactivities such as antibacterial24 and antifugal. 25 Recently, 

pyrimido[4,5-d)pyrimidine derivatives have shown good potentiality in in vitro HBV 

DNA replication inhibition and as nucleoside transport inhibitor.26 In view of the 

biological significances of pyrimido[ 4,5-d)pyrimidine and other pyrimidine compounds 

(references 24, Chapter-2, page- I 07), we have been focussing on design and synthesis of 

such pyrimidine derivatives. 

Materials and Methods: 

Melting points were determined with a Bi.ichi 504 apparatus. IR spectra were recorded as 

KBr pallets with a Nicolet (Impact 41 0) FT -IR spectrophotometer. 1 H and 13C NMR 

spectra were recorded with a JNM ECS 400 MHz NMR spectrophotometer (JEOL) using 

tetramethylsilane (TMS) as the internal standard. X-ray intensity data were collected with 

a Bruker SMART APEX CCD area-detector diffractometer with Mo-Ka radiation (A. = 

0.71073 A). The structures were solved by SHELX97 and refined by full-matrix least

squares on f2 (SHELX97). Reactions were rr{0nitored by thin-layer chromatography 

using aluminium sheets with silica gel 60F254 (Merck). Elemental analyses were carried 

out with a Perkin-Elmer CHN analyser (2400 series II). Mass spectra were recorded with 

a Waters Q-TOF Premier and Aquity UPLC spectrometer. All the chemicals were used as 

received. 
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Compounds: 

All the tested compounds were synthesized by our general reaction procedure. The 

structures of the products were confirmed on the basis of IR, 1H and 13C NMR 

spectroscopy, mass spectrometry, elemental analyses and single crystal X-ray analysis. 

Chemicals: 

All the chemicals used including the solvents, were of analytical grade. Bacterial strains 

were kindly provided by Dr. Tapash Medhi, Department of Molecular Biology & 

Biotechnology, Tezpur University, Assam, India and fungal strains were supplied by 

Department of Plant Pathology, Assam Agriculture University, Assam, India. 

Preparation of standards for bioactivity tests: 

Same as described in Chapter-4 (Section-A, Page No. 13 7). 

Antibacterial and antifungal assay procedure: 

Same as described in Chapter-4 (Section-A, Page No. 13 7). 

MIC assay procedure: 

Same as described in Chapter-2 (Section-A, Page No. 55). 

Results and Discussion: 

In this section, we have reported the synthesis of bis-pyrimido( 4,5-d)pyrimidine 

derivatives '(9, 13 & 16) by the reaction between the amidine ( 4) and bis-imines (6, 10 & 

14) (Schemes 2, 3 and 4) respectively. For our convenience and as per demand of the 

situation, we have developed a new synthetic methodology for the synthesis of 

symmetrical bis-imines under microwave irradiation without using any solvent 111 

presence of p-TSA as catalyst (chapter 5). The symmetrical bis-imines so synthesized 

will be used here. 
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Scheme 2: Synthesis of bis-pyrimido[ 4,5-d]pyrimidine derivatives (9) 

Treatment of 2 equivalent of ( 4), with 1 equivalent of bis-imines (6) in presence 

ofln(OTf)3 (1 0 mol %) as a catalyst by simple stirring in dry CHCb for 8-12 h afforded, 

after elimination of dimethylamine from the 1: 1 cycloadduct, the corresponding bis

pyrimido[4,5-d]pyrimidine derivatives (9) as a major product in 55-85% yields (Scheme 

2). Bis-imines (6a-e) were obtained from the reaction between aromatic dialdehyde (7) 

and aromatic amines (8). 

For generalization of our work, we have synthesised three different types of 

bispyrimido[ 4,5-d]pyrimidine derivatives (9, 13 & 16) by changing the bis-imine 

derivatives keeping the amidine (4) fixed. The results are summarised in Table 4. As a 

model reaction, firstly we carried out the reaction between ami dine ( 4) and the imine N

(phenylimino)methyl)benzylidene)benzenamine (6a) (Scheme 2). The product (9a) was 

obtained in 91% yield (reaction time, 11 h). 
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Table 4: Synthesis of bis-pyrimido[ 4,5-d)pyrimidine derivatives (9) 

Entry Amino Compounds 2 Time/h m.p. (°C) Yield (%)[aJ 

a C6H4NH2 11 360 91 

b p-Cl-C6H4NH2 10 365 97 

c p-OCH3 -C&H4NHz 12 276 73 

d p-CH3-C6H4NH2 1 1 193 81 

e m-NOz-C6H4NH2 8 287 98 

[a] Isolated yield 

In the 'H NMR spectrum of (9a, R= Ph), peaks at 8 = 3.25 (6H) anci 3.31 (6H) 

ppm are due to the six N-methyl groups, at (5 = 5.99 ppm is due to the >CH proton, within 

(5 = 7.03-7.06 and (5 = 7.27-7.38 ppm are due to five aromatic protons and at (5 = 7.78 ppm 

is due to the imine proton. 

Similarly, (9b) was obtained in 97% yield within 10 h. The structure was further 

confirmed through single crystal X-ray analysis. Suitable crystals were obtained by slow 

evaporation of(9b) from DMF solution. ORTEP diagram ofthe compound (9b) is shown 

in Fig. 5. Alternatively, a three componrnt reaction invilving dialdehyde (7), amine (6a-e) 

and amidine ( 4) in refluxing toluene for overnight afforded the product (9a-e) in 

comparable yields. No catalyst was used. However, when the three component reaction 

was done at 0 °C in dry CHCb using In(OTf3) as catalyst, the result was not encouraging. 

Using the same reaction procedure as mentioned above, we extended the reaction 

to bis-imines (10), keeping the ami dine ( 4) fixed (Scheme 3). The results are summerised 

in Table 5). Bis-imines (lOa-e) were obtained from the reaction between aliphatic 

diamine (11) and aromatic aldehydes (12). 

Here, the yields of the products (13) are somewhat lower. The alternative strategy, 

three component" reaction involving diamine (11), aldehyde (12) and amidine ( 4) in 

refluxing toluene didnot provide any product. 
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Scheme 3: Synthesis ofbis-pyrimido[4,5-d]pyrimidine derivatives (13) 

Going one step further, we next investigated the reaction between the imine (14) 

and amidine (4) (Scheme 4) under the same condition as defined in Scheme 2 & 3. 

Although from TLC, we could see something happening but we failed to isolate any 

product. The alterrnative three component strategy also failed in this case. Bis-imines 

(l4a-e) were obtained from the reaction between aromatic diamine (15) and aromatic 

aldehydes (12). 

Table 5: Synthesis ofbis-pyrimido[4,5-d]pyrimidine derivatives (13) 

Entry Aldehyde Compounds 12 Time/h m.p. (°C) Yield (o/o)lal 

a C6H4NHz 8 189-191 63 

b p-Cl-C6H4NH2 8 197-198 71 

c p-OCH3-C6H4NHz 9 201-203 56 

d p-N02-C6H4NH2 8 181-183 73 

e m-N Oz-C6H4 NH2 8 180-184 73 

[a] Isolated yield 

153 I Page 



15 

CHO 

+ 6 + 

R 

R= H, p-CH3 , p-CI, p-OMe, p-N02 

2 4 

Scheme 4: Synthesis ofbis-pyrimido[4,5-d]pyrimidine derivatives (16) 

Fig. 5: ORTEP diagram ofCompound (9b) 
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Table 6: Detail crystallographic data of (9b) 

Formula Q37H3sChN90s 

M 760.64 

Crystal system Orthorhombic 

Tern perature/K 294 (2) 

Space group Pnma 

a/ A 16.0317(17) 

bl A 22.181(2) 

ciA 10.2433(13) 

a (o) 90 

~ (0) 90 

y (0) 90 

VI A3 3642.5(7) 

z 4 

Del mg·m-3 1.387 

Reflns. Collected 31686 

Reflns. Unique 3292 

R(int) 0.1051 

Index ranges -19<=h<=19, -26<=k<=29, -12<=h<=12 

Refinement method Full-matrix, least squares on F2 

wR2 0.2567(3292) R1 0.0844(1970) GoF 1.396 

Bioactivity tests: 

The synthesised pyrimido[4,5-d]pyrimidine derivatives (9a-e) & (13a-e) were screened 

against four non-pathogenic bacterial strainsviz. S. Ctureus (gram +ve), B. subtilis (gram 

+ve), E. coli (gram -ve), P. diminuta (gram -ve). Compounds possess inhibitory activities 

against E. coli and P. diminuta, whereas no inhibitory activity was observed against S. 

aureus and B. subtilis bacteria (Table 7). The main reason for this may be the difference 

in the cell wall structure of the gram positive and gram negative bacteria. No inhibitory 
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activity was also noticed against fungi (Table 7). The detail zones of inhibition are shown 

in Table 7. Further, we have calculated the MIC values ofthe pyrimido[4,5-d]pyrimidine 

derivatives (9a-e) & (13a-e) by using MTT assay at different concentration. The detail 

antibacterial activities and MIC values of pyrimido[4,5-d]pyrimidine derivatives (9a-h) 

& (13a-e) are shown in Table 9. 

Table 7: Antibacterial activity test of bis-pyrimido[ 4,5-d]pyrimidine derivatives (9a-e) & 

(13a-e) 

Entry 

9a 

9b 

9c 

9d 

9e 

13a 

13b 

13c 

I 3d 

13e 

Gram Negative 

Bacteria. 

E. coli P. diminuta B. subtilis 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

Sign: -(Inactive);+ (active) 
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Gram Positive 

Bacteria 

S. aureus 

Fungi 

C. albicans A. niger 



Table 8: Zone of inhibitions ofbis-pyrimido(4,5-d]pyrimidine derivatives (9a-e) & (13a-

e) 

Compound ID 
Zone oflnhibition (mm) 

E. coli P. diminuta 

9a 11 10 11 11 

9b 13 12 11 11 

9c 12 11 13 13 

9d 1 I 11 12 11 

9e 11 11 13 13 

13a 11 11 13 12 

13b 12 13 13 13 

13c 11 11 11 11 

13d 12 12 10 10 

13e 13 12 11 11 

Table 9: MIC Values ofpyrimido[4,5-d]pyrimidine derivatives (9a-e) & (13a-e) 

Compound ID 
E. coli 

MIC (mg/ml) 

P. diminuta 

9a 0.5 0.25 

9b 0.125 0.25 

9c 0.25 0.25 

9d 0.25 0.25 

9e 0.25 0.25 

13a 0.25 0.5 

13b 0.125 0.25 

13c 0.25 0.5 

13d 0.25 0.25 

13e 0.125 0.25 
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Conclusion: 

Diels-Aider methodology (aza-version) has been shown to be very useful for the 

construction of fused heterocyclic systems like bis-pyrimido(4,5-d)pyrimidine derivatives 

in good to excellent yields. Two different sets of bis-pyrimido(4,5-d]pyrimidine 

derivatives were synthesised by simply changing one of the reactant (bis-imines). 

Anti-bacterial activity of bis-pyrimido[4,5-d]pyrimidine derivatives so 

synthesised were evaluated and found to possess good inhibitory activities against gram 

negative bacteria, whereas no inhibitory activity was found against gram positive 

bacteria. Bis-pyrimido[4,5-d]pyrimidine derivatives were found to be' inactive against 

fungi. 

Experimental section: 

Typical reaction procedure for the synthesis of pyrimidoJ4,5-dJpyrimidine 

derivatives (9) & (13): 

For route I in all the schemes, same procedure was followed as described in Chapter-4 

(Section-A, Page No. \44 ). 

For route 2; A mixture of 6-[(dimethylamino)methylene]l ,3-dimethylaminouracil (4) 

(209 mg, I mmol), terepthaldehyde (7, 134 mg, 1
/2 mmol) and aniline (Sa, 0.091 ml, I 

mmol) was taken in a 50 ml round bottom flask, then added ~ 15 ml toluene and allowed 

to reflux for overnight. After completion ofthe reaction the product precipitated out from 

the reaction mixture which was then washed with ethylacetate to remove any unreacted 

reactant and other byproducts. The pure product was dried at high vaccum using a pump 

and solublised in DMF, recrystallized and we got the yellow shining pure product (9a) in 

91 %yield; m.p. 360 °C. 

The same reaction procedure was followed for the rest of the substrates. 
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Physical and spectral data: 

5,6-dihydro-5-(4-(1,2,3,4,5,6-hexahydro-1,3-dimethyl-2,4-dioxo-6-phenylpyrimido

[4,5-d]pyrim id in-5-yl)phenyl)-1 ,3-di methyl-6-pheny lpyri ri1 ido[ 4,5-d] pyrim idine-2,4 

-(1H,3H)-dione (9a) 

Colour- white shining yellowish transparent crystalline solid. 

Solubility- insoluble in water, sparingly soluble in common 

organic solvents, soluble in aprotic polar solvents like DMF, 

DMSO, DMAc etc. IR (KBr) (vmaxfcm-1) 3073.78, 2941.61, 

1698.17, 1640.16, 1532.89, 1471.29; 1H NMR (400 MHz, 

DMSO-d6) oH 3.25 (s, 6H, NCH 3), 3.31 (s, 6H, NCH3), 5.99 

(d, 2H, J=l0.52 Hz, CH), 7.03-7.06 (m, 4H, arom), 7.27-

7.38 (m, 8H, arom), 7.78 (d, 2H, J=7.8 Hz, CH=N) ppm; 13C 

NMR (I 00 MHz, CDC b) Oc 28.2 (2NCH3), 29.7 (2NCH3), 58.5 & 58.7 (C-5 & C'-5) 91.1 

(C-10 & C'-10), 123.7 (arom), 123.8 (arorn), 127.1 (arom), 127.2 (arom), 130.1 (arom), 

130.2 (arom), 133.5 (arom), 140.1 (arorn), 141.9 (arom), 142.0 (arom), 148.9 (C=N, C7 

& C'-7), 152.0 & 152.1 (C=O, C-2 & C'-2), 161.1 (C=O, C-4 & C'-4) ppm. MS, mlz 615 

(M+); Anal. Calcd (%)for C34H3oNs04: C, 66.44; H, 4.92; N, 18.23. Found C, 66.43; H, 

4.96; N, 18.21. 

6-(4-chlorophenyl)-5-(4-(6-(4-chlorophenyl)-1,2,3,4,5,6-hexahydro-1,3-dimethyl-2,4-

dioxopyrimido[4,5-d]pyrimidin-5-yl)phenyl)-5,6-dihydro-1,3-dimethylpyrimido 

[4,5-d]pyrimidine-2,4(1H,3H)-dione (9b) 
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Colour- white shining yellowish transparent crystalline solid. 

Solubility- insoluble in water, common organic solvents, 

sparingly soluble in aprotic polar solvents like DMF, DMSO, 

DMAc etc. IR (KBr) (vmaxfcm- 1) 3071.98,2943.13, 1698.27, 

1641.06, 1533.19, 1471.27; 1H NMR (400 MHz, CDCI3) OH 

3.27 (s, 6H, NCH 3), 3.54 (s, 6H, NCH3), 5.96 (d, 2H, J=l 0.8 

Hz, CH), 6.98-7.00 (m, 4H, arom), 7.28-7.37 (m, 8H, arom), 

7.73 (d, 2H, J==7.8 Hz, CH=N) ppm; 13C NMR (I 00 MHz, 



CDCI3) Oc 28.7 (2NCHJ), 29.9 (2NCHJ), 58.4 & 58.6 (C-5 & C-5) 91.0 (C-10 & C'-10), 

122.9 (arom), 123.4 (arom), 126.9 (arom), 127.0 (arom), 129.7 (arom), 129.8 (arom), 

133.6 (arom), 140.1 (arom), 141.7 (arom), 142.2 (arom), 148.7 (C==N, C7 & C'-7), 152.7 

& 153.1 (C==O, C-2 & C'-2), 161.7 (C=O, C-4 & C'-4) ppm. MS, m/z 684 (M+); Anal. 

Calcd (%) for C34H23CbNs04: C, 59.74; H, 4.13; N, 16.39. Found C, 59.71; H, 4.21; N, 

16.36. 

5,6-dihydro-5-(4~(1,2,3,4,5,6-hexahydro-1,3-dimethyl-2,4-dioxo-6-p-tolylpyrimido -

[4,5-d]pyrimidin-5-yl)phenyl)-1,3-dimethyl-6-p-tolylpyrimido[4,5-d]pyrimidine-2,4 

(1H,3H)-dione (9c) 

Colour- white shining yellowish transparent crystalline solid. 

Solubility- insoluble in water, common organic solvents, 

sparingly soluble in aprotic polar solvents like DMF, DMSO, 

DMAc etc. IR (KBr) (vmaxfcrtf 1
) 3073.76, 2942.14, 1698.43, 

1641.28, 1532.73, 1471.45; 1H NMR (400 MHz, CDCI 3) 81-1 

2.06 (s, 3H, CH 3), 3.38 (s, 6H, NCH 3), 3.35 (s, 6H, NCH3), 

6.42 (d, 2H, .!==8.28 Hz, CH), 6.75 (d, 2H, .!==8.24 Hz, arom), 

7.20 (m, 2H, arom) 7.63-8.00 (m, 8H, arom), 8.07 (d, 2H, .!=7.24 Hz, CH=N) ppm; 21.6 

(CH3), 28.9 (2NCH 3), 29.3 (2NCHJ), 57.9 & 58.1 (C-5 & C'-5) 89.8 (C-10 & C'-10), 

122.7 (arom), 123.1 (arom), 126.9 (arom), 127.2 (arom), 129.6 (arom), 129.9 (arom), 

132.8 (arom), 140.3 (arom), 141.2 (arom), 142.1 (arom), 149.1 (C=N, C7 & C'-7), 152.7 

& 153.1 (C==O, C-2 & C -2), 162.5 (C=O, CA & C' -4) ppm. MS, mlz 643 (M+); Anal. 

Calcd (%) for C36H34Ns04: C, 67.28; H, 5.33; N, 17.43. Found C, 67.31; H, 5.36; N, 

17.41. 

5,6-dihydro-5-(4-(1,2,3,4,5,6-hexahydro--6-(4-methoxyphenyl)-1,3-dimethyl-2,4-dioxo 

-pyrimido[4,5-d]pyrimidin-5-yl)phenyl)--6-(4-methoxyphenyl)-1,3-dimethyl 

pyrimido(4,5-d)pyrimidine-2,4(1H,3H)-dione (9d) 

Colour- Yellow shining transparent crystalline solid. Solubility- insoluble in water, 

sparingly soluble in common organic solvents, soluble in aprotic polar solvents like 

DMF, DMSO, DMAc etc. IR (KBr) (vrnaxlcm- 1
) 3072.89, 2941.34, 1697.68, 1641.43, 
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1532.71, 1470.91; 1H NMR (400 MHz, CDC13) 8H 3.36 (s, 

6H, NCH3), 3.39 (s, 6H, NCHJ), 3.48 (s, 3H, OCH3), 6.43 

(d, 2H, J=10.2 Hz, CH), 6.77 (111, 2H, arorn), 7.21 (rn, 2H, 

arorn) 7.68-8.00 (rn, 8H, arorn), 8.10 (d, 2H, J=7.8 Hz, 

CH=N) pprn; 28.8 (2NCHJ), 29.1 (2NCHJ), 34.8 (OCHJ), 

58.0 & 58.2 (C-5 & C'-5) 89.7 (C-10 & C'-10), 123.1 

(arorn), 123.6 (arorn), 126.9 (arom), 127.1 (arom), 129.6 

(arom), 130.1 (arom), 132.8 (arorn), 140.4 (arorn), 141.3 (arom), 142.2 (arom), 149.5 

(C=N, C7 & C'-7), 152.7 & 153.1 (C=O, C-2 & C'-2), 163.2 (C=O, C-4 & C'-4) ppm. 

MS, mlz 675 (M+); Anal. Calcd (%)for C36H34N80 6: C, 64.09; H, 5.08; N, 16.61. Found 

C, 64.07; H, 5.05; N, 16.65. 

5,6-dihyd ro-5-( 4-(1 ,2,3,4,5,6-hexa hyd ro-1 ,3-di methyl-6-(3-ni tropheny 1)-2,4-d ioxo 

pyrimido [4,5-d}pyrim idin-5-yl)phenyl)-1 ,3-dimethyl-6-(3-nitrophenyl)pyri m ido [ 4,5-

d}pyrimidine-2,4(1H,3H)-dione (9e) 

Colour- Yellow shining transparent crystalline solid. 

Solubility- insoluble in water, sparingly soluble in common 

organic solvents, soluble in aprotic polar solvents like DMF, 

DMSO, DMAc etc. IR (KBr) (vmaxfcm.1) 3073.56, 2941.63, 

1698.31, 1640.17, 1532.78, 1471.41; 1H NMR (400 MHz, 

CDCI3) 8H 3.28 (s, 6H, NCHJ), 3.37 (s, 6H, NCH3), 5.86 (d, 

2H, J=9.4 Hz, CH), 7.10-7.47 (rn, 4H, arorn), 7.63-7.74 (m, 

SH, arom), 8.09 (d, 2H, J-::;7.78 Hz, CH=N) ppm; 13C NMR (1 00 MHz, CDC b) Oc 30.3 

. (2NCHJ), 309.8 (2NCH 3), 59.1 & 59.4 (C-5 & C'-5) 87.9 (C-1 0 & C-1 0), 122.7 (arorn), 

123.7 (arom), 126.9 (arom), 127.2 (arom), 129.1 (arorn), 130.0 (arorn), 132.3 (arom), 

140.1 (arom), 141.6 (arom), 142.7 (arom), 148.8 (C=N, C7 & C-7), 152.5 & 153.1 

(C=O, C-2 & C"2), 162.7 (C=O, C-4 & C-4) pprn. MS, mlz 705 (M+); Anal. Calcd (%) 

for C34H28N100s: C, 57.95; H, 4.01; N, 19.88. Found C, 57.93; H, 4.06; N, 19.87. 
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5,6-dihydro-6-(2-(1,2,3,4-tetrahydro-1,3-dimethyl-2,4-dioxo-5-phenylpyrimido[4,5- . 

d]pyrimidin-6(5H)-yl)ethyl)-1,3-dimethyl-5-phenylpyrimido[4,5-d]pyrimidine-2,4 

(1H,3H)-dione (13a) 

Colour- Yellow shining transparent crystalline solid. 

Solubility- insoluble in water, sparingly soluble in 

common organic solvents, soluble in aprotic polar 

solvents like DMF, DMSO, DMAc etc. IR (KBr) 

{V 111aJcrn" 1) 3073.78, 2972.31, 1697.13, 1643.12, 

1533.81, 1470.91; 1H NMR (400 MHz, CDCI3) bH 2.60 (s, 2H, CH2), 2.66 (s, 2H, CH2), 

3.12 (s, 3H, NCH3), 3.27 (s, 3H, NCH3), 3.30 (s, 3H, NCH3), 3.31 (s, 3H, NCH3), 5.06 (s, 

IH, CH), 5.97 (s, IH, CH), 7.05-7.31 (m, IOH, arom), 7.77 (s, H, CH=N), 7.67 (s, H, 

CH=N) ppm; 13C NMR (100 MHz, CDCI 3) be 28.3, 29.5, 31.1, 32.3, 34.1, 36.5, 89.9, 

98.1, 127.2, 130.1, 131.1, 132.5, 142.7, 149.2, 150.1, 153.1, 154.3, 162.5 ppm. MS, m/z 

567 (M+); Anal. Calcd (%)for C3oH3oNs04: C; 63.59; H, 5.34; N, 19.'78. Found C, 63.61; 

H, 5.36; N, 19.74. 

5-( 4-c hlorophenyl)-6-(2-(5-( 4-c hloro phenyl)- I ,2,3,4-tetra hyd ro-1 ,3-d i methyl-2,4-

dioxopyrimido [4,5-d] py rimidin-6(5H)-yl)ethyl)-5,6-di hyd ro-1 ,3-di methy Ipyrim ido -

[4,5-d)pyrimidine'-2,4(1H,3H)-dione (13b) 

Colour- yellow shining transparent crystalline solid. 

Solubility- insoluble in water, sparingly so-luble in 

common organic solvents, soluble in aprotic polar 

solvents like DMF, DMSO, DMAc etc. IR (KBr) 

(v111aJcm.1) 3071.45, 2972.34, 1697.13, 1642.42, 

1534.56, 1470.91; 1H NMR (400 MHz, CDCb) OH 2.89 (s, 2H, CH2), 3.05 (s, 2H, CH2), 

3.30 (s, 3H, NCH3), 3.34 (s, 3H, NCH3), 3.38 (s, 3H, NCH3), 3.43 (s, 3H, NCH3), 5.70 (s, 

I H, CH), 6.17 (s, I H, CH), 7.01-7.26 (m, 8H, arom), 7.50 (s, H, CH=N), 7.78 (s, H, 

CH=N) ppm; 13C NMR (100 MHz, CDCI3) be 28.1, 29.6, 31.0, 33.3, 39.9, 41.5, 89.9, 

98.8, 127.6, 130.3, 130.9, 143.4, 149.7, 152.0, 154.3, 157.3, 163.5 ppm. MS, m/z 636 

(M+); Anal. Calcd (%)for C3oH2sCI2N80 4: C, 56.70; H, 4.44; N, 17.63. Found C, 56.71; 

H, 4.46; N, 17.60. 
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5,6-dihydro-6-(2-(1,2,3,4-tetrahydro-5-(4-methoxyphenyl)-1,3~dimethyl-2,4-

dioxopyrimido [4,5-d] pyrimidin-6(5H)-yl)ethyl)-5-( 4-methoxyphenyl)-1 ,3-dimethyl 

pyrimido[4,5-d]pyrimidine-2,4(1H,3H)-dione (13c) 

Colour- Yellow shining transparent crystalline solid. 

Solubility- insoluble in water, sparingly soluble in 

common organic solvents, soluble in aprotic polar 

solvents like DMF, DMSO, DMAc etc. IR (KBr) 

(V 111axlcm" 1
) 3072.48, 2973.31, 1697.19, 1643.21, 

1533.78, 1471.15; 1H NMR (400 MHz, CDCI3) 8H 2.80 

(s, 2H, CH2), 3.02 (s, 2H, CH2), 3.29 (s, 3H, NCH3), 3.32 (s, 3H, NCH3), 3.34 (s, 3H, 

NCH3), 3.39 (s, 3H, NCH 3), 3.76 (s, 3H, OCH3), 5.61 (s, 1 H, CH), 5.87 (s, 1 H, CH), 

6.75-7.15 (m, 8H, arom), 7.56 (s, H, CH=N), 7.68 (s, H, CH=N) ppm; 13C NMR (100 

MHz, CDCI3) oc 28.7, 29.3, 31.8, 33.1, 34.2, 38.3, 40.8, 88.9, 97.3, 124.2, 127.8, 141.3, 

144.7, 149.5, 150.5, 151.1, 153.1, 152.9, 162.1, 163.3 ppm. MS, mlz 627 (M+); Anal. 

Calcd (%)for C32H43Ns06: C, 61.33; H, 5.47; N, 17.88. Found C, 61.31; H, 5.49; N, 

17.81. 

5,6-dihyd ro-6-(2 -(1 ,2,3,4-tetra hydro~ 1 ,3-di methy J-5-( 4-ni troph eny 1)-2 ,4-dioxo 

pyrimido(4,5-d}pyrimidin-6(5H)-yl)ethyl)-1,3-dimethyl-5-(4-nitrophenyl)pyrimido 

(4,5-d]pyrimidine-2,4(1H,3H)-dione (13d) 

Colour- brown shining yellowish transparent 

No, &:' crystalline solid. Solubility- insoluble in water, 

I £-
0 sparingly soluble in common organic solvents, soluble 

Me-N N~N N_....Me 

0
).___ N ~N I NJ,o in aprotic polar solvents like DMF, DMSO, DMAc etc. 

~ I 
Me Me lR (KBr) (v 1113)Cm.1

) 3073.78, 2971.71, 1696.61, 

1643.12, 1534.13, 1471.11; 'H NMR (400 MHz, CDCb) 01-12.92 (s, 2H, CH2), 3.04 (s, 

2H, CH2), 3.26 (s, 3H, NCH3), 3.33 (s, 3H, NCH 3), 3.37 (s, 3H, NCH3), 3.45 (s, 3H, 

NCH3), 5.83 (s, 1 H, CH), 6.38 (s, 1 H, CH), 7.15-7.24 (m, 8H, arom), 8.05 (s, H, CH=N), 

8.07 (s, H, CH=N) ppm; 13C NMR (100 MHz, CDCI3) Oc 28.5, 29.2, 31.7, 34.5, 38.0, 

40.5, 88.8, 98.4, 123.5, 127.5, 146.0, 149.9, 151.2, 151.4, 153.2, 153.8, 161.1, 162.2, 
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165.4 ppm. MS, mlz 657 (M+); Anal. Calcd (%)for C3oH28N100s: C, 54.88; H, 4.30; N, 

2 I .33. Found C, 54.89; H, 4.36; N, 2 I .3 I. 

5,6-dihyd ro-6-(2-(1 ,2,3,4-tetra hyd ro-1 ,3-di methyl-5-(3-n i tropheny 1)-2,4-dioxo 

py ri mido [4,5-d] py rim id i n-6(5H)-yl)ethyl)-1 ,3-di methyl-5-(3-ni trophenyl)pyrimido 

[4,5-d)pyrimidine-2,4(1H,3H)-dione (13e) 

Colour- brown shining transparent crystalline solid. 

Solubility- insoluble in water, sparingly soluble in 

common organic solvents, soluble in aprotic polar 

solvents like DMF, DMSO, DMAc etc. IR (KBr) 

(vmaxlcm" 1
) 3073.78, 2971.71, 1696.61, 1643.12, 1534.13, 

1471.11; 1H NMR (400 MHz, CDCb) OH 2.65 (s, 2H, CH2), 2.73 (s, 2H, CH2), 3.22 (s, 

3H, NCH3), 3.25 (s, 3H, NCH3), 3.29 (s, 3H, NCH 3), 3.49 (s, 3H, NCH3), 5.25 (s, 1 H, 

CH), 5.71 (s, lH, CH), 7.35-7.99 (m, 8H, arom), 8.17 (s, H, CH=N) ppm; 13C NMR (100 

MHz, CDCI3) De 28.3, 29.5, 3 I .2, 33.6, 38.0, 40.1, 88.9, 97.6, 123.9, 127.6, 146.1, 148.9, 

151.1, 151.3, I 54.1, 157.8, 161.4, 162.3 ppm. MS, rnlz 657 (M+); Anal. Calcd (%) for 

C3oH28N 100s: C, 54.88; H, 4.30; N, 2 I .33. Found C, 54.89; H, 4.36; N, 2 I .31. 
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CHAPTERS 



Organic chemistry is one of the most rapidly ever developing areas of chemistry. 

Everday, useful and superior new reagents, chiral and achiral catalysts, reaction 

conditions and reactions are reported in the chemical literature. Generally, most basic 

reactions of organic chemistry are the transfonnations of one functional group to another. 

These are mainly reduction, oxidation, elimination, substitutation, rearrangement, 

dehydration etc. Great practitioners in this area still devote their research efforts for 

development of new selective highly efficient and selective procedures such that the 

procedure should be generally used for the wide range of organic structures and wide 

variety of conditions, yield of product should be high, preparation should be relatively 

uncomplicated and should be able to be carried out in most of the laboratories, the 

laboratory operations should be safe and tree from danger of explosion, environment 

friendly and high optical yields should be possible in chiral systems. 

The concepts of atom economy, selective. (both stereo- and regio-) 

transformations and catalytic processes have become primary requirements for the 

development of synthetic organic chemistry to be one ofthe leading scientific disciplines. 

During the last fifteen years, synthetic organic chemistry has seen enormous growth, not 

only in terms of development of new methodologies in organic transfonnations by 

performing the reactions under microwave irradiation (MWI), using green solvents like 

water, ionic liquids, polyethylene glycol, grinding process etc. but also in terms of new 

reagents, catalysts, strategies, transformations and technologies often involving the 

concepts of atom economy and selectivity. 

Literature data for more than 2 million organic chemical reactions show that 

approximately 70% of them have been carried out below I 00 °C and that the majority of 

reaction times are 1-4 h. 1 Traditional methods for organic synthesis mostly involve glass 

reaction vessels operated at atmospheric pressure or below. Routine use of such 

equipment for the past one and a half centuries accounts for the bias toward modest 

temperatures and lengthy times for reactions. 

If reactions can be performed at significantly higher temperatures than nonnal, 

considerable savings in time' and energy can be .realized. With traditional laboratory 

glassware, however, when a temperature in the order of 200 oc is desired, high boiling 

solvents are employed. This limits the choice of solvents and subsequent removal and 

169 I Page 



recycling can create problems. Continuous and batch microwave reactors enable the use 

of low-boiling solvents under pressurized conditions to speed up reactions and facilitate 

product isolation. With these systems, processes that are notoriously sluggish by 

traditional methods have been performed faster and in higher yield. Elevated 

temperatures also can be an attractive alternative to the use of aggressive reagents at 

lower temperatures. Some reactions proceed in the presence of less amount of catalyst, 

with a milder catalyst or without the use of a catalyst. These and other advances in 

hardware for synthesis have revolutionised approaches in organic chemistry over the past 

few years. 

Some selected recent state-of-art in organic synthesis is mentioned below: 

I. Supported catalysts and reagents 

2. Ionic liquids-new solution for transition metal catalysis 

3. Biotransformations 

4. Solvent tree organic synthesis 

5. Multi component reactions 

6. Supercritical tl uid 

7. Nano catalysis 

In this chapter, we have described the development of some synthetic methods by 

performing the reaction under microwave irradiation (MWI) and using ionic liquid as a 

green solvent. It is subdivided into two Sections- A & B; Section-A describes "A green 

development of Bernthsen 9-substituted acridine synthesis in the absence of solvent 

catalyzed by p-toluenesulphonic acid (p-TSA)" and in Section-B, author describes 

"Environment-friendly and solventfree synthesis of symmetrical bis-imines under 

microwave Irradiation". 
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Section A 

A green development of Bernthsen 9-substituted acridine synthesis in· 

the absence of solvent catalyzed by p-toluenesulphonic acid (p-TSA) 

Introduction: 

Acridines represent an important class of nitrogen heterocycles2 having several 

significant properties such as pigment and dye properties,3 photochemical I physical 

properties,4 electrochemical properties,5 potent antimalarial activity,6 anticancer activity,7 

antifungal activity,8 etc. Natural and synthetic acridines and their derivatives are effective 

DNA and RNA-binding compounds9 owing to their intercalation abilities as well as beii1g 

a lipophilic carrier molecule. It is the acridine chromophore that renders to the molecules 

a planar structure allowing them to bind DNA by stacking between base pairs. Recently, 

structure-activity relationship of acridine analogs as hairpin and DYRK2 kinase inhibitors 

has been studied. 10 

In one of our ongoing synthetic programs on bioactive molecules and organic 

synthesis involving microwave energy, which provides greener reaction condition 

coupled with increased yield and time economy, we came across Bemthsen reaction. 

Owing to the bioactivity of acridines, we becm:ue interested therein. Use of microwave 

energy for the enhancement of organic reactions, i.e. microwave organic reactions 

enhancement (MORE) is well known. 11 That is why, we decided to explore the same in 

our ongoing program on bioactive molecules. 

Acridine family members can be prepared by classical Bemthsen reaction by 

coupling a carboxylic acid (aromatic or aliphatic) and diphenylamine (DPA) in the 

presence of zinc chloride (Scheme 1) at a temperature of 200-210 oc for about 20 h. 12 

The conditions for this reaction tend to be quite vigorous coupled with very low yield. In 

addition, more than stoichiometric amounts of ZnCI2 is required [I :5:1 (DPA: ZnCI2: 
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carboxylic acid)]. In 1962, Popp reported a modified Bernthsen reaction procedure by 

replacing the Lewis acid ZnCI 2 with polyphosphoric acid (PPA), 13 which was more 

convenient in regard to reaction times despite the poorer yields. Toma et a/
14 

and Seijas et 

a/ 15 have reported an improved synthesis of acridine derivatives assisted by microwave 

and catalyzed by ZnCI 2. But, as compared to synthetic methodologies for other classes of 

compounds, this reaction has not been explored adequately as evidenced by reports of 

only two catalysts (ZnCI 2 and PPA) are being employed. 

+ R-COOH 

(Aliphatic or 
aromatic acids) 

200-270°C 
20 hrs 

Scheme 1: Classical Bernthsen reaction for the synthesis ofacridine 

But none of these procedures were satisfactory in terms of yield and time 

economy. In this regard, hence, there is still need for looking at this reaction in order to 

have improved reaction conditions/superior catalysts so that better yields could be 

achieved. At the same time, we should not forget the cost, environment, etc. Accordingly, 

our main aim of this present investigation is to find alternative conditions/catalysts for 

Bemthsen reaction with the following objectives: (a) to search for milder reaction 

condition, (b) to reduce the reaction time, (c) to increase the yield, (d) to promote 

economical and environmentally friendly experimental procedures (green chemistry) by 

performing the reaction under microwave and solventless condition, and (e) to use cost 

effective, easily available, mild, water tolerant, and economical catalysts alternative to 

ZnCI 2 and polyphosphoric acid. 

In an effort to amend the situation above, in this communication, we report a 

simple and general solventless reaction for the synthesis of 9-substituted acridines, by a 

modification of classical Bernthsen reaction (Scheme 2), using p-TSA (p-
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toluenesulphonit acid) as the catalyst under MWI. This paves the way for an 

environmentally benign condition without compromising viability and speed. Our method 

is equally applicable to both aliphatic and aromatic carboxylic acids, thereby providing 

more generality and flexibility. 

An inspection of the I iteratures revealed that in Bemthsen reaction using ZnCI2 

and PPA, the stoichiometry used for DPA and carboxylic acid was not I: I. The acid was 

taken always in excess. The catalyst used was also in stoichiometric amount or higher. In 

our green chemistry approach, we searched for the conditions where the substrates would 

be used in stoichiometric ratios and the catalyst used would be in minimum amount, e.g. 

(I 0 mol% or lower than that). 

MW 
R-COOH 

Catalysts NN~ 
~ 

R 
1 

R= -C6Hs, p-CIC6H4, o-CIC6H4, p-N02C6H4,p-NH2C6H4, p-OHC6H4, 

-(CH2)4-COOH, -(CH2)2-COOH, -CH2-COOH, o-C6H4COOH 

Catalysts= p-TSA, Basic alumina, CAN, Zirconium oxychloride octahydrate, 

Potassium dichromate, Anhydrous aluminium chloride 

Scheme 2: Our development for the synthesis of 9-substituted acridine (I) 

Materials and Methods: 

Melting points were determined on a BUchi 504 apparatus and are uncorrected. IR spectra 

were recorded in KBr pallets on a Nicolet (Impact 410) FT-IR spectrophotometer. 1H and 

13C NMR spectra were recorded on a Varian Mercury Plus 400 MHz NMR 

spectrophotometer using tetramethylsilane (TMS) as internal standard. Coupling 

constants are expressed in hertz. Microwave synthesis system used was (model CAT-2R) 

from Catalyst™ systems (Fig. 1). The progress of the reaction was monitored by thin 
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layer chromatography (TLC) run on silica gel G (Merck). All the chemicals were used as 

received. Elemental analyses were done in a Perkin Elmer CHN analyzer (2400 series II) . 

Fig. 1: Microwave synthesis system, model CAT -2R from Catalyst™ systems 

Results and Discussion: 

Other than p-TSA, we studied the effects of several compounds as catalyst, e.g. basic 

Ah03, cerric ammonium nitrate (CAN), ZrOCh·8H20 , K2Cr201, anhydrous AICb in 

Bemthsen reaction (reaction ofDPA and benzoic acid was chosen as the model reaction) 

under thermal as well as MWl in the absence of solvent. However, the best results in 

terms of yie Ids and reaction time were obtained with p-TSA (Table 1) under M WI . 

CAN and basic alumina also afforded the products but yields were poorer. In 

order to demonstrate the scope of this reaction, differently substituted benzoic acids, 

aliphatic mono/dicarboxylic acids were taken up for the systematic study which is 

depicted in Table 2. However, in the conditions we explored, it was found that in the 

ratio of 1:1 (DPA and carboxylic acid), only entries (la) and (lk) (Table 2) worked well; 

in all other cases the yields were not satisfactory. Too many products were observed in 

TLC and also we faced difficulty in separation by column chromatography. The best 

results were obtained when we used the acids in two folds with respect to DPA. To our 

delight, we were successful in reducing the amount of catalyst from stoichiometric ratios 
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to I 0 mol%, a significant outcome in companson to the classical methods. Aromatic 

anhydride also responded and showed reactivity under this condition (entry 1 k, Table 2). 

p-Nitro (entry lk, Table 2) andp-Amino benzoic acids (entry 1e, Table 2) also afforded 

acridine under the reaction condition. Overheating and increasing the reaction time· did 

not increase the reaction yield; rather some polymeric products were obtained. 

Table 1: Screening of catalysts for the synthesis of9-(phenyl)acridine (1a, R=Ph) via 

Scheme 2 

Entry Catalysts Under MWI Thermal heating 

Power/ Yield Reaction Yield 

Reaction time (min) (%ia.bj time (h) (%ia.b] 

p-Toluenesulfonic Acid 450/4 80 12 75 

2 Ceric Ammonium Nitrate 600/12 -31 20 -30 

3 Basic alumina 600/12 -25 20 -27 

4 Zirconium oxychloride 600/12 20 

octahydrate 

5 Potassium dichromate 600/12 20 

6 Anhydrous aluminium 600/12 20 

ch Iori de 

[a] Isolated yield; [ b] All the products were characterised by IR. 1H NMR and 13C NMR spectroscopy and 
Mass spectrometry, elemental analysis and m.p. 

We also studied the effect of ionic liquid in the synthesis of 9-(phenyl)acridine 

(1a) and for that 1-Pentyl-3-methylimidazolium bromide[pmlm]Br (Fig. 2) was used as 

an ionic liquid. We observed that at room temp. with constant stirring, we got very low 

yields but when we heated at -130 °C for 7 h we got the product in 75% yield. We 

extended the reaction to other acids also. But, all these reactions required very long time 
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at higher temp. and the yields were also not improved, hence we did not study the 

reaction in detail. 

Table 2:p-TSA catalysed synthesis ofacridine derivatives (1) via Scheme 2 

Entry Acid/ Stoichiometry Under MW! Thennal heating 

Acid Anhydride (DPA: Acid Power/Reaction Yield Reaction Yield 

moiety) time (min) (o/oia,b] time (h) (%ia,b] 

a R=-C6Hs I :I 450/4 80 12 75 

b R=p-CIC6H4 I :2 600/2 84 10 73 

c R=o-CIC6H4 I :2 600/2.5 82 10 73 

d R=p-N02C6H4 I :2 60017 74 15 42 

e R=p-NH2C6H4 I :2 600/9 66 15 38 

f R=p-OHC6H4 I :2 450/3 49 12 20 

g R=o-C6H4COOH I :2 450/3.5 84 10 64 

h R=-CH2COOH I :2 600/3 48 10 31 

R=-(CH2)2COOH I :2 600/3 78 10 67 

J R=-(CH2)4COOH I :2 300/2.5 88 10 71 

k C6H4(C0)20 1:1 450/3 79 10 67 

[a] Isolated yield; [b] All the products were characterised by IR, H NMR, CNMR 
spectroscopy and Mass spectrometry, e Iemen tal analysis and m.p. 

Fig. 2: The ionic liquid, 1-pentyl-3-methylimidazolium bromide, [pmlm]Br 

Conclusion: 

In conclusion, Bernthsen acridine synthesis is achieved in a simple, clean, fast, and 

solventless reaction catalyzed by p-TSA utilising non traditional MORE technique. Good 
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time economy and better yields of the products as compared to conventional Bemthsen 

reaction was observed. The reaction is equally applicable to aromatic as well as aliphatic 

acids (mono- and di-). Considering the environmental issues that require the substitution 

of toxic catalysts by more friendly catalysts, our methodology is consistent with green 

chemistry philosophy. 16 Moreover,p-TSA is easily available and can be easily removed 

from the reaction mixture being water-soluble. This is a good development over existing 

methods. 

Experimenta 1: 

General procedure for the synthesis of9-substituted acridines (1) under MWI: 

A mixture of N,N-DPA (169 mg, 1 mmol), benzoic acid (122 mg, 1 mmol), and pure p

TSA (19 mg, 10 mol%) was irradiated in a microwave oven (450 W) for 5 mins. The 

reaction was monitored by TLC. The crude product was extracted with chloroform 

(20mlx2) and washed with 10% NaOH followed by distilled water. The organic layer 

was dried over Na2S04, evaporated and the residue was subjected to column 

chromatography to give 9-phenylacridine (la) (244.80 mg, 80% yield). The pure 

I I' products were characterized by 1R, H-NMR, JC-NMR spectroscopy, mass 

spectrometry, elemental analysis and m.p. 

General procedure for the synthesis of 9- substituted acridines (la) using ionic 

liquid: 

A mixture of N,N-DPA (169 mg, I mmol), benzoic acid (122 mg, I mmol) and ionic 

liquid (IL) [pmlm]Br (231 mg, I mmol) was subjected to thermal heating (~130 °C) for 7 

h with constant stirring. The reaction was monitored by TLC. The crude product was 

extracted with diethyl ether (10xJOml). Diethyl ether was evaporated in a rotary 

evaporator and the residue was subjected to column chromatography to give 9-

phenylacridine (la) (191.25 mg, 75% yield). The pure product was characterized by 1R, 

1H and 
13

C-NMR spectroscopy, mass spectrometry, elemental analysis and m.p. 
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Physical and spectral data: 

9-(phenyl)acridine (la) 

Yield 75%. m.p. 183-185 °C. IR (KBr) (V 111a)cm· 1) 1652.64 

(C=N); 1H NMR (400 MHz, CDCb) OH 7.42-7.46 (m, 4H, C-2 

& C7 & Ar-H), 7.59-7.61 (m, 3H, Ar-H), 7.71 (d, 2H,.J=4.4 Hz, 

Ar-H), 7.76-7.80 (m, 2H, Ar-H), 8.28 (d, 2H, .!=4.4 Hz, Ar-H) 

ppm; 13C NMR (100 MHz, CDCIJ) 8c 125.2, 125.6, 126.9, 128.4, 

128.5, 129.7, 130.0, 130.5, 135.9, 147.1, 148.7 ppm. MS, mlz 255 (M+); Anal. Calcd (%) 

for C19H 13N: C, 89.38; H, 5.13; N, 5.49. Found: C. 89.37; H, 5.16; N, 5.51. 

9-(4-chlorophenyl)acridine (1 b) 

Cl 

Yield 73%. m.p. 245-248 °C. IR (KBr) (v 111a)cm· 1) 1650.41 

(C=N); 1H NMR (400 MHz, COCI3) oH 7.13 (d, 2H, .!=3.25 Hz, 

Ar-H), 7.17 (t, 2H, .!=3.05 Hz, Ar-H), 7.26 (d, 2H, .!=3.28 Hz, 

Ar-H), 7.40-8.06 (m, 6H, Ar-H) ppm; 13C NMR (100 MHz, 

CDCI3)oc 125.5, 126.2, 126.5, 127.4, 128.5, 129.6, 130.0, 133.4, 

135.2, 142.6, 168.4 ppm. MS, m/z 289 (M\ Anal. Calcd (%)for 

C19H12CIN: C, 78.76; H, 4.17; N, 4.83. Found: C, 78.77; H, 4.15; N, 4.86. 

9-(2-chlorophenyl)acridine (lc) 

Yield 73%. m.p. 269-271 °C. IR (K.Br) (v 111a)cm· 1) 1651.01 

(C=N); 1H NMR (400 MHz, CDC1 3) OH 7.33-7.42 (m, 4H, Ar

H), 7.59-7.63 (m, 4H, Ar-H), 7.77-8.17 (m, 4H, Ar-H) ppm; 13C 

NMR (100 MHz, CDCIJ) oc 125.3, 126.3, 126.5, 127.2, 128.7, 

129.8, 130.3, 132.2, 135.1, 144.1,160.3 ppm.MS,m/z289(M+). 

Anal. Calcd (%)for C 19H 12CIN: C, 78.76; H, 4.17; N, 4.83. Found: C, 78.77; H, 4.20; N, 

4.84. 
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9-(4-nitrophenyl)acridine (ld) 

Yield 42%. m.p. 258"260 °C. ·IR (KBr) (v 111a)cm.1) 1646.91 

(C=N), 1523 (-N02); 1H NMR (400 MHz, CDCI3) b1-1 7.46 (t, 

2H, J=3.09 Hz, Ar-H), 7.61-7.64 (m, 6i-l, Ar-H), 8.16 (d, 2H, 

J=3.17 Hz, Ar-H), 8.21 (d, 2H, J=3.17 Hz, Ar-H) ppm; 13C 

NMR (100 MHz, CDCI3) be 124.7, 125.1, 126.4, 128.1, 128.5, 

129.7, 130.1, 135.8, 139.4, 146.9, 162.6 ppm. MS, m/z 300 

(M+). Anal. Calcd (%)for C 19H 12N202: C, 75.99; H, 4.03; N, 9.33. Found: C, 75.98; H, 

4.01; N, 9.36. 

9-(4-aminophenyl)acridine (le) 

Yield 38%. m.p. 270-272 °C. IR (KBr) (v111a)cm. 1) 3334 (-NH2), 

1650.46 (C=N); 1H NMR (400 MHz, CDCI3) b1-1 4.07 (br, s, 2H, 

NH2), 7.26 (t, 2H, J=3.18 Hz, Ar-H), 7.61-7.64 (m, 6H, Ar-H), 

8.14 (d, 2H, J=3.17 Hz, Ar-H), 8.23 (d, 2H, J=3.17 Hz, Ar-H) 

ppm; 13C NMR (100 MHz, CDCh) be 124.9, 125.4, 126.7, 128.2, 

128.6, 129.9, 130.2, 135.8, 137.7, 14 7.1, 148.5 ppm. MS, mlz 270 

(M'} Anal. Calcd (%) for C 19H 14N2: C, 84.42; H, 5.22; N, I 0.36. Found: C, 84.47; H, 

5.31; N, I 0.38. 

9-(4-hydroxyphenyl)acridine (1 f) 

OH 

Yield 20%. m.p. >300 °C. IR (KBr) (v111a)crn. 1) 3632 (-OH), 

1650.46 (C=N); 1H NMR (400 MHz, CDCI3) b1-1 7.05-7.35 (m, 

6H, Ar-H), 7.56-7.97 (m, 6H, Ar-H), 8.68 (br, s, 1H, -OH) ppm; 

13C NMR (I 00 MHz, CDC1 3) be 124.9, 125.4, 126.7, 128.2, 

128.6, 129.9, 130.2, 135.8, 137.7, 147.1, 148.5 ppm. MS, mlz 

271 (M+). Anal. Calcd (%) for C 19H 13NO: C, 84.11; H, 4.83; N, 

5.16. Found: C, 84.1 0; H, 4.85; N, 5.17. 
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2-(acridin-9-yl)benzoic acid (1g & 1 k) 

Yield 64%. m.p. 265-266 oe. IR (KBr) (v111a,/cm· 1) 3456 (OH), 

1737.41 (e=O), 1652.64 (e=N); 1H NMR (400 MHz, eoe13) 

bH 7.55 (t, 2H, J=3.01 Hz, ArH), 7.70 (t, 2H, J=3.0 I Hz, ArH), 

8.14-8.28 (m, 4H, ArH) ppm; De NMR (100 MHz, eOeb) be 

119.3, 125.9, 126.8, 127.4, 128.1, 128.3, 128.7, 132.8, 138.1, 

141.3, 147.9, 191.9 ppm. MS, m/z 299 (M+). Anal. ealcd (%)for e2oH 13N02: e, 80 .. 25; 

H, 4.38; N, 4.68. Found: e, 80.21; H, 4.34;_N, 4.65. 

2-(acridin-9-yl)acetic acid (1 h) 

Yield 31%. m.p. Decamp. IR (KBr) (v111axlcm· 1) 3446 (OH), 

1731.83 (e=O), 1637.76 (e=N); 1H NMR (400 MHz, eoe!)) bH 

2.85 (s, 2H, eH2), 7.51 (t, 2H, J=2.98 Hz, ArH), 7.67 (t, 2H, 

J=2.99 Hz, ArH), 8.10-8.23 (m, 4H, ArH) ppm; 13e NMR (100 

MHz, eoel3) be 54.0, 124.3, 125.5, 127.5, 128.5, 129.3, 135.4, 147.5, 200.3 ppm. MS, 

m/z 237 (M+); Anal. ealcd (%)for e15HIIN02: e, 75.94; H, 4.67; N, 5.90. Found: e, 

75.96; H, 4.68; N, 5.87. 

· 3-(acridin-9-yl)propanoic acid (1i) 

COOH 

Yield 67%. m.p. 305-3078 °C. IR (KBr) (vma)cm- 1) 3440 (OH), 

1732.96 (e=O), 1638.91 (e=N); 1H NMR (400 MHz, eoel3)bH 

2.50 (t, 2H, J=3.01 Hz, eH2), 2.71 (t, 2H, J=3.02 Hz, 

eH2eOOH), 7.54 (t, 2H, J=2.93 Hz, ArH), 7.66 (t, 2H, J=2.93 

Hz, ArH), 8.00-8.17 (m, 4H, ArH) ppm; De NMR (100 MHz, 

eoel3) Cie 27.0, 35.6, 124.9, 125.8, 127.6, 128.8, 129.3, 135.3, 147.1, 200.7 ppm. MS, 

m/z251 (M+). Anal. ealcd (%) for e 16H DN02: e, 76.48; H, 5.21; N, 5.57. Found: e, 

76.43; H, 5.23; N, 5.61. 
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5-(acridin-9-yl)penta noic acid (lj) 

COOH 

Yield 71%. m.p. 265-69 °C. IR (KBr) (v,;,3,/cm-1) 3442 (OH), 

1731.61 (C=O), 1637.13 (C=N); 1H NMR (400 MHz, CDCI3) 8H 

1.24-1.20 (m, 4H, 2CH 2), I .98 (t, 2H, .J=2.99 Hz, CH2COOH), 

2.11 (t, 2H, .J=2.97 Hz, ArCH2), 7.58 (t, 2H, .]=2.97 Hz, ArH), 

7.69 (t, 2H, .J=2.96 Hz, ArH), 8.05-8.07 (m, 4H, ArH) ppm; 13C 

NMR (100 MHz, CDCI3) Oc 22.8, 27.0, 35.6, 54.0, 124.9, 125.8, 

127.4, 128.6, 129.5, 135.3, 147.1, 200.3 ppm. ·MS, m/z 279 (M+). Anal. Calcd (%)for 

C19H21N02: C, 77.40; H, 6.13; N, 5.0. Found: C, 77.45; H, 6.12; N, 4.99. 
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Section B 

Environment-friendly and solventfree synthesis of symmetrical bis

imines under microwave irradiation 

Introduction: 

lmines are valuable functional groups or chemical compounds containing a carbon 

nitrogen double (C=N) bond. Condensation reaction of aldehydes and primary amines 

resulting imines, commonly called Schiff bases (first discovered by Schiff in 1864) or 

azomethines are well known in organic synthesis. In inorganic chemistry, these versatile 

Schiff bases are used as chelate for metal ion complexation. 17 Some of these metal 

complexes are used as catalysts in various organic reactions. 18 Biologically, imines show 

anti-convulsant, antidepressant, analgesic, anti-inflammatory, antiplatelet, antimalarial, 

antimicrobial, antibacterial, and antiviral activity. 19 Similar to imines, bis-imines (bis

Schiff bases) also finds uses as analytical, medicinal, polymer and liquid crystalline 

materials,20 because of their model character. Most of the biologically active nitrogen 

containing heterocyclic compounds and biologically active inorganic metal complexes 

are synthesized using bis-imines as starting materials and as synthetic intennediates? 1 

The C=N bond in imines often suffer exchange reaction 22 as well as hydrolysis. 

However, such reversible C=N bond fonnation 23 is sometimes very useful to synthesize 

the most thermodynamically stable macrocyclic24 and interlocked compounds.25 Also, 

there are literatures available on the heterocyclic substituted bis-imines and some ofthe 

fused bis-ilnines showing interesting bio-activity,26 e.g. bis-imines of isatin and their 

derivatives are known to possess a wide spectrum of pharmacological properties 

including antibacterial, antifungal, anti-HIV and antiviral activity. 27 

Different types of bis-imines were required in one of our proposed programmes. 

The conventional synthesis of such compounds involves longer reaction time using 

volatile organic solvents followed by extensive separation and/or purification.28 As a part 

of our green chemistry programme and practice,29 in embracing the principles of green 

chemistry,30 herein we want to divulge a simple and general approach for the synthesis of 
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bis-imines, by a modification of classical methods using 5 mol% p-Toluenesulphonic 

acid (TSA) as a cheap catalyst (also being water soluble, can be easily removed from the 

reaction mixture) under microwave irradiation (MWI) without using any solvent 

(Scheme 1), thereby paving the way for an environmentally benign condition. 

+ R-CHO 

NH2 

2 (EDA) 

3 (p-PDA) 4 

7 8 

NH2 

~=c::: 
NH2 · 

EDA 

MWI 

J ~ ~. 

I I I 
~ ~ ~ 

p-TSA ( 5 mol%) 

p-TSA ( 5 mol%) 

NH2 

.¢ & 

NH2 

p-PDA 

N=CH-R 

N=CH-R 

5&6 

HC=N-R 

HC=N-R 

9 

Scheme 3: General reaction scheme for the synthesis ofbis-imines (5), (6) and (9) 

Use of microwave energy for the enhancement of organic reactions, i.e. MORE 

(Microwave Organic Reactions Enhancement) provides greener reaction condition 

coupled with clean product, increase yield and better time economy.31 The present 

investigation is aimed at looking alternative conditions for the synthesis of bis-imines 

with the following objectives:- (a) search for milder reaction condition (b) to reduce the 

reaction time (c) to increase the yield (d) to promote economical and environmental 

friendly experimental (green procedures) by performing the reaction under microwave 

and solvent less condition (e) to use cost-effective, mild and economical catalysts. 

183 I Page 



Materials and Methods: 

Melting points were determined in open capillal)' tubes on a Bi.ichi 504 apparatus and are 

uncorrected. IR spectra were recorded in KBr pallets on a Nicolet (Impact 410) FT-IR 

I I' spectrophotometer. H NMR & JC NMR spectra were recorded on a JNM ECS 400 

MHz NMR spectrophotometer (JEOL) using Tetramethylsilane (TMS) as the internal 

standard. Microwave synthesis system used was (model CAT -2R) from Catalyst™ 

systems. The reactions were monitored by thin layer chromatography using aluminium 

sheets with silica gel 60F 25 4 (Merck). All the chemicals used as received. 

Results and Discussion: 

An inspection of the literatures revealed that synthesis ofbis-imine was accomplished by 

using a mixture of aldehyde derivatives and al)'l/alkyl diamine (or amine derivatives and 

aryl/alkyl dialdehyde) in the presence of anhydrous MgS04 in dry diC'hloromethane at 

room temperature for about IS hours 32 or refluxing the reactants in ethanolic solution 33 

and toxic solvent like benzene.34 In recent years, environmentally benign synthetic 

methods have received a considerable attention and some solvent-free protocols have 

been developed. Vanna et al reported clay catalyzed synthesis of monoimines and 

enamines under solvent-free conditions using microwave irradiation.35 The condensation 

reaction of aldehyde and amines in water suspension medium was also possible as shown 

by Tanaka et a/. 36 Ancker et aP1 reported synthesis of bis-imines by (i) a solvent-free 

method, grinding and (ii) using PEG (polyethylene glycol) as a benign reaction medium. 

However, the reported procedures have some drawbacks in terms of yield, reaction time, 

wide spectrum of generality, harsh reaction condition, use of costly and environmentally 

harmful catalysts etc. In this regard, hence, there is still a demand for developments by 

looking at alternative methodologies. In our green chemistry approach, we wanted to 

search for the conditions where the substrates would be used in stoichiometric ratios and 

the catalyst used would be in minimum amount. We studied the effects of p-TSA, under 

thermal as well as MWI in the absence of solvent to optimise the reaction between 
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ethylene diamine (EDA) and benzaldehyde. Under MWI, within few mm we got the 

products with excellent to very good yields as compared to several hours under thermal 

heating condition, so we continued our generalization under MWI and those results have 

been discussed here. 

2 4 

p-TSA (5 mol%) 

MWI 

c=~-R 
N=C-R 

H 
5 

Scheme 4: Synthesis ofbis-imines (5) from EDA (2) and aldehyde derivatives (4) 

In order to extend the scope, generality and to have a short library of bis-imines 

we varied both the amine and aldehyde part. Synthesis of bis-imines (5) from EDA (2) 

and aldehyde derivatives (4) (Scheme 4) has been elaborated in Table 4 (entries a-m). 

Good to excellent yields (61-99%) of the products were obtained. As compared to 

aromatic ones (entries a-j, Table 4), aliphatic aldehydes provided somewhat lower yields 

(61-63%) ofthe products (entries j-m, Table 4). Table 5 (entries a-m) summarises the 

results of the reaction between p-phenylenediamine (p-PDA) (3) and aldehyde derivatives 

(4) (Scheme 5) providing 69-99% yield of the products. Similar to Scheme 3, here also 

aliphatic aldehydes (entries j-m, Table 5) provided somewhat lower yields (69-72%) as 

compared to aromatic ones. 

H 

AC-R 

~H 
N-C-R 

p-TSA (5 mol%) 
RCHO MWI 

4 6 

Scheme 5: Synthesis ofbis-imines (6) from p-PDA (3) and aldehyde derivatives ( 4) 

185 I Page 



Table 4: Synthesis of bis-imines (5) from EDA (2) and aldehyde derivatives ( 4) 

Entry R MW power (watt)/ time (min) Yield (%t1 

a Ph 600/10 75 

b Ph-CH=CH- 600/13 99 

c p-0Me-C6H4 600/8 98 

d p-Cl-C6H4 60017 99 

e o-Cl-C6H4 60017 98 

f p-OH-C6H4 600/3 95 

g o-OH-C6H4 60012 99 

h p-Me-C6H4 60016 98' 

p-NOrC6H4 60019 83 

J m-N02-C6H4 600/2 98 

k Me 600/10 61 

Me-(CH2)2- 600110 63 

m Me-(CH2)3- 600/9.5 63 

[a] Isolated yield 

Table 5: Synthesis ofbis-imines (6) from p-PDA (3) and aldehyde derivatives ( 4) 

Entry R MW power (watt)/ time (min) Yiel~ (%f1 

a Ph 450/5 80 

b Ph-CH:=CH 450/2.5 99 

c p-0Me-C6H4 450/3 96 

d p-CJ-C6H4 450/3 99 

e o-Cl-C6H4 450/3 98 

f p-OH~C6H4 450/3 92 

g o-OH-C6H4 450/3 93 

h p-Me-C6H4 450/6 98 

p-NOrC6H4 45017 87 

J m-NOrC6H4 450/3 98 

k Me 600/10 69 

I Me-(CH2h 600110 69 

m Me-(CH2)3 600110 72 

[a] Isolated yield 
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We also checked the reaction of terephthaldehyde (7) with amine derivatives (8) 

to provide bis-imines (9) (Scheme 6) in 71-92% yields .. Summary of the synthesis of (9) 

has been described in Table 6 (entries a-k). 

CHO HC=N-R 

¢+ p-TSA (5 mol%) ¢ R-NH2 MWI 

CHO HC=N-R 

7 8 9 

Scheme 6: Synthesis of bis-imines (9) from terephthaldehyde (7) and amine derivatives 

(8) 

Table 6: Synthesis of bis-imines (9) from terephthaldehyde (7) and amine derivatives (8) 

Entry R MW power (watt)/ time (min) Yield (o/o)lal 

a Ph 450/9 85 

b p-CI-C6H4 450/7 90 

c o-Cl-C6H4 450/6.5 91 

d m-CI-C6H4 450/9 89 

e p-N02-C6H4 450/8 78 

f m-N02-C6H4 450/5 88 

g p-Me-C6H4 450/7 93 

h o-Me-C6H4 450/7 92 

p-0Me:..c6H4 450/8 82 

J Me-(CH2)3 600/12 71 

k Ph-CH2 600/10 75 

[a] Isolated yield 

As can be seen from Tabie 4, 5 and 6, the reaction appears to be quite general and 

diverse types of bis-imines can be obtained by varying the amine part or the aldehydic 

part. Several pharmacologically important moieties can be introduced into the imines, 
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e.g. -Cl, -N02, -Me, -OMe, -OH, double bond etc. showing their tolerance to the reaction 

condition. Aliphatic and aromatic aldehydes and amines responded equally to the 

reaction. As repoiied by Fujioka et a/38 and Gogoi et aP9 where reaction between EDA 

and aldehyde derivatives afforded 2-dihydroimidazole derivatives, however, in our case 

we did not observe such product. Notably, present method of synthesis of bis-imines 

reduces the reaction time from several hours to few minutes. Using p-TSA as catalyst, we 

received excellent to good yields of the products. Being water soluble, the catalyst can b~ 

easily removed from the reaction mixture making the purification easier-an important 

point in the context of green chemistry. Finally, recrystallization from ethanol furnished 

the pure products. Overheating and increase in the reaction time didn't increase the yield; 

rather we got some insoluble waste materials. 

We have also studied the effect of amount of p-TSA in all the reactiot1 schemes. 

For this, the reaction between EDA (2) & p-chlorobenzaldehyde (4d), p-PDA (3) & p

chlorobenzaldehyde ( 4d), terephthaldehyde (7) & p-chloroaniline (8b) were chosen as the 

model reactions in Schemes 4, 5 and 6 respectively. Different amounts of catalyst 

loading were tested. The results are shown in Table 7. In the absence of catalyst, the 

reaction proceeded to give poor yields. Using catalyst the yields were improved. 

Consequently, 5 mol% of p-TSA was found to be the optimum one. 

Table 7: Effect of catalyst (p-TSA) loading 

Entry . Catalyst loading Yield (%fl 

Table 4, Table 5, Table 6, 

entry d entry d entry b 

No catalyst 56 45 53 

2 3 mol% 78 74 76 

" 5 mol% 99 99 90 .) 

4 7 mol% 98 99 91 

5 IOmol% 81 84 81 

[a] Isolated yield 
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Sil'nilarly, the optimum power ofMW in each scheme was evaluated. 

The products were supported by the absence of the carbonyl and primary amine 

bands ofthe reactants in IR spectra, and the presence of an imine V(C=Nl band within 1590-

1680 em·' region. In the 1H NMR spectra, the azomethine (CH=N) protons appear within 

8= 8.00-9.00 ppm. In the 13C NMR spectra, the imine carbon appears within 150.00-

170.00 ppm. Progress of the reaction can be easily monitored by IR and 1H NMR 

spectroscopy in addition to TLC. In IR spectra, appearance of C=N peak and 

disappearance of>C=O peak and in 1H NMR spectra, appearance ofazomethine (CH=N) 

protons are the focusing point. 

Conclusion: 

The procedure described above has several advantages over existing methods for the 

synthesis of imines. The use of any drying agents or apparatus to remove the water 

formed during the reaction is not necessary. Time economy observed is amazing and also 

p-TSA as catalyst is very cheap and effective, which can be easily removed fi-om the 

reaction mixture. Moreover, use of 'MWI' considerably improves the yield of the 

products as compared to the 'classical heating'. 

Different steps (reaction, separation, and purification) in a synthesis contribute to 

the environmental footprint of the process. Since, our method reduces the amount of 

solvent used, hence the methodology is environmentally benign. Owing to the important 

precursors for the synthesis of several biologically versatile heterocyc I ic rings, our 

finding may be helpful. 

In conclusion, a sho11library ofsymmetrical bis-imines has been constructed fi-om 

the reaction between amines and aldehydes under MWI. 

Experimental Section: 

General experimental procedure for the synthesis of bis-imines (5}, (6) and (9): 

Typically, a mixture of EDA (2, 0.134 ml, 2 mmol), benzaldehyde (4a, 0.406 ml, 4 

mmol) and pure p-TSA (19 mg, 5 mol%) were irradiated in a microwave synthesis 
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system (600 W) for I 0 min. The reaction was monitored by TLC. After completion of the 

reaction, the crude product (Sa) was dissolved in minimum amount of ethyl acetate and 

upon addition ofhexane, bis-imine precipitated out. The precipitate was filtered and then 

dried in vacuum to afford the bis-imine (0.178 g, 75% yield). m.p. 53.6-54.3 'C. 

Applying this reaction procedure we have synthesised and characterized all the 

. bis-imine compounds. The pure product was characterized by IR, 1H-NMR, 13C-NMR 

spectroscopy, mass spectrometry, elemental analysis and compari·son of melting point 

with reported one (which are available in the literature). 

Physical and spectral data: 

N\N2 -dibenzylideneethane-1,2-diamine (Sa) 

Yield 75%. m.p. 53.6-54.3 °C. IR (KBr) (Y 111a,/cm-1) 1637.09. (

CH=N-); 1H NMR (400 MHz, CDCI 3) OH 3.94 (s, 4H, 2CH2), 7.34-

7.36 (m, 6H, arom), 7.65-7.67 (m, 4H, arom), 8.25 (s, 2H, 2N=CH); 

13C NMR (100 MHz, CDC13) <\ 61.8, 128.4, 128.7, 130.8, 136.3, 

162.9; MS, mlz 237.13 (M+); Anal. Calcd (%)for C16H16Nz: C, 

81.32; H, 6.82; N, 11.85. Found C, 81.33; H, 6.85; N, 11.86. 

N 1,N2 -bis(3-phenylallylidene)ethane-1 ,2-diamine (Sb) 

N=CH-CH~ 
( ' 

N=CH-CHV-..-:: . I 
h-

Yield 99%. m.p. 101.7-103.6 °C. IR (KBr) (v111a,/cm-1) 1638.12 

(-CH=N-); 1H NMR (400 MHz, CDCI3) oH 3.84 (s, 4H, 2CH2), 

6.85-6.96 (m, 4H, 2CH=CH), 7.29-7.37 (m, 6H, arom), 7.44-

7.47 (m, 4H, arom), 8.04 (d, 2H, J=7.32 Hz, 2N=CH); 13C 

NMR (100 MHz, CDCIJ) 8c 61.5, 127.2, 127.6, 128.5, 12.78, 

135.6, 142.0, 164.31; MS, mlz 288.16 (M+); Anal. Calcd (%)for CzoHzoNz: C, 83.30; H, 

6.99; N, 9.71. Found C, 83.34; H, 7.03; N, 9.69. 
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N 1 ,N2 -his( 4-methoxybenzylidene )ethane-1 ,2-diamine (Sc) 

Yield 98%. m.p. 107.5-109.6 °C. IR (KBr) (vmaxfcm- 1) 1641.12 

(-CH=N-); 1H NMR (400 MHz, CDCb) 81.1 3.76 (s, 6H, 2CH3), 

3.91 (s, 4H, 2CH2), 6.89 (d, 4H, J=8 Hz, arom), 7.64 (d, 4H, 

1=8.8 Hz, arom), 8.20 (s, 2H, N=CH); 13C NMR (100 MHz, 

CDCb) 8c 55.4, 61.8, 128.3, 128.7, 130.8, 136.3, 162.9; MS, 

mlz 296.15 (M+); Anal. Calcd (%)for C1sH2oN202: C, 72.95; H, 

6.80; N, 9.45. Found C, 72.99; H, 6.84; N, 9.46. 

N 1,N2-bis( 4-chlorobenzylidene)ethane-1,2-diamine (Sd) 

ncl 
(-~ 
N~ 

Vc, 

N, 9.16. 

Yield 99%. m.p. 149.1-150.3 °C. IR (KBr) (v 111a:./cm- 1) 1637.09 (-

CH=N-); 1H NMR (400 MHz, CDCb) 81-1 3.97 (s, 4H, 2CH2), 7.36 

(d, 4H, J=8.24 Hz, arom); 7.64 (d, 4H, J=8.24 Hz, arom), 8.24 (s, 

13 . 
2H, N=CH); C NMR (100 MHz, CDCb) 8c 61.5, 128.5, 128.9, 

134.6, 136.6, 161.4;_ MS, m/z 304.05 (M+); Anal. Calcd (%) for 

C16H14 ChNz: C, 62.97; H, 4.62; N, 9.18. Found C, 62.99; H, 4.66; 

N 1 ,N2 -bis(2-chlorobenzylidene )ethane-1,2-diamine (Se) 

N=Y 
( 

Cl 
Cl 

N~ 
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Yield 98%. m.p. 148.4-149.7 °C. IR (KBr) (vmaxlcm- 1) 1637.21 (-

CH=N-); 1H NMR (400 MHz, CDC~)) 81-1 3.98 (s, 4H; 2CH2), 

7.37-7.65 (m, 8H, arom), 8.24 (s, 2H, N=CH); 13C NMR (100. 

MHz, CDCb) 8c 61.6, 128.3, 128.8, 131.3, 132.6, 133.9, 136.5, 

162.0; MS, m/z 304.05 (M+); Anal. Calcd (%)for C16H14 ChN2: 

C, 62.97; H, 4.62; N, 9.18. Found C, 63.00; H, 4.66; N, 9.18. 



N 1 ,N2 -his( 4-hydroxybenzylidene )ethane-1 ,2-diamine (Sf) 

OH 

I 

(_ 
~ 
~OH 

Yield 95%. m.p. 126.7-127.4 °C. IR (KBr) (vmaxfcm- 1) 3479.21 (-

OH), 1637.18 (-CH=N-); 1H NMR (400 MHz, CDCb) D1-1 3.93 (s, 

4H, 2CH2), 6.89 (d, 4H, J=8.24 Hz, arom), 7.31 (d, 4H, .J=8.72 

Hz, arom), 8.31 (s, 2H, N=CH), 9.37 (s, 2H, OH); 13C NMR (1 00 

MHz, CDCb) De 61.7, 128.1, 128.4, 131.1, 135.9, 162.7; MS, mlz 

268.12 (M+); Anal. Calcd (%)for C16H16N202: C, 71.62; H, 6.01; 

N, 1 0.44. Found C, 71.61; H, 6.04; N, .1 0.42. 

N 1,N2-bis(2-hydroxybenzylidene)ethane-1,2-diamine (Sg) 

N=Y 
( 

OH 

N=o 
Yield 100%. m.p. 125.9-127.3 °C. IR (KBr) (vmaxfcnf 1) 3477.16 (

OH), 1667.89 (-CH=N-); 1H NMR (400 MHz, CDCb) D1-1 3.93 (s, 

4H, 2CH2), 6.83-6.94 (m, 4H, arom), 7.23-7.30 (m, 4H, arom), 8.35 
' 

(s, 2H, N=CH), 13.21 (s, 2H, OH); 13C NMR (100 MHz, CDCb) De 

61.6, 128.3, 128.7, 129.9, 130.8, 132.5, 136.3, 162.9; MS, m/z 

268.12 (M+); Anal. Calcd (%)for C16H16N202: C, 71.62; H, 6.01; N, 

10.44. Found C, 71.61; H, 6.04; N, 10.41. 

N 1,N2 -his( 4-methylbenzylidene)ethane-1,2-diamine (Sh) 

Yield 98%. m.p. 159.7-160.2 °C. IR (KBr) (vmaxfcm- 1) 1636.87 (-

CH=N-); 1H NMR (400 MHz, COCI3) D1-1 2.35 (s, 6H, 2CH3), 3.92 

(s, 4H, 2CH2), 7.19 (d, 4H, .J= 6.88 Hz, arom), 7.55 (d, 4H, 

. 13 
.1=6.88 Hz, arom), 8.23 (s, 2H, N=CH); C NMR (I 00 MHz, 

CDCb) De 28.8, 61.6, 128.0, 129.2, 133.5, 140.7, 162.5; MS, m/z 

264.16 (M+); Anal. Calcd (%)for C 18H20N2: C, 81.78; H, 7.63; N, 10.60. Fow1d C, 81.79; 

H, 7.66; N, I 0.57. 
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N 1 ,N2 -his( 4-nitrobenzylidene )ethane-1,2-diamine (Si) 

~NO, 

( . 

Yield 83%. m.p. 161.7-162.9 °C. JR (KBr) (v111~xlcm- 1 ) 1636.89 (

CH=N-); 1H NMR (400 MHz, CDCb) 8H 3.94 (s, 4H, 2CH2), 7.87 

(d, 4H, J=7.32 Hz, arom), 8.21 (d, 4H, J=7.32 Hz, arom), 8.45 (s, 

2H, N=CH); 13C NMR (100 MHz, CDCb) Oc 61.5, 127.7, 128.3, N~ 
~N02 132.8, 147.9, 161.3; MS, mlz 326.10 (M+); Anal. Calcd (%)for 

'-----lllllllili.~ 
C,6H14N404: C, 58.89; H, 4.32; N, 17.17. Found C, 58."91; H, 4.35; N, 17.14. 

N 1,N2-bis(3-nitrobenzylidene)ethane-1,2-diamine (Sj) 

Yield 98%. m.p. 162.5-164.1 °C. IR (KBr) (v 111ax/cm· 1) 1637.06 (

CH=N-); 1H NMR (400 MHz, CDCb) DH 4.03 (s, 4H, 2CH2), 

7.56-8.38 (m, 8H, arom), 8.53 (s, 2H, N=CH); 13C NMR (1 00 

MHz, CDCb) &c 61.44, 123.00, 125.32, 129.85, 133.84, 137.86, 

148.79, 160.27; MS, in/z 326.10 (M+); Anal. Calcd (%) for 

C,6H14N404: C, 58.89; H, 4.32; N, 17.17. Found C, 58.91; H, 4.36; N, 17.15. 

N 1 ,N2 -diethylideneethane-1,2-diamine (Sk) 

Yield 27%. m.p. 103.5-104.8 °C. IR (KBr) (v111a)cm- 1) 1643.06 (

CH=N-); 1H NMR (400 MHz, CDCb) 81-1 1.20-1.21 (m, 6H, CH3), 

3.93 (s, 4H, 2CH2), 8.23 (s, 2H, N=CH); 13C NMR (1 00 Ml-Iz, CDCb) 

Oc 16.1, 62.0, 158.6; MS, m/z 113.10 (M+); Anal. Calcd (%) for 

C6H 12N2 : C, 64.24; H, 10.78; N, 24.97. Found C, 64.28; H, 10.76; N, 24.95. 

N 1 ,N2 -dibutylideneethane-1,2-diamine (51) 

Yield 31%. m.p. 98.6-101.3 °C. IR (KBr) (vmaxfcm- 1) 1643.06 (

CH=N-); _1H NMR (400 MHz, CDCb) DH 1.17-1.21 (m, 6H, 

CH3), 1.67-2.24 (m, 8H, CH2), 3.97 (s, 4H, 2CH2), 8.24 (s, 2H, 

N=CH); 13C NMR (100 MHz, CDCb) be 16.2, 27.1, 28.7, 61.5, 

159.2; MS, m/z 169.17 (M+); Anal. Calcd (%)for C 10H20N2: C, 71.37; H, 11.98; N, 16.65. 

Found C, 71.39; H, 11.95; N, 16.65. 

193 I Page 



N 1,N2 -dipentylideneethane-1,2-diamine (Sm) 

Yield 31%. m.p. 87.7-89.1 °C. IR (KBr) (vmaxlcm-1) 1637.91 (

CH=N-); 1H NMR (400 MHz, CDC1 3) 81-1 1.03-1.09 (m, 6H, 

CH3), 1.55-2.14 (m, 8H, CH 2), 2.27-2.31 (m, 4H, CH 2), 3.97 (s, 

4H, 2CH2), 8.24 (s, 2H, N=CH); 13C NMR (I 00 MHz, CDC b) oc 

16.1, 27.2, 27.4, 28.7, 61.5, 159.5; MS, mlz 197.2 (M+); Anal. Calcd (%)for C 12H24N2: C, 

73.41;H, 12.32;N, 14.27.FoundC,73.43;H, 12.31;N, 14.24. 

N1~-dibenzylidenebenzene-1,4-diamine (6a) 

Yield 80%. m.p. 141-141.7 °C. !R (KBr) (v111a)cm-1) 1613.80 (

CH=N-); 1H NMR (400 MHz, CDCb) 81-1 7.28 (s, 4H, arom), 7.47-

7.49 (m, 6H, arom), 7.90-7.92 (m, 4H, arom), 8.50 (s, 2H, N=CH); 
13C NMR (100 MHz, CDCI3) 8c 121.8, 128.7, 131.3, 136.2, 149.9, 

159.7; MS, mlz 285.13 (M+); Anal. Calcd (%) for C2oH16N2: C, 

84.48; H, 5.67; N, 9.85. Found C, 84.47; H, 5.76; N, 9.86. 

N 1 N -bis(3-phenylallylidene)benzene-1,4-dia mine (6b) 

~CH-CH~ 
¢ 
N-=CH~cV 

Yield 99%. m.p. 226.9-228.3 6C. IR (KBr) (vmaxlcm-1) 1615.77 (

CH=N-); 1H NMR (400 MHz, CDCb) 81-1 7.13-7.16 (m, 4H, 

2CH=CH), 7.25 (s, 4H, arom), 7.36-7.42 (m, 6H, arom), 7.56-7.54 

IJC (m, 4H, arom), 8.32 (d, 2H, J=7.32 Hz, N=CH); NMR (I 00 

MHz,CDCl3)8c 122.01, 127.61, 128.70, 129.03, 129.70, 135.69, 144.11, 149.82, 161.09; 

MS, m/z 336.16 (M+); Anal. Calcd (%)for C24 H2oN2: C, 85.68; H, 5.99; N, 8.33. Found 

C, 85.67; H, 6.01; N, 8.34. 

N 1N-bis(4-methoxybenzylidene)benzene-1,4-diamine (6c) 
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Yield 96%. m.p. 206.7-207.9 °C. IR (KBr) (v111a,/cm-1) 1613.80 (

CH=N-); 1H NMR (400 MHz, CDCI3) 81-1 3.85 (s, 6H, OCH3), 6.96 (d, 

4H, J=8.24 Hz, arom), 7.21 (d, 4H, J=8 Hz, arom), 7.83 (s, 4H, 

arom), 8.39 (s, 2H, N=CH); 13C NMR (I 00 MHz, CDCI3) 8c 55.1, 



114.1, 121.4, 129.0, 129.7; 149!.6, 158.6,.161_.9; MS, mlz 344.15 (M+); Anal. Calcd (%) 
I 

for C22 H20N20 2 : C, 76.72; H, 5.85; N, 8.13. Found C, 76.75; H, 5.86; N, 8.14. 

N 1N-bis(4-chlorobenzylide_ne)benzene-1,4-diamine (6d) 

Yield 99%. m.p. 202.3-202.9 °C. lR (KBr) (Vmaxfcm-1) 1637.42 (

CH=N-); 1H NMR (400 MHz, CDC13) 01-1 7.27 (s, 4H, arom), 7.44 (d, 

4H, J=8.72 Hz, arom), 7.84 (d, 4H, J=8.24 Hz, arom), 8.46 (s, 2H, 

N=CH); 13C NMR (100 MHz, CDC13) oc 121.9, 129.1, 130.0, 134.8, 

137.4, 149.8, 158.2; MS, mlz 353.05 (M+); Anal. Calcd (%) for 

C2oH14Cl2N2: C, 68.00; H, 3.99; N, 7.93. Found C, 68.01; H, 4.01; N, 7.91. 

N 1N-bis(2-chlorobenzylidene)benzene-1,4-diamine (6e) 

N=Y 
~ Cl 

~ 

Yield 98%. m.p. 203-204.1 °C. IR (KBr) (vmaxlcm-1) 1637.42 (-CH=N-

); 1H NMR (400 MHz, CDCb) 01-1 7.28 (s, 4H, arom) 7.47-7.85 (m, 

8H, arom), 8.46 (s, 2H, N=CH); 13C NMR (I 00 MHz, CDCI 3) oc 121.9, 

128.8, 129.3, 129.7, 130.2, 134.8, 137.4, 149.7, 158.4; MS, m/z 353.05 

(M"); Anal. Calcd (%)for C2oH14CI2N2: C, 68.00; H, 3.99; N, 7.93. 

Found C, 68.03; H, 4.01; N, 7.96. 

N 1N-bis(4-hydroxybenzylidene)benzene-1,4-diamine (6f) 

~OH 

0 
N~ 

. ~OH 

Yield 92%. m.p. 259.9-261 °C. IR (KBr) (v111a,/cm-1) 3533.76 (-OH), 

1643.45 (-CH=N-); 1H NMR (400 MHz, CDCI3) oH 6.65-7.06 (m, 

8H, arom), 7.69-7.76 (m, 4H, arom), 8.41 (s, 2H, N=CH), 9.78 (s, 

2H, OH); 13C NMR (100 MHz, CDCI 3) oc 115.0, 115.6, 121.5, 

121.8, 130.4, 131.9, 158.9; MS, mlz 316 (M+); Anal. Calcd (%) for 

C2oH16N202: C, 75.93; H, 5.1 0; N, 8.86. Found C, 75.92; H, 5.13; N, 8.89. 
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N 1 ,~ -bis(2-hydroxybenzylidene )benzene-1 ,4-diamine ( 6g) 

N~ A OH y=u 
N, 8.89. 

Yield 93%. m.p. 257-258.3 °C. IR (KBr) (vmaxlcm-1) 3533.76 (-OH), 

1643.45 (-CH=N-); 1H NMR (400 MHz, CDC13) 8H 6.68-7.12 (m, 8H, 

arom), 7.41-7.49 (m, 4H, arom), 8.41 (s, 2H, N=CH), 9.78 (s, 2H, 

OH); 13C NMR (100 MHz, CDCi]) De 115.1, 115.6, 115.7, 121.7, 

121.9, 129.8, 130.4, 131.9, 158.9; MS, m/z 316 (M+); Anal. Calcd (%) 

for C2oH16N202: C, 75.93; H, 5.1 0; N, 8.86. found C, 75.92; H, 5.13; 

N1,~ -his( 4-methylbenzylidene)benzene-1,4-diamine (6h) 

Yield 98%. m.p. 227-228.6 °C. (KBr) (v111a)cm- 1) 1546.24 (-CH=N-); 

1H NMR (400 MHz, CDCi]) 8H 2.31 (s, 6H, CH3), 7.17-7.21 (m, 8H, 
I, 

arom), 7.93 (s, 4H, arom), 8.41 (s, 2H, N=CH); "'C NMR (100 MHz, 

CDCh) 8c 21.1, 121.1, 128.7, 129.4, 135.5, 138.6, 149.2, 159.1; MS, 

mlz 312.12 (M+); Anal. Calcd (%) for C22H2oN2: C, 84.58; H, 6.45; 

N, 8.97. Found C, 84.60; H, 6.47; N, 8.96. 

N1,~ -his( 4-nitrobenzylidene)benzene-1,4-diamine (6i) 

Yield 87%. m.p. 259.1-259.9 °C. IR (KBr) (v1113:../cm-1) 1607.67 (

CH=N-); 1H NMR (400 MHz, CDCi]) 8H 7.36 (s, 4H, arom), 7.41-

8.03 (m, 8H, arom), 8.42 (s, 2H, N=CH); 13C NMR (100 MHz, 

CDCb) oc 117.3, 123.5, 129.2, 129.7, 149.9, 158.6, 162.3 MS, m/z 
~ 

374.09 (M+); Anal. Calcd (%) for C2oH 14N404: C, 64.17; H, 3.77; 

N, 14.97. Found C, 64.15; H, 3.79; N, 14.96. 

N1,~ -bis(3-nitrobenzylidene)benzene-l ,4-diamine (6j) 
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Yield 98%. m.p. 259-260.9 °C. IR (KBr) (v1113:../cm-1) 1607.67 (

CH=N-); 1H NMR (400 MHz, CDCi)) oH 7.37 (s, 4H, arom), 7.67-

7.73 (m, 6H, arom), 8.01-8.12 (m, 4H, arom), 8.45 (s, 2H, N=CH); 
13C NMR (100 MHz, CDCh) 8c 121.7, 127.9, 128.7, 129.3, 130.5, 



131.4, 136.2, 149.7, 160.6; MS, mlz 374.09 (M+); Anal. Calcd (%)for C2oH 14N40 4: C, 

64.17; H, 3.77; N, 14.97. Found C, 64.19; H, 3.76; N, 14.96. 

N 1 ,It -diethylidenebenzene-1,4-diamine (6k) 

Yield 87%. m.p. 187.1-188.9 °C. IR (KBr) (v1113)cm-1) 1643.28 (-CH=N-); 

1H NMR (400 MHz, CDCb) DH 1.12-1.14 (m, 6H, CH3), 7.28 (s, 4H, 
13 . 

arom), 8.43 (s, 2H, N=CH); C NMR (100 MHz, CDCb) 8e 16.2, 127.8, 

128.7, 149.7, 160.3; MS, mlz 161.10 (M+); Anal. Calcd (%)for C 10H 12N2: 

C, 74.97; H, 7.55; N, 17.48. Found C, 74.96; H, 7.56; N, 17.46. 

N 1 ,It -dibutylidenebenzene-1 ,4-diamine (61) 

Yield 88%. m.p. 183.7-185.1 °C. IR (KBr) (vma.)cm-1) 1637.91 (

CH=N-); 1H NMR (400 MHz, CDCb) D1-1 1.13-1.17 (m, 6H, CH3), 

1.25-2.04 (m, 8H, CH2), 7.32 (s, 4H, arom), 8.41 (s, 2H, N=CH); 13C 

NMR (100 MHz, CDCb) De 16.1, 27.5, 28.7, 127.6, 128.3~ 160J; MS, 

m/z 217.2 (M+); Anal. Calcd (%)for C 14H2oN2: C, 77.73; H, 9.32; N, 12.95. Found C, 

77.76; H, 9.33; N, 12.93. 

N 1 ,It -dipentylidenebenzene-1,4-diamine (6m) 

Yield 88%. m.p. 156.9-158.3 °C. IR (KBr) (vmaxlcm- 1) 1637.91 (

CH=N-); 1H NMR (400 MHz, CDCI 3) 81-1 1.03-1.11 (m, 6H, CH3), 

1.22-1.94 (m, 8H, CH2), 2.21-2.37 (m, 4H, CH2), 7.29 (s, 4H, arom), 

8.46 (s, 2H, N=CH); 13C NMR (1 00 MHz, CDCb) De 16.1. 27.1, 27.3, 

28.8, 127.6, 128.1, 160.0; MS, mlz 245.2 (M+); Anal. Calcd (%)for C,6H24N2: C, 78.64; 

H, 9.90; N, 11.46. Found C, 78.66; H, 9.93; N, 11.43. 

N-(phenylimino)methyl)benzylidene)benzenamine (9a) 
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Yield 85%. m.p. 161.7-163.5 °C. IR (KBr) (Vmaxlcm- 1) 1577.71 (

CH=N-); 1H NMR (400 MHz, CDCb) 81-1 7.22-7.25 (m, 6H, arom), 

7.37-7.43 (m, 4H, arom), 7.98-8.00 (m, 4H, arom), 8.49 (s, 2H, N=CH); 

13C NMR (1 00 MHz, CDC b) 8c 120.6, 126.0, 128.8, 128.9, 138.3, 



151.4, 159.1; MS, mlz 285.35 (M+); Anal. Calcd (%)for C2oH1 6N2: C, 84.48; H, 5.67; N, 

9.85. Found C, 84.47; H, 5.69; N, 9.86. 

N-( 4-chlorophenylimino )methyl)benzylidene )-4-chlorobenzenamine (9b) 

Yield 90%. m.p. 175.9-178.3 °C. IR (KBr) (v1113)cm-1) 1579.84 (

CH=N-); 1H NMR (400 MHz, CDC1 3) 81-1 7.19 (d, 4H, .J=8.72 Hz, 

arom), 7.36 (d, 4H, J=8. 72 Hz, atom), 7.98-8.01 (m, 4H, arom), 8.48 

(s, 2H, N=CH); 13C NMR (100 MHz, CDCh) 8c 121.7, 129.2, 129.5, 

132.3, 138.3, 150.3, 159.4; MS, mlz 352.05 (M+); Anal. Calcd (%) for 

C2oH14ChN2: C, 68.00; H, 3.99; N, 7.93. Found C, 68.01; H, 4.01; N, 7.95. 

N-(2-chlorophenylimino)methyl)benzylidene)-2-chlorobenzenamine (9c) 

Yield 91%. m.p. 174.3-175.9 °C. IR (KBr) (v 1113)cm-1) 1579.84 (

CH=N-); 1H NMR (400 MHz, CDC1 3) 81-1 7.21-7.41 (m, 8H, arom), 

7.99-8.01 (m, 4H, arom), 8.49 (s, 2H, N=CH); 13C NMR (100 MHz, 

CDCh) 8c 121.7, 128.5, 128.9, 129.2, 129.5, 132.3, 138.2, 150.1, 

159.4; MS, m/z 352.05 (M+); Anal. Calcd (%) for C2oH 14ChN2: C, 

68.00; H, 3.99; N, 7.93. Found C, 68.02; H, 3.97; N, 7.95. 

N-( 4-nitrophenylimino )methyl) benzylidene )-4-nitrobenzenam ine (9d) 

Yield 78%_ m.p. 225-226.7 °C. IR (KBr) (v1113)cm-1
) 1569.21 (

CH=N-); 1H NMR (400 MHz, CDC13) 81-1 7.41 (d, 4H, .}=8.24 Hz, 

arom), 7.49 (d, 4H, .]=8.72 Hz, arom), 8.00 (s, 4H, arom), 8.48 (s, 

2H, N=CH); 13C NMR (100 MHz, CDCi]) 8c 122.3, 129.2, 129.7, 

131.9, 1J9.1, 151.3, 159.4; MS, mlz 374.09 (M+); Anal. Calcd (%) 

for C20H 14N404: C, 64.17; H, 3. 77; N, 14.97. Found C, 64.15; H, 3. 76; N, 14.95. 
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N-(3-nitropbenylim ino )metbyl)benzylidene )-3-nitro benzenamine (9e) 

Yield 88%. m.p. 224.5-226.1 °C. IR (KBr) (V 1113)cm-1) 1569.21 (

CH=N-); 1H NMR (400 MHz, CDC1 3) OH 7.46-7.53 (m, 8H, arotn), 

7.98 _(s, 4H, arom), 8.49 (s, 2H, N=CH); 13C NMR (100 MHz, 

CDCb) be 122.3, 128.6, 128.9, 129.2, 129.7, 131.9, 139.2, 151.3, 

159.1; MS, mlz 374.09 (M+); Anal. Calcd (%) for C2oH 14N404: C, 

64.17; H, 3.77; N, 14.97. Found C, 64.15; H, 3.76; N, 14.98. 

N-(p-tolylimino )metbyl)benzylidene )-4-metbylbenzena m inc (9f) 

Yield 93%. m·.p. 187-189.4 °C. IR (KBr) (V 111a,/cm-1
) 1576.27 (

CH=N-); 1H NMR (400 MHz, CDC\3) OH 2.35 (s, 6H, CH3), 7.13-

7.17 (m, 8H, arom), 7.96 (s, 4H, arom), 8.48 (s, 2H, N=CH); 13C 

NMR (100 MHz, CDCI3) Oc 21.1, 121.0, 129.1, 129.9, 136.3, 138.7, 

149.2, 158.6; MS, mlz 312.12 (M+); Anal. Calcd (%) for CnH 20N2: 

C, 84.58; H, 6.45; N, 8.97. Found C, 84.54; H, 6.47; N, 8.98. 

N-(o-tolylimino)metbyl)benzylidene)-2-metbylbenzenamine (9g) 

Yield 85%. m.p. 186.7-187.5 °C. IR (KBr) (v 111a,lcm-1
) 1576.27 (

CH=N-); 1H NMR (400 MHz, CDCI3) oH 2.35 (s, 6H, CH 3), 7.13-7.19 
I' (m, 8H, arom), 7.97 (s, 4H, arom), 8.48 (s, 2H, N=CH); JC NMR (1 00 

MHz, CDC~)) be 21.1, 121.1, 128.7, 129.1, 129.9, 130.3, 136.3, 138.7, 

149.2, 158.6; MS, m/z 312.12 (M+); Anal. Calcd (%) for C22H2oN2: C, 

84.58; H, 6.45; N, 8.97. Found C, 84.55; H, 6.47; N, 8.96. 

N-( 4-methoxy pheny lim ino )methyl)benzylidene )-4-methoxy benzena mine (9 h) 
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Yield 85%. m.p. 223S224.3 °C. 1R (KBr) (V 1113)cm- 1) 1576.98 (

CH=N-); 1H NMR (400 MHz, CDCI3) bH 3.84 (s, 6H, CH3), 6.95 

(d, 4H, J=9.16 Hz, arom), 7.28 (d, 4H, J=8.68 Hz, arom), 7.98 

(m, 4H, arom), 8.56 (s, 2H, N=CH); 13C NMR (100 MHz, 

CDCI3) Oc 55.5, 114.5, 122.4, 128.9, 138.6, 144.6, 157 .4, 158.6; 

MS, m/z 344.15 (M+); Anal. Calcd (%) for C22H2oN202: C, 



76.72; H, 5.85; N, 8.13. Found C, 77.70; H, 5.86; N, 8.10. 

N-(benzyliinino )methy I) benzylidene )(phenyl)methanamine (9i) 

Yield 99%. m.p. 87.8-90.4 °C. IR (KBr) (vnia.../cm-1) 1577.71 (

CH=N-); 1H NMR (400 MHz, CDC1 3) o1.1 4.83 (s, 4H, CH2), 7.24-

· 7.35 (m, I OH, arom), 7.82 (s, 4H, arom), 8.40 (s, 2H, N=CH); 13C 

NMR (100 MHz, CDCI3) Oc 65.2, 127.1, 128.1, 128.5, 128.6, 

138.2, 139.1, 161.4; MS, mlz 313.I6 (M+); Anal. Calcd (%)for C22H20N2: C, 84.58; H, 

6.45; N, 8.97. Found C, 84.57; H, 6.47; N, 8.9 
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CHAPTER6 



Overall Conclusion: 

As mentioned in earlier chapters, purpose of this thesis is to explore synthesis, 

structure and bioactivity of pyrimidine derivatives and development of some synthetic 

methods. 

The major findings of this thesis are described below: 

I. Synthesis of aryl!alkyl!heteroaryl bis(6-amino-l ,3-dimethyluracil-5-yl)methanes 

in water was achieved with excellent yields just by simple stirring of 6-

aminouracil and aldehydes (aromatic, aliphatic and heterocyclic), without 

applying heat, dehydrating agents, catalysts, other out driving forces or other 

volatile organic solvents. Separation of the compounds were done by simple 

filtration technique without using TLC and column chromatographic techniques, 

which reduces the capital and operating costs (60-80%) of the overall cost and 

environmental footprint of the process. Interestingly, the reaction between 

cinnamaldehyde and 6-aminouracil provided both the cis-/trans-bis-adducts, 

however, after recrystallization, only the trans isomer crystallized out. The 

reaction of salicyldehyde with 6-aminouracil provided the 5-(6-amino-1 ,2,3,4-

tetrahydro-1 ,3-dimethyl-2,4-dioxopyrimidin-5-yl)-1 ,3-dimethyl-pyrimido[4,5-

b ]quinoline-2,4( I H,3H,5H, I OH)-dione tetrahydrate through the formation of bis

uraci I adduct. 

2. Nucleophilic addition of 6-amino-1 ,3-dimethylpyrimidine-2,4(1 H,3H)-dione and 

6-[( dimethylamino )methyleneamino ]-1 ,3-dimethylpyrimidine-2,4(1 H,3H)-dione 

with aldehydes (aromatic, aliphatic and heterocyclic) using 'green surfactant' 

isolated from P. aeruginosa OBPI in water at room temperature is described. The 

reaction is highly efficient and environmentally friendly. 

To the best of our knowledge, for the first time we have introduced the use 

of bio-surfactant in organic transformation, we believe th.is methodology will 

open a new field in synthetic methodology. 

Some of the synthesized bis-uracil/tetrakis-uracil derivatives showed very 

good anti-oxidant properties, and moderate to good anti-microbial activities, but 

we did not observe anti-fungal activities. 
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3. C-N Rotational energy barrier for the dimethylamino group around C-N double 

bond in the exocyclic part of 6-[(dimethylamino)methylene]l ,3-

dimethylaminouracil was determined by VT -DNMR spectroscopy and it was 

observed that pyrimidine ring did not undergo any change in its conformation 

during the process, changes occur only in the exocycl ic part as the dynamic 

process of fast exchange is induced by the application of heat energy. 

Theoretical calculation showed that the origin of the barrier lies in 

delocalization of the lone pair of electrons on the nitrogen atom into the anti

bonding orbital of the adjacent C-N double bond in the ground state. 

Experimentally, the C-N rotational barrier for 6-[(Dimethylamino)methylene]l ,3-

dimethylaminouracil 1n 1,1 ,2,2-tetrachloroethane-d2 was found to be 18.97 

Kcal/mol, which is m good agreement with the computed barrier of ·19.8 

Kcal/mol. 

4. Diels-Aider methodology (aza-version) has been used for the constmction of 

fused heterocyclic systems like pyrido[2,3-d]pyrimidine-2,4-dione derivatives 

and bis-pyrimido[4,5-d]pyrimidine derivatives. 

Anti-bacterial activity of pyrido[2,3~d]pyrimidine-2,4-dione derivatives 

and bis-pyrimido[4,5-d]pyrimidine derivatives were evaluated, cell-viability test 

of pyrido(2,3-d]pyrimidine-2,4-dione derivatives were done and some of the 

compounds showed anti-microbial properties. 

Cytotoxicity test of pyrido[2,3-d]pyrimidine-2,4-dione derivatives exhibit 

variability in survival percentage with different loading concentration and 

methoxy-substituted pyrido(2,3-d]pyrimidine derivatives showed potency to 

induce cytochrome P450. 

5. A good development of Bernthsen reaction was achieved by carrying out the 

reaction under MWl in the solventless condition using p-TSA as a catalyst, that 

reduces the reaction time from several hours (conventional synthesis) to few 

minutes. Using ionic liquid and p-TSA we received good yield (comparable), 

whereas, CAN and basic alumina etc. also provided the product but yields were 
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poorer. In the original Bernthsen reaction (using ZnCb), p~Nitro and p-Amino 

benzoic acids did not lead to acridines. The same substrates lead to acridine 

derivatives in our reaction conditions. Both ionic liquid and p-TSA are easy to 

remove from reaction mixture (water soluble) making the purification easy- an 

important point in the context of green chemistry. 

6. MWI has been shown to be a good way to optimise the synthesis of symmetrical 

bis-imines with good to excellent yields (61-99%). Time economy observed is 

amazing. Use of p-TSA as a catalyst is very effective, cheap and can be easily 

removed from the reaction mixture. The product separates by simple polar

nonpolar interaction, without applying any further separation techniques like 

column chromatography, TLC etc. 

Future Scopes: 

> Construction of library of pyrimidine compounds with wide molecular diversity 

by varying the dienophiles 

> Change in methodology ()fthe approach, e.g. extend the works with I ,3-dipoles 

> Attachment of pyrimidine derivatives to other bioactive molecules, natural 

alkaloids and hetero-polymer like materials 

> Application of modem computational methods (e.g. OFT, ab initio etc.) to 

understand and decide the site of electroph il ic or nucleophi I ic attack and 

differentiate between chemical reactivity behaviour of different pyrimidine 

compounds 

> Extend the bioactivity tests to cell lines 

> Molecular modelling and structure activity relationship studies will pave the way 

for looking into their bioactivities 

> To study the supramolecular behaviour of pyrimidine compounds 

> To search for new synthetic methods which will eliminate the associated 

drawbacks of previously reported reaction schemes with added advantage 

> To accomplish the reaction with environmental friendly, economic and easily 

avai I able reagents/catalysts 
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APPENDIX! 



1H and 13C NMR spectra for 6-amino-1,3-dimethylpyrimidine-2,4(1 H,3H)
dione 
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1H and 13C NMR spectra for 6-[(Dimethylamino)methylene]1 ,3-
dimethylpyrlmidine-2,4(1 H,3H)-dione 
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1H, 13C NMR and 0 20 exchanged 1H spectra for 6,6'-diamino-1,1',3,3'

tetramethyl-5,5' -(benzylidene) bis[pyrim id i ne-2,4( 1 H, 3H)-d io ne] 
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1 H spectra for 6,6'-diamino-1, 1' ,3,3'-tetramethyl-5,5'-( cinamylidene)
bis[pyrimidine-2,4(1 H,3H}-dione] (both cis/trans and trans isomer) 
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1H and 13C NMR spectra for 6,6'-diamino-1, 1',3,3'-tetramethyl-5,5'-(4-
methoxybenzylidene )bis[pyrimidine-2,4( 1 H,3H)-dione}] 
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1H, 13C NMR and 0 20 exchanged 1H spectra for 6,6'-diamino-1,1',3,3'
tetramethyl-5,5'-(4-chlorobenzylidene )bis[pyri midine-2,4( 1 H13H)-dione] 
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1H and 13C NMR spectra for 6,6'-diamino.;.1, 1',3,3'-tetramethyl-5,5'-(4-
methylbenzylidene)bis[pyrimidine-2,4(1 H,3H)-dione] 
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1H and 13C NMR spectra for 6,6'-diamino-1,1',3,3'-tetramethyl-5,5'-(3-
nitrobenzylidene)bis[pyrimidine-2,4(1 H,3H)-dione] 
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1H, 13C NMR and D20 exchanged 1H spectra for 6,6'-diamino-1,1',3,3'
tetramethyl-5 ,5' -(furayl) bis[pyrimidine-2,4( 1 H ,3H)-dione] 
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1H and 13C NMR spectra for 6,6'-diamino-1,1',3,3'-tetramethyl-5,5'
(thiopheneyl)bis[pyrimidine-2,4(1 H,3H)-dione] 
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1H and 13C NMR spectra for 6,6'-diamino-1,1',3,3'-tetramethyl-5,5'
(methyl)bis-[pyrimidine-2,4(1 H,3H)-dione] 
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1H and 13C NMR spectra for 6,6'-diamino-1, 1 ',3,3'-tetramethyl-5,5'
(acetanyl)bis[pyrimidine-2,4(1H,3H)-dione] 
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1H, 13C NMR and 0 20 exchanged 1H spectra for 6,6'-diamino-1,1',3,3'
tetramethyl-5,5'-(buta nyl)bis[pyrim id i ne-2,4(1 H,3H)-dione] 
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1H, 13C NMR and 0 20 exchanged 1H spectra for 6,6'-diamino-1,1',313'
tetramethyl-5,5'-(pentanyl)bis[pyrimidine-2,4(1 H,3H)-dione] 

I ·-~~~~..,..,....--....,..l!fllloll .. ~ ........ l. --..~-iolloo'l'·t~ . .J~l116'11111 
~__.-:t .. -~.,~-'l'T'"~r""'"T"""'~~""':~..,.;...,-~~~·;-r-.-:~~. -~·~...,.,_..........--l_..,.,......':'........n.__, 

i\IU ;ii( WU IJU IJU IIU IOU i\ ... ~ 1U i 5U 4U /i~JlU I 

i~ ~!~~ !! ~!~ i ~!~~~~!~~~ 



!!·j t.io)l'M'Me 

'l $; . .0 

:!- H, H; NH; 

. H,C~ -c -H,C . 

~l ~N ,v 0 

:IJ Me ('Me 

~-j D20 Exchange 
!!i 
:1: 

=· 
~ 

3-

:1· 

:3 

:;j_ 

i :·l LL JJ... ~ I \.....___) 0 i 
L,...._.~- r• ---;'-T .:. ~---~~-.-,.....-,..... 

u .. ""I 
.. 

A\ ;1 ~ ... "" 1A I I !.\ I 
~ li § i!! U§ ~ni ~ -~~~ !§~ 5!, :1 ~~~ 

~., ............ itS 

1H, 13C NMR and 0 20 exchanged 1H spectra for 6,6'-diamino-1, 1',3,3'
tetramethyl-5,5'-(2-hydroxybenzylidene)bis-[pyrimidine-2,4(1 H,3H)
dione] 
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1H and 13C NMR spectra for 6,6'-diamino-1 ,1',3,3'-tetramethyl-5,5'
(glutarylidene) -bis[pyrimidine-2,4(1 H,3H)-dione] · 
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1H and 13C NMR spectra for 6,6'·diamino·1, 1' ,3,3'·tetramethyl·5,5'· 
(terepthald i benzylidene )bis[pyrim idi ne·2,4( 1 H,3H)·d ione) 
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1H and 13C NMR spectra for 6-amino-6' -(dimethylamino) 
methyleneamino-1, 1 ',3,3' -tetramethyl-5,5' -(benzyl idene)bis[pyrimidine 
-2,4(1 H,3H)-dione] 
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1H and · 13C NMR spectra for 6-amino-6' -(dimethylamino) 
methyleneamino-1, 1' ,3,3'-tetramethyl-5,5'-(4-chlorobenzylidene)-bis
[pyrimidine-2,4(1 H,3H)-dione] 
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1H and 13C NMR spectra for 6-amino-6' -(dimethylamino) 
methyleneamino-1, 1' ,3,3'-tetramethyl-5,5'-(4-nitrobenzylidene)bis
[pyrimidine-2,4(1 H,3H)-dione] 
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1H and 13C NMR spectra . for 6-amino-6' -(dimethylamino) 
methyleneamino-1, 1' ,3,3' -tetramethyl-5,5' -(3-nitrobenzylidene)bis
[pyrimidine-2,4(1 H,3H)-dione] 
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1H and 13C NMR spectra for 6-amino-6' -(dimethylamino) 
methyleneamino-1, 1' ,3,3'-tetramethyl-5,5'-(2-furyl)bis-[pyrimidine-
2,4(1 H,3H)-dione] 
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1H, spectra for 1 ,3-dimethyl-5-phenyl-6-((phenylimino)methyl) 
pyrido[2,3-d] pyrim id i ne-2,4(1 H,3H)-d ione 
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phenylpyrimido[4,5-d]pyrimidine-2,4-(1 H,3H)-dione 
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1H 13C NMR and 20 cosy spectra for 6-(4-chlorophenyl)-5-(4-(6-(4-
chlorophenyl)-1 ,2,3,4,5,6-hexahydro-1 ,3-dimethyl-2,4-dioxopyrimido 
[4,5-d]pyrimidin-5-yl)phenyl)-5,6-dihydro-1 ,3-dimethylpyrimido[4,5-d] -
pyrim idine-2,4(1 H,3H)-dione 
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1H and 13C NMR spectra for 5,6-dihydro-6-(2-(1 ,2,3,4-tetrahydro-1 ,3-
dimethyl-5-(4-nitrophenyl)-2,4-dioxopyrimido[4,5-d]pyrimidin-6(5H)
yl)ethyl)-1 ,3-dimethyl-5-(4-nitrophenyl)pyrimido[4,5-d]pyrimidine-
2,4(1 H,3H)-dione 
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