Chapter 3A

Literature on strategies for conversion of 3, 4-

dihydropyrimidinones to pyrimidines



3A.1. Pyrimidines and their synthesis from Biginelli 3, 4-
dihydropyrimidin-2(1H)-ones

Pyrimidine is an aromatic heterocyclic compound containing two N-atoms at
positions 1 and 3 of the six membered ring. It is also known as ‘m-diazine’. It has wide
occurrence in nature as substituted and ring fused compounds and derivatives including
the nucleotides, thiamine (vitamin B1) and alloxan. Over the years, this ring system
turned out an important pharmacophor. It is found in many synthetic drugs such as
barbiturates: thiopental sodium 1 (Pentothal), HIV drug zidovudine 2. Some
diaminopyrimidines (Fig. 3A.1), such as pyrimethamine 3 or trimethoprim 4 are
potential antimalarial drugs. Minoxidil 5 can act as powerful antihypertensivum whereas
sulfadiazine 6 is one of the chemotherapeutics containing a pyrimidine moiety [1].
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Fig. 3A.1: Structures of some bioactive pyrimidines

In earlier chapter we discussed about broad spectrum of biological activities of
synthetic and natural pyrimidinone derivatives which include anticancer, anti-

inflammatory, analgesic, anticonvulsant, antihelmintic, anti-allergic activity, calcium
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channel modulators, ai,-adrenergic receptor antagonists, mitotic kinesin inhibitors, and
hepatitis B virus replication inhibitors [1, 2]. The well-known Biginelli 3,4-
dihydropyrimidin-2(1H)-ones (DHPMs) are chemical precursors of multifunctionalized
pyrimidines which are known for more than a century [3] prepared from the
multicomponent reactions of aldehydes, p-ketoester and urea or thiourea molecules
using acid catalyst as discussed in Chapter 2B. The wide spectrum of biological
activity allows consideration of the dihydropyrimidin structural unit as one of the most
drug-like scaffolds. However, there has been a lack of methodology to efficiently
convert the Biginelli DHPMs to pyrimidines [4-6]. In this section, we have included a
literature survey of various routes for conversion of the Biginelli DHPMs to
multifunctionalized pyrimidines till date.

The most reported methods utilize a four step process to realize such a chemical
transformation. The Biginelli DHPMs are sequentially dehydrogenated, tautomerized,
activated and coupled with a nucleophile. Dehydrogenation of the Biginelli DHPMs is
known to be exceedingly difficult [7-9]. The sensitivity of the methyl group at the C-6
position to some oxidizing agents such as SeO, and the inertness of the DMPM ring
toward a variety of oxidizing agents make the dehydrogenation very trouble. In the
conversion of DHPMs to 2-substituted pyrimidines, the four step processes also include
chlorination or sulfonylation reactions followed by coupling with a nucleophile. The use
of toxic and corrosive reagents for chlorination or sulfonylation with sensitive
functionalities at high temperature could be problematic if the sequential reactions are
attempted in one pot [4-6]. Only few reports described the efficient conversion of
Biginelli DHPMs units to pyrimidine derivatives through dehydrogenation reaction [7-
9].

Many attempts to oxidize (i.e. dehydrogenate) DHPMs (Scheme 3A.1) with a
number of different oxidation reagents and conditions failed. These DHPMs appeared to
be quite stable towards NaNO; in acetic acid [10], pyridinium chlorochromate [10],
ceric ammonium nitrate [11], MnO, [12-15], KMnO, /clay [16], chloranil and DDQ [17,
18].
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Scheme 3A.1: Unsuccessful attempt for oxidation of Biginelli 3, 4-

dihydropyrimidinones

On the other hand, 1, 4-dihydropyrimidines readily dehydrogenated under most
of the above conditions to yield the desired pyrimidines, or in some cases dealkylated
(i.e. C4-unsubstituted) pyrimidine (Scheme 3A.2) [8].
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Scheme 3A.2: Dehydrogenation of 1, 4-dihydropyrimidines

Puchala et al. [9] explored the oxidative dehydrogenation of substituted 3,4-
dihydro-2-pyrimidones (DHPMs) to 2-pyrimidinones in moderate to good yields using
50-65% of nitric acid at 0 °C (Scheme 3A.3). In contrast, reaction of one model DHPM
with 60% nitric acid at 50 °C led to highly stable nitrolic acid, involving a formal

nitration, nitrosation, and dehydrogenation step (Scheme 3A.4).
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Scheme 3A.3: Dehydrogenation of substituted 3, 4-dihydro-2-pyrimidones (DHPMs) to

2-pyrimidinones
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Scheme 3A.4: Conversion of DHPM to nitrolic acid

The lower solubility, steric effects of various substituents and electron deficient
nature of phenyl rings of DHPMs mainly controlled the rate of dehydrogenation

reactions.

Shanmugam et al. [19] overcomed the above mentioned limitations of DHPMs
oxidation by the cerric ammonium nitrate (CAN) solution in water at room temperature
stirring for 12 h with varieties of DHPMs.

Yamamoto et al. [20] in 2005, introduced a mild, practical procedure for
oxidative dehydrogenation of dihydropyrimidinones and most dihydropyrimidines with
catalytic amounts of a Cu salt, K,CO3, and tert-butylhydroperoxide (TBHP) as a
terminal oxidant in dichloromethane for 15-24 h (Scheme 3A.5). A mechanistic
proposal involves coordination of the metal catalyst to NH moiety, followed by

oxidative elimination of the resulting metal complex.
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Scheme 3A.5: Oxidative dehydrogenation of dihydropyrimidinones

Matloobi et al. in 2007 [21] described an efficient and rapid microwave-assisted
solution-phase method for the synthesis of 2-amino-4-arylpyrimidine-5-carboxylic acid
derivatives involving a five-step linear conversion of Biginelli DHPMs via S-
methylation, aromatization, sulfide oxidation and nucleophilic substitution (Scheme
3A.6). The initially formed dihydropyrimidine-2-thiones are converted to 2-

methylthiodihydropyrimidines in presence of Mel. The products obtained from this step
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oxidized first with manganese dioxide and then with oxone to provide 2-methylsulfonyl-
pyrimidines which serve as excellent precursors for the generation of a variety of 2-
substituted pyrimidines via displacement of the reactive sulfonyl group with nitrogen,
oxygen, sulfur, and carbon nucleophiles. The oxidation steps required longer time at
room temperature reaction for the model reaction in organic solvent like DCM and
MeOH/water (Scheme 3A.7). They also utilized a modified protocol using a solid-phase
method in the same report.
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Scheme 3A.6: Four-step conversion of Biginelli DHPMs to 2-amino-4-arylpyrimidines
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Scheme 3A.7: Detail procedure for conversion of dihydropyrimidine-2-thiones to 2-
substituted pyrimidines

The oxidative dehydrogenation method was also successfully employed with 4-
Alkyl by [22]

(diacetoxyiodo)benzene under mild reaction conditions to the corresponding pyrimidine

or aryl-1,4-dihydropyrimidines Karade et al using
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derivatives in good to excellent yields (63-81%) for 1 h reaction at room temperature in
dichloromethane (Scheme 3A.8). The optimized conditions for the oxidative
aromatization of 2-methylthio-1, 4-dihydropyrimidine requires four or five equivalents
of Mn(OAc); or MnO;, respectively under different reaction conditions [21, 23].
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Scheme 3A.8: Dehydrogenation of 4-alkyl or aryl-1, 4-dihydropyrimidines to
pyrimidine derivatives reported by Karade et al.

Wang et al. in 2013 reported a simple iodine mediated S-N or C-N cross-
coupling and oxidative—aromatization of 3, 4-dihydropyrimidine-2(1H)-thiones with a
secondary amine [4] (Scheme 3A.9). Remarkably the C-N coupled product was

obtained via a desulfitative coupling-aromatization reaction in one-pot reaction.
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Scheme 3A.9: Conversion of 3, 4-dihydropyrimidine-2(1H)-thiones to pyrimidines as
reported by Wang et al.

Kang et al. in 2005 [24] described an efficient two-step procedure to convert the
Biginelli 3, 4-dihydropyrimidin-2(1H)-one to different multifunctionalized pyrimidines
involving the Kappe dehydrogenation and a new mild PyBroP-mediated coupling with
C, N, O, and S nucleophiles, which provides a readily accessible multifunctionalized
pyrimidine template for diversity oriented synthesis at room temperature during 24-72 h
reaction in 2™ step (Scheme 3A.10).
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Scheme 3A.10: Conversion of Biginelli 3,4-dihydropyrimidin-2(1H)-one to different

multifunctionalized pyrimidines

Hayashi et al. [25] developed an efficient oxidative transformation of 3,4-
dihydropyrimidin-2(1H)-thiones to disulfide in the presence of activated carbon under
an oxygen (or air) atmosphere during 36-67 h reaction time under reflux condition in
xylene (Scheme 3A.11).
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R2 N/&S Xylene, 140 °C R2 N/)\S/S R?
H
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Scheme 3A.11: Oxidation of functionalized 3,4-dihydropyrimidin-2(1H)-thiones

Gholap et al. [26] developed a four step protocol for synthesis of diversely
substituted novel pyrimidines. A series of chlorinated pyrimidines were synthesized
from easily available Biginelli 3, 4-dihydropyrimidin-2(1H)-ones via dehydrogenation,
chlorination (Scheme 3A.12). The chlorinated pyrimidines were utilized to the
conditions normally employed for palladium catalyzed C-C Suzuki/Sonogashira
coupling reactions to obtain C- phenyl pyrimidines. They also found these molecules

with excellent in vitro antifungal and antibacterial profiles.
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Reagents and conditions: (i) ILs, 30 °C,40-90 min; (ii) Ceric ammonium nitrate(CAN), acetone,
NaHCO; -5 °C to r.t., 12h, 70-92%; (iii) N,N-dimethylaniline, POClIj, reflux, 12h, 68-82%; (iv)
(4a-4h) Boronic acid, Pd(OAc)s, PPh; satd. ag. solution of Na,COs-dioxane (4:6 v/v), 110 °C, 3-
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Scheme 3A.12: Preparation of diversely substituted novel pyrimidines reported by
Gholap et al.

Liang et al. [27] oxidized 3, 4-dihydropyrimidin-2(1H)-ones (DHPMs) with 1.2
equiv. of nitrosonium tetrafluoroborate (NO'BF;) to pyrimidin-2(1H)-ones in

acetonitrile at room temperature in high yields (Scheme 3A.13).
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Scheme 3A.13: Oxidation 3, 4-dihydropyrimidin-2(1H)-ones (DHPMs) to pyrimidin-
2(1H)-ones

Wang et al. [28] converted Biginelli 3,4-dihydropyrimidin-2(1H)-one to various
C2-multifunctionalized pyrimidines via the dehydrogenation and Mitsunobu reaction

using amines, alcohols, phenols and carboxylic acids as nucleophiles (Scheme 3A.14).
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Scheme 3A.14: Preparation of C2-multifunctionalized pyrimidines

Singh et al. [29] developed a three step transformation of DHPMs to pyrimidines
bearing amine substituents at C-2 position according to reaction Scheme 3A.15. The
methodology has the potential for incorporation of tailor-made substituents at the C-2
position of DHPMs in a synthetically useful manner. The compounds were found to
possess structure dependent cytostatic activity, these were not found to be efficient
inhibitors of Mycobacterium tuberculosis nor did they inhibit a broad variety of DNA or

RNA viruses in cell culture.
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Scheme 3A.15: Synthesis of 2-substituted 5-carboxylate derivatives

Most of the reported methods are carried out in several steps at high temperature
reaction with isolation of various reaction intermediates formed in different steps. Some
of the steps require longer reaction time to produce good yield of products. In this
context, we decided to design a simpler and environmentally benign efficient one pot
sequential multistep route for conversion of Biginelli DHPMs to 2-aminopyrimidine

derivatives pyrimidines under mild reaction conditions.
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Chapter 3B

Development of heterogenized hybrid catalyst of 1-sulfonic
acid-3-methyl imidazolium ferric chloride over NaY zeolite
and their utilization in one-pot synthesis of 2-amino-4-

arylpyrimidine derivatives: A viable approach
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CHAPTER 38

3B.1. Results and discussion

In this section, a new series of acidic hybrid material of NaY zeolite were
synthesized by modifying the zeolite surface with an acidic ionic salt: 1-sulfonic acid-3-
methyl imidazolium ferric chloride ([Msim][FeCl4]) via wet impregnation method. The
NaY zeolite powder and [Msim][FeCl,] were mixed in six different weight/weight ratios
(such as 0.03, 0.05, 0.1, 0.2, 0.5 & 1) using a few drops of EtOAc. These composites
were fully characterized by Powder XRD, FT-IR, Raman, TGA, SEM-EDX, TEM,
BET, ICP-OES and Hammett acid strength measurement methods. After observing their
structural changes, thermal stability and Hammett acidity, the catalytic activity of the
composites were examined for the novel one-pot consecutive transformation of Biginelli

3, 4-dihydropyrimidin-2-(1H)-ones to 2-amino-4-arylpyrimidines (Scheme 3B.1).

O O HaN-
X
o, ~ Ao,
1 =
+
CHO H3;CH,COOC NH NO, H;CH,COOC
X room tempearture/ neat | /&
X—— 3mg of HC™ N O HsC
P . g 3
[Msim][FeCl,]/NaY=0.1(Cat.)
2
+ 5
0]
PIq Where X=electron withdrawing or donating groups
H,N™ "NH,
3

Scheme 3B.1: General route for synthesis of 2-amino-4-arylpyrimidine derivatives (5)
Powder XRD analysis

The powder XRD patterns of NaY and modified zeolite composites (Fig. 3B.1)
support the preservation of zeolite framework up to the w/w ratio of 0.2. Above that,
complete destruction of the framework occurs which can be attributed for acid induced
dealumination of Y-zeolite at 150 °C to maximum amount of extra framework
aluminium species (EFAI) in presence of higher loaded (0.5 & 1) -SOzH containing
[Msim][FeCl,] ionic solid [1-4]. A small peak was observed at 20 = 45.13° for all
composites which becomes prominent for e (0.2), f (0.5) and g (1) composites. Partial
ionic interaction between Fe species and zeolite framework could also occur during
impregnation and was found to be more effective beyond [Msim][FeCl,]/NaY=0.2 ratio.
The extra peak centered at 26=45.13° matches well with the XRD database of FeCl;
(JCPDS card no. 770999) and represents the attachment of [FeCl,]" species with the
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zeolite surface. On modification, the crystallinity of the zeolite particles decreases and it
has a direct correlation with loading percentages. This implies that partial dealumination
transforms a portion of crystalline zeolite into amorphous state along with preservation
of significant fraction of crystallinity in the Fig. 3B.1 up to 0.2 (e) loading of
[Msim][FeCl,] salt [5].
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Fig. 3B.1: Powder XRD spectrum of the parent and modified NaY zeolite sample;
a:Nay, b:[Msim][FeCl,;]/NaY=0.03, c:[Msim][FeCl4]/NaY=0.05,
d:[Msim][FeCl;]/NaY=0.1, e:[Msim][FeCl;]J/NaY=0.2, f:[Msim][FeCl;]/NaY=0.5,
g:[Msim][FeCl;]/NaY=1

The relative crystallinity difference between modified samples and the parent
zeolite were compared by taking four high intensity peaks at 20 = 15.3°, 23.48°, 26.85°
and 31.05°. An informative Table 3B.1 is generated and it is illustrated in Fig. 3B.2.

Table 3B.1: Comparison of the percent crystallinity of modified samples with the parent

zeolite
20 Relative intensity
values | NaY | [Msim][FeCl4]/ | [Msim][FeCl,] | [Msim][FeCls)/ | [Msim][FeCl4])/
NaY=0.03 /NaY=0.05 NaY=0.1 NaY=0.2
15.3 | 100 78.69 725 67.8 39.38
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23.48 | 100 97.32 78.74 77 58.06
26.85 | 100 99.63 87.77 74.4 56.21
31.05 | 100 73.08 69.47 62.72 46.20
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Fig. 3B.2: Comparison of the percent crystallinity of modified samples with the parent

zeolite

FT-IR analysis

FT-IR spectra of the parent and the modified samples were recorded and
represented in Fig. 3B.3 in the region 400-1800 cm™. The 0.2(e) loaded sample shows
optimum dealumination state, without a significant change of basic vibrational
frequencies of NaY zeolite like powder X-ray analysis (Fig. 3B.1) [6]. The sharp band
in the region of 1638-1642 cm™ for all composites can be considered for bending
vibration of water molecules attached to the zeolite structure including —C=N- stretching
vibration of imidazolium cation of ionic salt [7]. The O-H stretching vibration at 3459
cm™ for parent zeolite shifts its position to 3441 cm™ with an intense peak for the
composite [Msim][FeCl,}/NaY= 1(g) and this represents the existence of strong

hydrogen bonding within the composite involving hydroxyl group [8].
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Fig. 3B.3: FT-IR spectra of the parent as well as modified NaY zeolite samples, where
a:Nay, b:[Msim][FeCl,]/NaY=0.03, c:[Msim][FeCl4]/NaY=0.05,
d:[Msim][FeCl,]/NaY=0.1, e:[Msim][FeCl;]J/NaY=0.2, f:[Msim][FeCls]/NaY=0.5,
g:[Msim][FeCl;]/NaY=1

The framework sensitive double-ring vibration peak at 577 cm™ of NaY
observed around 578-579 cm™ for the composites of 0.03(b), 0.05(c), 0.1(d) and 0.2(e).
The other characteristic frequencies of NaY zeolite, corresponding to bending,
symmetrical and asymmetrical stretching vibrations of TO4 (Si or Al) building units
have been displayed at 455-458 cm™, 721-793 cm™ and 1019-1143 cm™ for the above
four composites [9]. The strong S-O symmetric and asymmetric stretching and bending
vibrations of ionic salt at 1222 cm™, 1075 cm™ and 618 cm™ are also overlapping with
the above fundamental vibrations of TO, unit of NaY zeolite [7].The characteristic
absorption peaks of the composites almost disappeared for 0.5 (f) and 1 (Q)
[Msim][FeCl;]/NaY samples which can be accounted for destruction of the parent
zeolite framework by rapid acid mediated dealumination process in these two samples to
form large amount of non-framework Al species such as AI(OH)," or AlIO™ etc. [10,
11].

From the above discussion of IR studies, we can assume that the modified
samples have some extra framework species of aluminosilicate and silica gel formed by
partial or complete destruction of the parent framework during preparation of

[Msim][FeCl,] loaded composites with NaY. Furthermore, the identical FT-IR spectra
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of four composites (b, ¢, d & e) and NaY (a) represents insufficient dealumination

inside the framework in presence of less amount of acidic salt [12].

The recorded FT-IR spectra (Fig. 3B.4) of [Msim][FeCl4]/NaY=0.1 sample after
calcination at 250 °C, 350 °C and 450 °C also witnessed complete intactness of
characteristic bands of the fresh 0.1 (d) composite within 400-1800 cm™. This
observation supports the thermal stability of this composite with small portion of non-
framework Al species in solid state [13, 14]. On the other hand, the intensity of O-H
bending peaks gradually reduced at high temperature calcination which indicate the loss
of some hydroxyls associated with the 1641 cm™ band up to 450 °C (Fig. 3B.5).
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Fig. 3B.4: FT-IR spectra of the sample; [Msim][FeCl;]/NaY=0.1 calcined at 250 °C,
350 °C and 450 °C
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Fig. 3B.5: FT-IR spectra of bending vibrations of H,O molecules for 0.1(d) (Fresh &

calcined at different temperatures)

3B5



CHAPTER 3B

SEM-EDX analysis
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Fig. 3B.6: SEM images of (hNay, (iD[Msim][FeCl4]/NaY=0.2,
(ii)[Msim][FeCl4]/NaY=0.1, (iv) EDX profile for [Msim][FeCl4]/NaY=0.1 composite

Fig. 3B.6 displays the SEM images of NaY zeolite, 0.1 (d) and 0.2 (e)
[Msim][FeCl;]/NaY composites. Both the size and uniformity of the particles decrease
on modification. Originally the parent NaY zeolite has cube like large particle structure.
The change in surface morphology for the loaded materials depicts the anchoring of
ionic solid on the surface of zeolite as smaller size cube type particles. They form more
aggregation in case of w/w ratio of 0.2 than 0.1. This may convert the surface of
[Msim][FeCl;]/NaY=0.2 composite to non-uniform in nature and decreases the number
of acidic sites for catalytic performance.

The EDX spectra of the [Msim][FeCl;]/NaY=0.1 composite confirmed the

presence of constituent elements of the ionic solid along with the zeolite.
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TEM analysis

0.2 pm 200 nm

200 nm

(b) (d)
Fig. 3B.7: TEM images of [Msim][FeCl;]/NaY=0.1 composite

The TEM imaging was carried out for the [Msim][FeCl;]/NaY=0.1 composite
zeolite at high resolution (Fig. 3B.7). These images proved that in the composite the
crystallinity of basic NaY zeolite was preserved as observed in the PXRD pattern in Fig.
3B.1. No significant damages were detected on the hexagonal structure of NaY zeolite
[15]. The TEM images also supported the accumulation of [Msim][FeCl,] salt as
clusters on the external surface of zeolite in (c) and (d) similar to the SEM images (Fig.
3B.6).
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BET analysis

Table 3B.2: Textural properties of NaY and the composites

Entry Sample name Surface area Pore Volume
(m°/g) (cm/g)
1 NaY 900 0.32
2 [Msim][FeCl,;]/NaY=0.03 9 0.01
3 [Msim][FeCl,;]/NaY=0.05 16 0.01
4 [Msim][FeCl;]/NaY=0.1 30 0.05
5 [Msim][FeCl,;]/NaY=0.2 38 0.03

Table 3B.2 shows the BET surface area and pore volumes of NaY and four
[Msim][FeCls]/NaY composites. The composites displayed abrupt decrease of surface
area as compared to NaY. This may be attributed to mostly non-porous coverage of
zeolite surface by the ionic solid and can lead to restricted access to the zeolite pores for
adsorption of N gas. Interestingly, we also observed opposite trend for gradual increase
of surface area and pore volume with increase in the percentage loading (entry 2-5,
Table 3B.2). This trend can be supported by the phenomenon of more clustering of
ionic solid on the zeolite surface as the loading increases, which was also further
confirmed from SEM photograph (Fig. 3B.6). Such types of clusters formation indicate
the non-porous coverage of zeolite surface through deposition of more ionic solids. It
may create some porous host points into which the N, gas prefer to adsorb and thus it
was reflected as increasing surface area in BET analysis in Table 3B.2 against increase

in the loading of ionic solid [16].
Thermo gravimetric (TGA) analysis

Thermo gravimetric analysis was conducted to compare the overall thermal
stability of NaY, [Msim][FeCl4] and various composites of [Msim][FeCl;]/NaY (Fig.
3B.8). The small weight loss steps of NaY(a) and the composite materials 0.03(b) and
0.1(d) around 200 °C can be assigned to elimination of physisorbed or bound water
attached to Na" of the parent framework (or hydrated cation for the modified samples)
[17]. The amount of such water is more for the NaY (a) framework. For (b) and (d)

samples, the number of Al content slightly decreases through partial exchange of proton
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with Na* which converts only a small fraction of the crystalline structure into non-
framework Al species due to lower percentage of -SO3H functionalized [Msim][FeCl,]
salt. It was found in some observations that appearance of EFAI brings a stabilizing
effect to the modified zeolite framework by healing of Al defects with migrating H4SiO4
molecules [18].
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Fig. 3B.8: TGA profiles of parent zeolite and modified samples: (a) NaY; (b)

[Msim][FeCl;]/NaY= 0.03; (d) [Msim][FeCl;]/NaY= 0.1; (f) [Msim][FeCl;]/NaY= 0.5;

(9) [Msim][FeCls])/NaY=1; (h) [Msim][FeCl4]

Therefore, as compared to the parent zeolite, the modified samples (b & d)
display smaller weight loss up to 200 °C. The moderate release of water molecule for
0.1 (d) composite with partial change of the basic TO, frequencies (Fig. 3B.3) can also
be evidenced from the comparative O-H bending vibration peak intensity observation at
high temperature calcinations (Fig. 3B.5). Above 200 °C no significant weight loss was
observed for these two samples 0.03 (b) and 0.1 (d) which can be speculated for
probable ionic interaction of FeCly” anion complex of Na® exchanged ionic salt with
partial Lewis acidic sites of the extra framework species such as Al"(OH).. As the
loading of ionic solid increases from 0.5 (f) to 1 (g), the weight loss below 100 °C
becomes rapid (approximately 15%) for the composite 1(g). At the same time, as
evident from PXRD and FT-IR patterns, this composite witnessed the highest

dealuminated state, so we cannot exclude the possibility of water loss below 100 °C
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both from the hydrated cations and dehydroxylation of Al defects consisting of four
silanols (Si-OH) [19].The loss of water at 50 °C for the above sample (g) was further
confirmed from the sudden drop of peak intensity for O-H stretching vibration around
3441 cm™ with two calcined samples at 50 °C and 100 °C (Fig. 3B.9). The two onset
decomposition points for [Msim][FeCl,] ionic solid at 115-150 °C are enhanced to 170
°C in case of (b) and (d) and it raised to 200 °C for (f). The composite (f) witnessed
gradual weight loss from 200 °C to 600 °C. A weight loss correlation table (Table 3B.3)

for the hybrid catalysts was constructed.

Table 3B.3: Weight loss correlation with loading from TGA graph

Sample code name wi/w loading Temperature(°C) Weight loss (%)
b 0.03 200 15.9
d 0.1 -do- 15.6
f 0.5 -do- 13.3
g 1 -do- 14.4
0_40_- Fresh sample

Calcined at 50°C
Calcined at 100°C

0.35-

0.30

Intensity (a. u.)

0.15+

] b T " T b T . T Ll T = 1
2800 3000 3200 3400 3600 3800 4000

Wavenumber(cm'])

Fig. 3B.9: FT-IR spectra of OH stretching frequencies for 1(g) (Fresh & calcined at

different temperatures)

3BJ10



CHAPTER 38

Raman analysis

The Raman spectra for NaY and three composites are presented in Fig. 3B.10.
The most intense peak for NaY zeolite was detected at 500 cm™ and is characteristics of
the T-O-T bending vibration where T denotes Si or Al atoms of zeolite frameworks [20,
21]. For the composites, a broad shoulder at 337-341 cm™ was detected, which is
exclusive proof of the presence of the ionic solid on the NaY zeolite surface [7].The

shoulder became prominent with increase in loading.

Intensity (a.u.)

200 300 400 500 600
Raman shift (cm™)
Fig. 3B.10: Comparison of the Raman spectra of (a)NaY; (b)[Msim][FeCl;]/NaY=0.03;
(c)[Msim][FeCl4]/NaY=0.05; (d)[Msim][FeCl,]/NaY=0.2

Acidity determination by Hammett plot

The relative acidity of the composites was determined on an UV-Vis
spectrophotometer with Hammett plots (Fig. 3B.11a-11c) using p-nitroaniline as the
basic indicator [22] by following the same method as described in Chapter 1C. The
procedure required mixing of equal concentration of 4-nitroaniline (5 mg/L, pKa=0.99)
and catalyst (equal amounts of all) in ethanol solution. The indicator showed maximum
absorbance at 378 nm in ethanol. The Hammett plot (Fig. 3B.11a) expressed the
following decreasing acidity order of the four modified zeolite samples against their
observed H® values as (Table 3B.4): [Msim][FeCl;]/NaY=0.1(d)>
[Msim][FeCl,]/NaY=0.05(c) [Msim][FeCl;]/NaY=0.03(b)>[Msim][FeCl,]/NaY=0.2(e).
The formation of more clusters in case of (¢) as supported by SEM analysis may block

the active sites of the composites for interaction with the basic indicator and it leads to

3B|11



CHAPTER 38

decrease in the acidity of (e) as compared to (d). The powder XRD profile also indicates

the destruction of the zeolite structure above w/w ratio of 0.2.

Table 3B.4: Calculation of the Hammett Function of the modified zeolite samples with

equal concentration of composites and indicator

Entry Sample name® Annax [1]% [1H]% HP
1. Blank 2.493 100 0 -
2. | [Msim][FeCl,J/NaY=0.03 | 1.256 50.4 49.6 0.997
3. | [Msim][FeCl,/NaY=0.05 | 1.244 49.9 50.1 0.988
4. [Msim][FeCl,J/NaY=0.1 | 1.209 48.49 51.51 0.964
3 [Msim][FeCl,J/NaY=0.2 | 1.311 52.59 47.40 1.035

®Indicator=p-nitroaniline

Absorbance

0.0

300 400 500
Wavelength(nm)

Fig. 3B.11a Hammett plots of the hybrid materials of zeolite samples by mixing equal
concentration of indicator and composites: (b) [Msim][FeCl;]/NaY=0.03; (c)
[Msim][FeCl;]/NaY=0.05; (d)[Msim][FeCl;]/NaY=0.1; (e) [Msim][FeCl;]/NaY=0.2.

To determine the effect of composite concentration on Hammett acidity, we also
evaluated the acidity of the four composites in two different ratios (1:4 and 2:3) by
altering the concentration of p-nitroaniline and composites respectively which produced
two identical Hammett plots (Fig. 3B.11b and Fig. 3B.11c). Both the plots revealed the
same acidity order (Table 3B.5 & Table 3B.6) as observed from the Hammett plot

(Table 3B.4) of equal concentration of the composites and indicator. With increasing
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concentrations of the composites the unprotonated form of the basic indicator showed
lower absorbance values.

Table 3B.5: Calculation of the Hammett Function of the modified zeolite samples with
1:4 ratio of the composites and indicator

Entry Sample name? Amax [11% [1H]% H°
1. Blank 0.237 100 0 -
2. [Msim][FeCl,]J/NaY=0.03 | 0.092 38.8 61.2 0.792
3. [Msim][FeCl,]/NaY=0.05 | 0.079 333 66.7 0.689
4. [Msim][FeCl,]/NaY=0.1 | 0.063 26.6 734 0.549
5. [Msim][FeCl,]/NaY=0.2 | 0.125 52.7 47.3 1.037

®Indicator=p-nitroaniline

0.3

Absorbance(a.u.)

0.0

300 350 400 450

Wavelength(nm)
Fig. 3B.11b: Hammett plots of the hybrid materials of zeolite samples by mixing 1: 4
[Msim][FeCl;]/NaY=0.03; (c)
[Msim][FeCl;]/NaY=0.05; (d)[Msim][FeCl;]/NaY=0.1; (e) [Msim][FeCl;]/NaY=0.2.

ratio of indicator and composites: (b)

Table 3B.6: Calculation of the Hammett Function of the modified zeolite samples with

2:3 ratio of the composites and indicator

Entry Sample name? Amax [11% [1H]% H°
1. Blank 0.237 100 0 -
2. [Msim][FeCl,]/NaY=0.03 | 0.110 46.4 53.6 0.927
3. [Msim][FeCl,]/NaY=0.05 | 0.106 44.7 55.3 0.897
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4. [Msim][FeCl,J/NaY=0.1 | 0.103 435 56.5 0.876

5. [Msim][FeCl,]/NaY=0.2 | 0.155 65.4 34.6 1.267

®Indicator=p-itroaniline

Absorbance(a.u.)

0.0

T v T T T T T
300 350 400 450
Wavelength(nm)

Fig. 3B.11c: Hammett plots of the hybrid materials of zeolite samples by mixing 2:3
ratio of indicator and composites: (b) [Msim][FeCl,]/NaY=0.03; (c)
[Msim][FeCl;]/NaY=0.05; (d)[Msim][FeCl;]/NaY=0.1; (e) [Msim][FeCl;]/NaY=0.2

Evaluation of catalytic performance
Optimization of the reaction condition

The acidic scale of the four composites with w/w ratio up to 0.2 has been
determined through the Hammett plot. Due to small difference in acidity, we decided to
test the catalytic activity of all of them. From the time frame required for completion of
the reaction, the [Msim][FeCls]/NaY=0.1 hybrid composite was chosen as the best
acidic catalyst for the two-step one pot model synthesis of pyrimidine derivatives via in
situ generation of Biginelli DHPMs from three component reaction of ethyl acetoacetate
(2 mmol), benzaldehyde (1mmol) and urea (1.5 mmol) followed by reaction with 2,4-
dinitrophenyl hydrazine (1 mmol) (Table 3B.7, entries 1-4). The catalytic activity of the
composite was tested by varying the amount of catalyst (3/5/10/15 mg) at 60 °C in neat
condition. Irrespective of the amount of the catalysts, the first step of reaction completed
within 5-10 min without solvent at 60 °C as monitored by TLC plate (Table 3B.7,

entries 3, 5-7). By conducting the reaction at room temperature, it has been observed
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that only 3 mg of catalyst is sufficient to produce 3, 4-dihydropyrimidinone exclusively
in 30 min (Table 3B.7, entry 8). However, no product formation was observed for the
second step at room temperature. At 60 °C, 65-75% vyield was observed for the second
step in around 5-25 min duration using different amounts of the catalyst (3/5/10/15 mg)
(Table 3B.7, entries 3, 5-7). Therefore, we decided to carry out the 2nd step at 80 °C
and it gave improved result. Almost 87% vyield was observed in 10 min (Table 3B.7,
entry 8).We have also checked the utility of this catalytic system for industrial scale
reactions by performing the same reaction on 20 mmol scale. We are pleased to report
here that the composite was able to maintain its activity at that scale under the optimized
conditions and has successfully completed the reaction within 10 minutes in 2nd step.

Table 3B.7: Optimization study for the one pot synthesis of pyrimidine derivatives

Entry Catalyst Amount of 1st step 2nd step | % Yield?
the Time(min) | Time(min) 5a
catalyst(mg)

1. [Msim][FeCl,]/NaY=0.03 15 7 10 72
2. [Msim][FeCl,]/NaY=0.05 15 5 10 73
3. [Msim][FeCl,]/NaY=0.1 15 3 5 75
4. [Msim][FeCl,]/NaY=0.2 15 10 15 70
5. [Msim][FeCl,]/NaY=0.1 10 5 12 70
6. -do- 5 10 20 68
7. -do- 3 10 25 65
8. -do- 3 30 10 87"

®Reactions were conducted at 60 °C for entries 1-7 in each step; b The 1st step was performed at room

temperature and 2nd step at 80 °C for entry 8.

Substrate study and plausible mechanism for the sequential conversion of DHPMs to

2-amino-4-arylpyrimidines (5)

By utilising the above optimized conditions, various pyrimidine derivatives were
synthesized from 3, 4-dihydropyrimidinone derivatives obtained through the three
component reaction of various aryl aldehydes with ethyl acetoacetate and urea and then
condensation with 2, 4-dinitro phenyl hydrazine in acidic medium at high temperature.
These results are included in Table 3B.8. From this table, we can infer that the nature of

various electron donating or withdrawing group containing aryl group at C-4 position of
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3, 4-dihydropyrimidinones didn’t influence the reaction rate. All the reactions yielded
80-87% of pyrimidine product in 2nd step within 10-15 min at 80 °C. The 2nd step may
proceed through activation of carbonyl group for condensation with 2, 4-dinitro phenyl
hydrazine in presence of the acid catalyst to form the hydrazone derivatives as reaction
intermediate (Scheme 3B.2). Under the reaction condition, this intermediate can
undergo acid catalyzed aromatization reaction to 2-amino-pyrimidine derivatives with
expulsion of 2, 4-dinitroaniline as side product.

Table 3B.8: Synthesis of pyrimidine derivatives using [Msim][FeCls]/NaY=0.1
composite as catalyst

Entry Aldehyde Time(min) Yield(%) M.P. (°C)
2 Step I Step 1I° 5 5
4 5)
1 CeHs 2a 10 10 87 5a 214.7-217.3
2 4-MeOCg¢H,4 2b 15 10 84 5b 204.8-207.2
3 4-NO,CgH4 2c 10 10 82 5¢ 215.4-217.5
4 4-MeCgH,4 2d 15 10 85 5d 227.6-229.4
5 2-Naphthyl 2e 20 10 80 Se 163.1-164.0
6 4-HOCgH, 2f 10 10 83 5f 97.4-97.9
7 3,4,5-(MeQ)3CsH; 10 10 82 5¢ 158.1-160.5
29

®Reactions were performed at 60 °C using 3 mg of 0.1 composite as catalyst with the mixture of ethyl
acetoacetate(1), aromatic aldehyde(2) and urea(3); °2,4-Dinitrophenyl hydrazine was added and heated the

crude mixture at 80 °C.
Spectral analysis of 2-amino-4-aryl pyrimidine derivatives (5)

The structures of new 2-amino-4-aryl pyrimidines 5 were confirmed from the *H
NMR, C NMR, FT-IR and CHN analysis data. Furthermore, two pyrimidines 5a and
5d were further studied with COSY, HETCOR and DEPT technique (Fig. 3B.12-14).
The COSY spectra of both compounds shows two off diagonal cross-peaks for the
correlation of triplet at 1.16-1.17 ppm for the -CH3 group with the quartet peak for -
CH,- protons at 4.08 ppm of the ester functionality.
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The HETCOR spectra of these two compounds assigned the positions of methyl
and methylene protons of -COOELt group by their respective cross peaks around 60.0-
60.1 ppm and 14.1-14.2 ppm. Similarly, the C-6 methyl singlet at 2.32-2.33 ppm
supported its existence with a cross peak at 18.6-18.7 ppm in pyrimidine ring of 5a and
5d. The extra methyl substituent present in phenyl ring of 5d expressed a correlation at
21.1 ppm in the aliphatic region.

O O i
H3CMO/\CH3* ArCHO + H,N 3N|-|2
1 2

3mgofc

room temperature Where c: [Msim][FeCl ]/NaY 0.1

Ar
N HSCHZCOOCILNH H No2 H3CHZCOOC NO
HiCH,C00C_ § ey 2
HsC N’ %QQ'
HsC ) 3
Ehg! H,0 NO, @
NH
NO,
NH,
NO, NO,

) Ar H
H,CH,COOC 1 H, NO,

H.CH,COOC r NOZ
1CH, IL HiCH,CO0C. A |
Y N T e HaC
CNH
H

NH, HsC

N
H NO,

Scheme 3B.2: Proposed mechanism for one step conversion of Biginelli pyrimidin-2-

(1H)-one to 2-amino-4-aryl pyrimidine

The DEPT-45° spectra of the two compounds excluded only the peaks for
quaternary carbons while the DEPT-90° spectra indicated the positive signals for -CH-
aromatic carbons. For both compounds, the DEPT-135° spectra confirmed the presence
of one -CH,- group by a negative peak at 4.08 ppm. The same 135° spectra of 5a and 5d
displayed positive signals in aromatic range for the -CH-carbons and aliphatic region for

the -CHj3 groups while no peaks for quaternary carbons.
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Fig. 3B.12: COSY spectra of 5a & 5d
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Recycling of catalyst

The stability of the active species in supported catalysts is of great concern. The
reusability of [Msim][FeCls]/NaY=0.1 composite as catalyst was investigated for the
one pot synthesis of 5a under the optimized conditions on a 5mmol scale reaction. The
filtered catalyst was repeatedly washed with hot EtOH to make it free from traces of the
reaction mixture and then reactivated in vacuum oven at 100 °C for 3 h. The reusability
was found to be quite good and it could be reused up to ten consecutive cycles (Fig.
3B.15) with moderate loss in activity.

100 -
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Fig. 3B.15: Reusability profile of [Msim][FeCl;]/NaY=0.1 composite
Characterization of the used catalyst

The integrity of the used catalyst was checked through FT-IR, Raman spectra
and ICP-OES from 2nd cycle onwards after every alternate cycle. FT-IR spectra of the
reused catalyst after every alternate cycle from 2nd cycle onwards showed clear
evidence of the presence of characteristic bands of the parent zeolite structure as well as
the guest ionic solid species (Fig. 3B.16). However, the peak characteristic of double
ring vibration at 577 cm™ witnessed slight shifting towards high wavenumber from 2™
cycle onwards. From that, we determined the Si/Al ratio of used
[Msim][FeCl,]/NaY=0.1 catalyst from 2" alternate cycle (Table 3B.9) using the IR
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double-ring (vpr) Vvibration values to the empirical relation given by Rischer et al. [23]
with Si/Al = (1-x)/x.

X = 3.857 - 0.00619 vpr (€M 1)---mmmmm--- ()
180
150+ 10" run
g - 8" run
3 120- A
= 6 run
é - h
t
g 901 4" run
= 1 2" run
60
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T T T T I
1500 1000 500

Wavelength(cm'l)

Fig. 3B.16: FT-IR spectra of the used catalyst from 2" cycle onwards after every

alternate cycle

Table 3B.9: Calculation of Si/Al ratio from FT-IR for 0.1(d) (Fresh and reused)

Sample name Wavenumber(cm-1) Si/Al ratio
NaY 577.26 2.52
0.1(d) (Fresh) 578.34 2.60
2" run 578.46 2.61
4" run 578.71 2.64
6" run 578.98 2.66
8" run 579.43 2.70
10" run 579.67 2.72

This table showed the slow leaching of some non-framework Al species to the
solution during repeated washing with hot ethanol and then reactivation in vacuum at
100 °C for several hours up to ten consecutive runs. Simultaneously, the ICP-OES
results (Table 3B.10) also indicated slight loss of Fe content in every alternate cycle

after 2nd run from the complex anion FeCl,". The leaching of some non-framework Al
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species may destabilize the ionic interaction of FeCl,™ anion with the Lewis acidic site of
composite framework. As results, the attached FeCl,” anion leaches out from the
composite to the solution.

Table 3B.10: ICP-OES results of the used catalysts

Entry Cycles Amount of Fe(mg/L)
1. 2" cycle 10.23
2 4" cycle 9.31
3. 6" cycle 7.32
4 8" cycle 6.92
5 10" cycle 6.64

Relative intensity(a.u.)
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(5]
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E

&Y el
20 cycle . ARc

200 300 400 500 600
Raman shift(cm™)

Fig. 3B.17: Raman spectra of used catalyst [Msim][FeCl;]/NaY= 0.1

Raman spectra for the spent catalyst are presented in Fig. 3B.17. The intensity of
the broad peak at 351cm™ indicative of FeCl, species gradually decreases towards the
10th cycle. It clearly agrees with the leaching information obtained from the ICP-OES
study. The respective characterization techniques supports the recyclability diagram for
the catalytic system which expressed gradual leaching after 3rd cycle during the

repeated washing and reactivation process till the tenth cycle.
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3B.2. Conclusion

The hybrid composites were characterized with different analytical techniques
and they denote the successful entrapment of the ionic solid particles above the NaY
zeolite surface. The composite materials are superior in some respects like thermal
stability, recyclability etc. than the sole ionic solid. They synergistically combine the
advantages of both the host and guest components. Loading up to w/w ratio of 0.2 was
found to be the maximum permissible limit. Above this, maximum dealumination
caused by presence of higher amount of [Msim][FeCl,] over the zeolite surface brought
negative effect. The zeolite structure got completely destroyed in case of composites f
(w/w ratio of 0.5) and g (w/w ratio of 1).The [Msim][FeCl;]J/NaY = 0.1 composite
exhibited excellent catalytic activity towards the sequential three component two step
conversion of 3, 4-dihydropyrimidin-2(1H)-one to multifunctionalized 2-amino-4-
arylpyrimidines. The presented methodology proved to be a novel efficient route
towards the development of pyrimidines in less time and would be applicable for the
library synthesis of 2-amino-4-arylpyrimidine derivatives without using any oxidizing

agents and solvents with easy purification.
3B.3. Experimental

General techniques

All chemicals were purchased from different chemical suppliers and used as
received without any further treatment. The prepared composites were dully
characterized via FT-IR, P-XRD, Raman, SEM-EDX, TEM, TGA, ICP-OES and BET
analysis. The syntheized products were characterized via melting point determination,
FT-IR, *H NMR and **C NMR analysis.

Synthesis of NaY supported hybrid catalysts of [Msim][FeCl4](b-g)

[Msim][FeCl,] ionic solid was prepared through a reported procedure [7].The
[Msim][FeCl;] loaded NaY zeolite catalysts were prepared by wet impregnation
method. The following steps have been utilized: (i) the NaY zeolite powder was out
gassed at 600 °C for 3 hour, (ii) [Msim][FeCl,;] and NaY zeolite were mixed well with
six different weight/ weight (w/w) ratios (such as 0.03, 0.05, 0.1, 0.2, 0.5 & 1) of ionic
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solid and NaY zeolite using few drops of distilled EtOAc to ensure complete mixing,
and finally (iii) the mixtures were heated at 150 °C in a vacuum oven for 12 hour.

General procedure for the synthesis of 2-amino-4-arylpyrimidine derivatives 5

A mixture of ethyl acetoacetate (1 mmol), aromatic aldehyde (1 mmol) and urea
(2.5 mmol) was heated in a two necked 50 mL round bottom flask at 60 °C for 10 min
using 3 mg of [Msim][FeCl,] /NaY= 0.1 catalyst. The formation of 3, 4-
dihydropyrimidin-2-(1H)-one was confirmed through thin layer chromatography (TLC)
using EtOAc and hexane (1: 3) as solvent system. After completion of the 1st step, 1
mmol of 2, 4-dinitro-phenylhydrazine was added to the crude mixture along with few
drops of dichloromethane and heated at 80 °C for the specified time. The progress of
2nd step was also tracked with TLC technique using EtOAc and hexane (1: 5) as
developing solvent. The work-up step involved addition of 6 mL of CH,Cl, to the crude
mixture to separate the unreacted DHPMs and catalyst by filtration from the solution of
crude pyrimidine. The catalyst was recovered as solid residue on filter paper from the
hot solution of DHPMs in ethanol. The saturation of dichloromethane (DCM) solution
of pyrimidine at 0 °C precipitated the unreacted 2, 4-dinitro-phenyl hydrazine as red
precipitates. Evaporation of DCM solution yielded the pyrimidine derivatives as solid

residue which was further recrystallized from acetone and methanol solution.

3B.4. Spectral data of 2-amino pyrimidine derivatives

Products Spectral data

Ethyl-2-amino-4-phenyl-6-
methylpyrimidine-5-carboxylate 5a;
H3CH,COOC A~ Orange solid; M.P.(°C): 214.7-217.3; FT-
HsC | N/)\NHZ IR(KBr) cm™: 3425, 3274, 1699, 1624,
(Table. 3B.8, entry 1)) 1505, 1422, 1322, 1220, 1126, 759, 690,
614: '"H NMR (400 MHz, CDCls): & 7.26-
7.31 (m, 5H), 5.81 (s, 2H), 4.08 (9, J=7.4
Hz, 2H), 2.32 (s, 3H), 1.16 (t, J = 7.4 Hz,
3H); *C NMR (100 MHz, CDCl): §
165.8, 153.4, 147.9, 146.4, 130.1, 129.1,
128.8, 128, 127.7, 101.4, 60.1, 18.7, 14.2;
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CHN analysis(%): C14H15N302: Cal. C
65.36, H 5.88, N 16.33; Found C 65.34,
5.92, N 16.30.

OCHj

H3CH,CO0C. A
PN

HsC™ "N~ "NH,
(Table. 3B.8, entry 2)

Ethyl-2-amino-4-(4-methoxyphenyl)-6-
methylpyrimidine-5-carboxylate 5b;
Pink solid; M.P.(°C): 204.8-207.2; FT-
IR(KBr) cm™: 3517, 3243, 3114, 2938,
1713, 1649, 1509, 1459, 1281, 1226,
1175, 1092, 1028, 783; 'H NMR (400
MHz, CDCly): § 7.22 (d, J = 8.7 Hz, 2H),
6.83 (d, J = 8.7 Hz, 2H), 5.81 (s, 2H), 4.08
(q, J = 7.4 Hz, 2H), 3.78 (s, 3H), 2.33 (5,
3H), 1.18 (t, J = 6.8 Hz, 3H); **C NMR
(100 MHz, CDCls): § 165.7, 159.2, 153.4,
145.9, 136.1, 129.3, 127.8, 114.5, 113.9,
101.6, 60.0, 55.1, 18.6, 14.1; CHN
analysis(%): C1sH17N3O3: Cal. C 62.71, H
5.96, N 14.63, Found C 62.68, H 6.03, N
14.57.

NO,

HaCH,CO0C. A
L

HsC” "N~ "NH,
(Table. 3B.8, entry 3)

Ethyl-2-amino-4-(4-nitrophenyl)-6-
methylpyrimidine-5-carboxylate 5¢;
Yellow solid; M.P.(°C): 215.4-217.5; FT-
IR(KBr) cm™: 3469, 3232, 3116, 2978,
1708, 1644, 1522, 1462, 1348, 1298,
1220, 1093, 782; 'H NMR (400 MHz,
CDCl): 5 8.16 (d, J = 8.7 Hz, 2H), 7.46
(d, J=8.7 Hz, 2H), 5.64 (s, 2H), 4.12 (q, J
= 7.3Hz, 2H), 2.46 (s, 3H), 1.02 (t, J =
7.3Hz, 3H); **C NMR (100 MHz, CDCly):
5 165.7, 152.4, 149.9, 147.2, 128.2, 124.4,
98.8, 60.1, 18.3, 14.5; CHN analysis(%):
C14H14N4O4: Cal. C 55.63, H 4.67, N
18.53, Found C 55.58, H 4.72, N 18.49.
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CH;

H3CH,CO0C. A
P

H;C N NH,
(Table. 3B.8, entry 4)

Ethyl-2-amino-4-(4-tolyl)-6-
methylpyrimidine-5-carboxylate 5d;
Dark pink solid, M.P.(°C) 227.6-229.4,
FT-IR(KBr) cm™: 3367, 3247, 3137,
2979, 1708, 1643, 1504, 1462, 1423,
1328, 1224, 1089, 783; 'H NMR (400
MHz, CDCls): 6 7.21 (d, J = 8.3 Hz, 2H),
7.12 (d, J = 8.2 Hz, 2H), 5.76 (s, 2H), 4.08
(9, J = 6.9 Hz, 2H), 2.33 (s, 6H), 1.17 (t, J
= 7.3 Hz, 3H); ®C NMR (100 MHz,
CDCly): & 165.7, 153.4, 148.1, 146.1,
137.7, 130.0, 129.8, 129.4, 127.6, 126.5,
101.5, 60.0, 21.1, 18.6, 14.1; CHN
analysis(%): Ci5H17N3O,: Cal. C 66.4, H
6.32, N 15.49, Found C 66.32, H 6.38, N
15.43.

(Table. 3B.8, entry 5)

Ethyl-2-amino-4-(naphthalen-3-yl)-6-

methylpyrimidine-5-carboxylate 5e;
Yellow solid; M.P.(°C): 163.1-164.0; FT-
IR(KBr) cm™: 3306, 3228, 3101, 2979,
1721, 1617, 1511, 1426, 1333, 1289,
1211, 1087, 1022, 917, 743; 'H NMR
(400 MHz, CDCls): 6 8.31(d, J = 9.4 Hz,
1H), 7.96 (d, J = 9.2 Hz, 1H), 7.77-7.79
(m, 2H), 7.71 (s,1H), 7.47 (d, J = 9.2 Hz,
2H), 5.87 (s,2H), 4.23 (g, J = 7.4 Hz, 2H),
2.17 (s, 3H), 1.31 (t, J = 7.4 Hz, 3H); *C
NMR (100 MHz, CDCls): & 169.4, 165.7,
153.4, 145.0, 138.2, 133.0, 130.1, 128.9,
128.1, 127.7, 126.3, 125.2, 1235, 101.3,
61.5, 18.8, 14.3; CHN analysis(%):
CigH17N3O,: Cal. C 70.34, H 558, N
13.67, Found C 70.26, H 5.64, N 13. 65.
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OH

H3CH,C00C.
L

Hs;C™ "N~ 'NH,
(Table. 3B.8,entry 6)

Ethyl-2-amino-4-(4-hydroxyphenyl)-6-
methylpyrimidine-5-carboxylate 5f;
Light yellow solid; M.P.(°C): 97.4-97.9;
FT-IR(KBr) cm™: 3388, 3308, 2986,
1728, 1617, 1513, 1426, 1336, 1286,
1204, 1128, 1086, 1024, 919, 733; 'H
NMR (400 MHz, CDCls): 5 8.32 (d, J =
7.4 Hz, 2H), 7.95 (d, J = 7.3 Hz, 2H), 4.22
(q, J = 7.4 Hz, 2H), 3.47 (s, 2H), 2.15 (5,
3H), 1.29 (t, J = 7.3 Hz, 3H); *C NMR
(100 MHz, CDCls): 6 169.3, 166.9, 150.8,
145.1, 138.3, 130.1, 129.9, 129.5, 123.5,
116.6, 61.5, 16.2, 14.2; CHN analysis(%):
C14H1sN3O3: Cal. C 61.53, H 5,53, N
15.38, Found C 61.52, H 5.56, N 15.34.

OCHj,4

H,CO OCHj,4
H3CH,COOC. A
L

HsC™ "N~ “NH,
(Table. 3B.8, entry 7)

Ethyl-2-amino-4-(3,4,5-
trimethoxyphenyl)-6-methylpyrimidine-
5-carboxylate 5g; Dark red solid;
M.P.(°C): 158.1-160.5; FT-IR(KBr) cm™:
3429, 3311, 3251, 3104, 2977, 1727,
1617, 1513, 1427, 1336, 1289, 1205,
1127, 1089, 1024, 919, 832, 734; 'H NMR
(400 MHz, CDCls): 6 6.53 (s, 2H), 5.82 (s,
2H), 4.10 (d, J =6.9 Hz, 2H), 3.82 (s, 9H),
2.35 (s, 3H), 1.30 (t, J = 6.9 Hz, 3H); *C
NMR (100 MHz, CDCls): & 169.4, 165.8,
153.4, 153.3, 150.8, 146.2, 130.1, 104.8,
103.5, 101.3, 60.9, 56.1, 55.9, 18.8, 14.3;
CHN analysis(%): Ci7H21N3Os: Cal. C
58.78, H 6.09, N 12.10, Found C 58.76 ,H
6.13, N 12.09.
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