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ABSTRACT
Cyclo addition of benzal acetophenone to mercaptopyrimidine (1) afforded
thiopyranopyrimidine (5). Ethylglycinate (7a) reacted with chloropyrimidine
(6) to produce deazapurine (10) while ethylphenylglycinate (7b,c) yielded
pyrrolopyrimidine (9a,b). The synthesis of pyrimidodiazpen (13) was
achieved from the condensation reaction between compound (6) and
hydrazine derivative (11). The synthesis of pyrimidoquinoline (16),
pyridopyrimidine (21), (24) was also described.
 2014 Trade Science Inc. - INDIA

INTRODUCTION

It was well known that pyrimidine derivatives were
of great biological interest, especially as antimicrobial[1-

4], Anti-HIV[5,6], anti-inflammatory[7,8] and antitumor
agents[9-18]. Fused pyrimidines continue to attract con-
siderable attention because of their great practical use-
fulness, primarly due to very wide spectrum of biologi-
cal activities. This is evident in particular from publica-
tions of regular reviews on the chemistry of systems
where the pyrimidine ring is fused to various hetero-
cycles such as purines, pteridines, quinazolines,
pyridopyrimidines, triazolopyrimidines,
pyrazolopyrimidines, pyrimidoazepines, furopyrimidines
and pyrolopyrimidines. Many simple fused pyrimidines
such as purines and pteridines were biologically active
by themselves[19,20], or were essential components of
very important naturally occurring substances (i.e.,
nucleic acids). Some pteridine derivatives were also
used as anti-leukemic drugs[21], or potassium conserv-

ing diuretics[22]. In addition, several quinazoline alka-
loids exhibit hypnotic[23,24], bronchldilatory[25], and an-
timalarial[26,27] activity. 2-Thiouracils and 6-aryl-2- thiou-
racils were well known for their antimicrobial, antican-
cer and antiviral activities[28-30]. Although chloro/
mercapto pyrimidines were readily obtainable via effi-
cient synthetic routes[31,32]. The utility of these versatile
pyrimidines for the construction of azino and
diazapenopyrimidine has received very limited atten-
tion[33-35]. In conjugation of our effort directed toward
the synthetic potential of chloropyrimidines[36]. The
chemistry of the 4-(mercapto\chloro)-5-
acetylpyrimidine was here reported.

RESULTS AND DISCUSSION

Cycloaddition reaction of mercapto function to ac-
tivated ethenylic compound were well known and docu-
mented[37], they have been widely used in the synthesis
of various heterocyclic systems.
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The starting material, pyrimidinthione (1) was pre-
pared according to literature procedure by reaction of
benzoylisothiocynate and enaminone[38]. In principle,
both nucleophilic nitrogen and thiol of pyrimidinthione
(1) can take part in the cycloaddition reaction with ac-
tivated double bond to form N-adduct (A) or S-ad-
duct (B). In our preliminary report we have shown that
S-adduct of compound (1) is formed upon cyanoethy-
lation reaction.

Thiopyranopyrimidine (5) was synthesized by one
pot of base catalyzed two components reaction of
mercaptopyrimidine with Michael acceptor p-
nitrobenzalacetophenone. Based the absence of ab-

sorption of carbonyl, the expected products (2), (3)
and (4) were ruled out (Scheme 1).

A reasonable mechanism for the construction of
thiopyranopyrimidine derivative (5) would involve the
initial addition of pyrimidinthiol (1) to
benzalacetophenone derivative forming Michael adduct
(B), then (B) into the reactive species (C), which un-
dergoes 1,3- acetyl shift, with the formation of ester
(D). Finally, the elimination of acetic acid, lead to the
formation of the target thiopyranopyrimidine derivative
(5) (Scheme 2). The 1H NMR spectrum of
thiopyranopyrimidine (5) showed multiplet at ä (6.6 �
8.6) ppm for methinyl and aromatic protons.

N

NPh

CH3
CH3

O

SH

1

N

NPh

CH3
CH3

O

S
O

NO2 (A)

N

NPh

CH3
CH3

O

S Ph
C6H5NO2(p)

O

(B)

N

NPh

CH3

CH3

O

S

PhPhNo2(p)

+

3

N

NPh

CH3

S

Ph

C6H5NO2(p)

O

4

N

NPh

CH3

S

Ph

PhNO2(p)

5

N

NPh

CH3

N

CH3

PhNO2(p)

O

Ph

2

Scheme 1

To examine further scope of the methodology, the
bifunctional compound (6) was employed to subject with
N-arylglycinate (7a-c). The results indicated that aryl group
of glycinate bearing either satirically hindered group at
ortho position (2-ethylphenyl) or electron acceptor group
(3-chlorophenyl), were suitable for the synthesis of com-
pound (9a,b). The IR spectrum of compound (9a, b)
showed a strong absorption at 1653 and 1647 cm� 1 due
to the carboxylic carbonyl. The 1H NMR spectrum sig-
nal at ä 12.9 ppm for the carboxylic proton.

A cyclization reaction takes place with compound
(6) in the case of phenylglycinate resulting in the forma-
tion of pyrrolopyrimidine (10) (scheme 3). Deazapurine
(10) was characterized by IR and 1H NMR spectra.
Pyrrolopyrimidine (10) show the characteristic signal
of pyrrole OH at ä 10.6 ppm. The IR spectra of com-

pound (10) displayed the characteristic absorption band
for OH in the region 3240 � 3500 cm� 1.

Base catalyzed substitution of the chloro group of
compound (6) with thiocarbamate (11a) provided
pyrimidodiazapen (13), presumply via the formation of
non isolable hydrazine derivative (12) followed by in-
tramolecular nucleophilic heterocyclization via loss of
H

2
S (scheme 4). This construction was potentiated by

the presence of mercapto proton at ä 11.4 ppm. IR
spectrum for compound (13) contained band at 1680
cm� 1 due to the carbonyl group.

Displacement of chloro group of chloropyrimidine
(6) with thiocarbamate (11b) furnished
quinolinopyrimidine (16). A reasonable mechanism for
the formation of (16) was proposed in (scheme 5). The
formation of (16) was expected to proceed via initial
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reaction of (11b) and bifunctional compound (6) to af-
ford acetylheterocyclic amine (14), and then the intramo-
lecular cyclization would provide non isolable interme-
diate (15), which sequenttlial H

2
O and CS

2
 elimination

to afforded the final product ?? !!!. The structure of this
product was proved by its spectroscopic data thus, IR
spectrum of compound (16) lack the carbonyl and NH
function

4-Amino-5-acetylpyrimidine (17) was prepared
by amonolysis of 4-chloropyrimidine (6)[39]. In an at-
tempted to prepare pyrimidopyrimidine (19) by re-
fluxing of compound (17) with ammonium
isothiocynate in dioxin the starting material was re-
covered completely unchanged. In contrast when the
reaction was conducted under thermal process

pyridopyrimidine (21) is obtained and non of thiourea
derivative (18) or its cyclized product (19) (is formed
may be due to the deactivation of (-NH

2
) by strongly

acceptor nature of pyrimidine) (scheme 6)
The transformation of 4-amino-5-acetylpyrimidine

(17) into pyridopyrimidine (21) probably proceeds
through the intermediacy of (20) through the addition
of enolic form of (17) to isothiocynate and subsequent
heterocyclization by the loss of NH

3
 molecule. The 1H

NMR spectrum was consistent with the structure of the
new compound (21), which displayed a singlet for the
proton at positions at ä 2.5, 4.1 and 7.2 ppm in addi-
tion to aromatic proton at ä (7.5 � 8.2) ppm. The struc-
ture was also confirmed by the presence of C=S and
C=O at 1373 and 1672 respectively.

N

NPh

CH3
CH3

O

S Ph

O

(B)

NO2

N

NPh

CH3

S Ph

PhO
O

CH3

N

NPh

CH3

S Ph

Ph

O
CH3

H

(C)
(D)

C2H5O

N

NPh

CH3

S

Ph

PhNO2(p)

(5)

O

Scheme 2

N

NPh

CH3 CH3

O

Cl

ArNHCH2COOC2H5 N

NPh

CH3 CH3

O

N CH2COOC2H5

Ar

N

NPh

CH3

N N

CH3

COOH

Ph

N

NPh

CH3

(7a-c)

(8)
(6)

(9a,b) 10

a, Ar = C6H5
b, Ar = C6H4C2H5(o)
c, Ar = C6H4Cl(m)

OH

Ar

a, Ar = C6H4C2H5(o)
b, Ar = C6H4Cl(m)

Scheme 3



322

Full  Paper

Studies on acetylpyrimidine: A facil one�pot synthesis of condensed pyrimidines OCAIJ, 10(8) 2014

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

Compounds having formula (24a,b) was obtained via condensation of 4-amino-5-acetylpyrimidine (17)
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with aldehyde in basic medium [ethoxide or triethy-
lamine] thus, heterocyclization of compound (17) with
m-nitrobenzaldehyde afforded pyridopyrimidine
(24a,b). Presumably via the initial formation of
cinnamoylptrimidine (22) followed by intramolecular cy-
cloaddition and subsequent aromatization 1H NMR of
the adduct (24) showed the presence of hydroxyl pro-
ton at ä 8.1 ppm, also gave band at 3077 cm-1 in its IR
spectrum.

While the reaction of benzaldehyde with 4- amino-
5-acetylpyrimidine produced the cinnamoyl derivative
(22a). Cinnamoylpyrimidine (22a) was well character-
ized by IR and 1H NMR spectra. Schalcone (22a)
showed signal for ethylenic and aromatic proton at ä
(6.02-8.5) ppm. The IR spectrum of
cinnamoylpyrimidine (22a) displayed at 1674 cm-1 for
ketonic carbonyl.

EXPERIMENTAL SECTION

General procedures

All melting points were uncorrected and were re-
corded on Büchi 510 apparatus. IR spectra were re-

corded as KBr disks on a Perkin- Elmer 383- Spec-
trometer and FTIR spectrometer Nicollet, impact 400.
1
H NMR was obtained a Bruker Ac 200f and Ac 250,

DRX400instrument at room temperature using TMS
as internal standard. Micro analysis were carried out at
micro analytical center, Cairo University, Egypt and
Friedrich � Schiller University, Jena, Germany.

1- 5-Acetyl-4-methyl-2-phenyl-6-thiopyrimidine (1)

Was prepared according to the reported proce-
dure[38].
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2- P-nitrobenzal acetophenone

Was prepared according to the reported proce-
dure[40].

.

3- 6-p-(Nitrophenyl)-3-phenyl-[2,3-d]-
thiopyranopyrmidine (5)

An equimolar amounts of pyrimidine (1) and p-
Nitrobenzalacetophenone was refluxed in
ethoxide\ethanol for five hours then neutralized with
hydrochloric acid. The solid obtained upon filtration and
crystallized from ethanol gave 90% of (5) as brown
solid: mp 190 °C. Anal. Calcd. For C

32
H

59
N

2
S: C

76.28, H 11.80, N 5.56. Found: C 76.20, H 11.78, N
5.5. 1H NMR spectrum, ä, ppm: 2.502(s, 3H, CH

3
)

and 6.6 - 8.6 (m, 17H, ArH�s) and methinyl)

4- N-arylglycinate (7a-c)

Was prepared according to the reported proce-
dure[41]

.

5- N-(o-ethylphenyl)-4-methyl-5-carboxy-[2,3-
d]pyrrolopyrimidine (9b)

An equimolar amounts of chloropyrimidine (6) and
N-arylglycinate (7b) was refluxed in ethanol in the pres-
ence of TEA for five hours. The solid obtained upon
concentration, dilution with water (20 ml), acidification
with acetic acid and crystallized from methanol gave
80% of (9b) as brown slolid: mp 210 °C. Anal. Calcd.

For C
23

H
21

N
3
O

2
: C 71.04, H 11.45, N 9.94. Found:

C 71.01, H 11.40, N 9.91. 1H NMR spectrum, ä, ppm:

1.9(s, 3H, CH
3
), 2.5(s, 3H, CH

3
), 7.32-8.45(m, 9H,

ArH�s) and 12.9(s, 1H, COOH). IR spectrum (max,
cm� 1): 1546 (C=N), two strong peaks at 776, 699
(meta di-substituted benzene), 1653 (C=O of á,â- un

saturated acid).

6-N-(m-chlorophenyl)- 4-methyl-5-carboxy-[2,3-
d]pyrrolopyrimidine (9c)

An equimolar amounts of chloropyrimidine (6) and
N-arylglycinate (7c) was refluxed in ethanol in the pres-
ence of TEA for five hours. The solid obtained upon
concentration, dilution with water (20 ml), acidification
with acetic acid and crystallized from methanol gave
70% of (9c) as brown solid: mp 155 °C. Anal. Calcd.

For C
21

H
16

N
2
O

2
Cl: C 64.91, H 10.46, N 9.08. Found:

C 64.80, H 10.40, N 8.98. 1H NMR spectrum, ä,
ppm: 2.501(s, 3H, CH

3
), 7.5-8.1(m, 9H, ArH�s) and

13(s, 1H, COOH). IR spectrum (max, cm� 1):
1564(C=N), two strong peaks at 777, 696 (meta di-
substituted benzene) and 1647 (C=O of á,â- un satu-

rated acid).

7- N-phenyl- 4-hydroxy-[2,3d]pyrrolopyrimidine
(10)

An equimolar amounts of chloropyrimidine (6) and
N-arylglycinate (7a) was refluxed in ethanol in the pres-
ence of TEA for five hours. The solid obtained upon
concentration, dilution with water (20 ml), acidification
with acetic acid and crystallized from methanol gave
70% of (10) as brown solid 10: mp 215 °C. Anal. Calcd.

For C
19

H
15

N
3
O C 76.17, H 11.96, N 8.6. Found C

76.12, H 11.90, N 8.1. 1H NMR spectrum, ä, ppm:

2.5 (s, 3H, CH
3
), 7-8.4 (m, 10H, ArH�s) and 10.6(s,

1H, OH). IR spectrum (max, cm� 1): 1654(C=N),
3240-3500(OH).

8- thiocarbamate (11a,b)

Was prepared according to the reported proce-
dure[42].

9- 4-Methyl-7-thio-[2,3-d]pyrimido-1-thia-5,7-
diazap-4-ene (13)

An equimolar amounts of chloropyrimidine (6) and
thiocarbamate (11a) was refluxed in 20 ml methanol in
the presence of sodium carbonate for five hours. The
solid obtained upon dilotion with water and acidifica-
tion with hydrochloric acid was collected and crystal-
lized from methanol gave 70% of (13) as brown solid:
mp 122 °C. Anal. Calcd. For C

14
H

12
N

3
S

2
: C 62.97, H

10.79, N 12.24. Found C 62.90, H 10.70, N 12.20.
1H NMR spectrum, ä, ppm: 2.5(s, 3H, CH

3
), 7.1-

8.5(m, 5H, ArH�s) and 11.4(s, 1H, SH). IR spec-
trum (max, cm� 1): 1622 (C=N) and 1680 (C=O).

10- N-(o-ethyl)-4-methenyl-6-thiopyrimido-1,5-thi-
azine (16)

A solution of chloropyrimidine (6) (0.01 mole) and
thiocarbamate (11b) (0.01 mole) in methanol (60 ml)
was heated under reflux for five hours, the solid sepa-
rated upon cooling were crystalized from methanol and
gave 60% of (16) as brown solid: mp 250 °C. Anal.

Calcd. For C
22

H
14

N
3
S

2
: C 59.32, H 9.31, N 9.02.

Found C 59.30, H 9.30, N 8.99. 1H NMR spectrum,
ä, ppm: 1.21 (t, 3H, CH

3
), 2.509(s, 3H, CH

3
), 2.497
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(s, 3H, CH
3
), 2.601- 3.303(q, 2H, CH

2
) and 7.006-

8.182(m, 9H, ArH�s) andIR spectrum (max, cm� 1):
1636 (C=N) and 753 (O- disubstituted aromatic ring).

11- 4-Amino-5-acetylpyrimidine (17)

Was prepared according to the reported proce-
dure[39].

12- 4-Oxo-6-thio-[2,3-d]-pyridopyrimidine (21)

A mixture of aminopyrimidine (17) (0.01 mole) and
ammoniumthicynate was fused for half hour then add
acetic acid and pour on water. The solid obtained upon
filtration and crystallized from methanol gave 70% of
(21) as brown solid: mp 200 °C. Anal. Calcd. For

C
14

H
11

N
3
OS: C 66.79, H 10.45, N 10.62. Found C

66.70, H 10.42, N 10.60. 1H NMR spectrum, ä, ppm:

2.506(s, 3H, CH
3
), 4.129(s, 2H, CH

2
), 7.288(s, 1H,

NH) and 7.567-8.470(m, 5H, ArH�s). IR spectrum

(max, cm� 1): 3464 (NH), 1373 (C=S), 1672 (C=O)
and 1563 (C=N).

13- 4-amino-6-methylcinnamoylpyrimidine (22a)

A mixture of aminopyrimidine (17) (0.01 mole) and
benzaldehyde (0.01 mole) was refluxed in
ethoxide\ethanol then neutralized with hydrochloric acid.
The solid obtained upon filtration and crystallized from
methanol gave 80% of (22a) as brown solid: mp 210
°C. Anal. Calcd. For C

19
H

17
N

3
O: C 67.18, H 12.53,

N 8.7. Found C 67.15, H 12.4, N 8.4. 1H NMR spec-
trum, ä, ppm: 2.172(s, 3H, CH

3
), 6.02(s, 1H, CH eth-

ylenic) and 6.025-8.579(m, 12H, ArH�s+NH
2
). IR

spectrum (max, cm� 1): 1674 (C=O).

14- 4-Hydroxy-6-(m-nitrophenyl)pyridopyrimidine
(24)

A mixture of aminopyrimidine (17) (0.01 mole) and
m-nitrobenzaldehyde was refluxed in methanol for four
hour in the presence of TEA. The solid obtained upon
concentration, dilution with water (20 ml), acidification
with acetic acid and crystallized from methanol gave
90% of (24) as brown solid: mp 256 °C. Anal. Calcd.

For C
20

H
14

N
4
O

3
. C 36.48, H 5.20, N 4.25. Found C

36.44, H 5.10, N 4.20. 1H NMR spectrum, ä, ppm:

2.543(s, 3H, CH
3
) and 7.626-8.174(m,

10H,ArH�s+OH). IR spectrum (max, cm� 1): 3077
(OH), 1647 (C=N) and two strong peaks at 772, 697
(due to meta di-substituted aromatic ring).

REFERENCES

[1] S.H.Bantawal, M.Manjathuru, K.S.Mari,
K.M.Padiyath; Bio.Org.Med.Chem., 14, 2040
(2006).

[2] T.Akaiah, B.P.V.Lingaiah, B.Narsaiah, K.K.Pranay,
U.S.N.Murthy; Eur.J.Med.Chem., 43(2), 341
(2008).

[3] B.Ayoob, M.K.Maryam, G.Ramin, A.S.Ali; Comptes
Rendus Chmie., 12(12), 1287 (2009).

[4] G.S.Waghmare, S.B.Junne, S.D.Shinde,
A.S.A.Ghamare. S.V.Kuberkar; Chem.Sci.Trans.,
2(1), 1 (2013).

[5] C.Mugnaini, F.Manetti, J.Este. I.Clotet-Codina.
G.Maga, R.Cancio, M.Botta, F.COrelli; Bio.Org.
Med.Lett., 16, 3541 (2006).

[6] D.K.Olaf, G.B.Richard, D.Monica, K.M.Courtney,
M.Ester, P.Sil-via. R.Michel, S.Vincenzo; Tetrahe-
dron Letters, 49(46), 6556 (2008).

[7] A.B.Adnan, T.Y.Hesham, A.F.Sherif, M.B.Azza;
Eur.J.Med.Chem., 38, 27 (2003).

[8] S.D.Vachala, K.K.Srinivasan; Der Pharma
Chemica., 3(6), 62 (2011).

[9] A.E.Amr, A.M.Mohamed, S.F.Mohamed,
N.A.Abdel-Hafez, A.G.Hammam; Bio.Org.Med.
Chem., 14(16), 5481 (2006).

[10] M.T.Cocco, C.Congiu, V.Lilliu, V.Onnis; Bio.Org.
Med.Chem., 14, 366 (2006).

[11] N.Zhang, S.Ayral-Kaloustian, T.Nguyen,
R.Hernandez, C.Beyer; Bio.Org.Med.Chem.Lett.,
17, 2003 (2007).

[12] D.Elena, T.Z.Alessandra, M.Mattia, F.Irene,
B.Amalia, N.An-tonella, C.Fabio, S.Annalisa,
S.Silvia, B.Maurizio; Eur.J.Med.Chem., 45(2), 5958
(2010).

[13] A.E.Mahmoud, M.M.Ali; Eur.J.Med.Chem., 46(4),
1019 (2011).

[14] Z.Ailing. G.Xin, X.W.Yuan, A.Aajing, W.Ying,
Y.Chen, G.Meiyu, A.Zhang; Bio.Org.Med.Chem.,
19(13), 3906 (2011).

[15] Z.Xin, Z.Xilin, L.Roy kisliuk, P.Jennifer, C.Vivian,
G.Aleem; Bio.Org.Med.Chem., 19(11), 3585
(2011).

[16] R.S.Mohamed, S.S.Tamer, S.M.Abdel-Rahman,
M.F.Ahmad; Eur.J.Med.Chem., 46(9), 3690
(2011).

[17] N.M.Shekhar, V.R.A.Palle, Y.Anjaneyulu; Tetrahe-
dron Letters, 52(32), 4140 (2011).

[18] I.F.Nassar, S.A.ElAssaly; Der Pharma Chemia,
3(1), 229 (2011).



326

Full  Paper

Studies on acetylpyrimidine: A facil one�pot synthesis of condensed pyrimidines OCAIJ, 10(8) 2014

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

[19] F.I.Rodney, G.Charles, Skinner, S.William; Canadian
Journal of Chemistry, 45, 2213 (1967).

[20] V.P.Litvinov; Advances in Heterocyclic Chemistry,
92, 83 (2006).

[21] A.Hausen, D.Fuchs, G.Reibnegger, H.Wachter;
Cancer, 53, 1634 (1984).

[22] T.Nazer, F.Ullrich, H.Priewer, M.Majewski,
E.Mutschler; Brit.J.Pharmac., 106, 222 (1992).

[23] Y.Zheng, M.Sun, Y.Liu, M.Li, M.Ji; Med.Chem., 7,
295 (2011).

[24] K.Sushil, Kashaw, G.Vivek, K.Varsha, P.Mishra,
J.P.Stables, N.K.Jain; Med.Chem.Research., 19,
250 (2010).

[25] D.W.Combs, M.S.Rampulla, R.K.Russell,
R.A.Rampull, D.H.Klaubert, D.Ritchie, A.S.Meeks,
T.Kirchner; Drug Design Delivery, 6, 241 (1990).

[26] A.R.Katritzky, C.W.Rees, E.F.V.Scriven; Compre-
hensive Heterocyclic Chemistry H., A.J.Boulton,
(Ed); Pergamon Press: Oxford � New York � To-

kyo, 6, 195 (1996).
[27] G.Jian, Z.Quan, O.N.Michael, O.Nicanor, A.Arba,

G.Lucia, A.J.Lin; Antimicrobial Agents and Che-
motherapy, 49, 4928 (2005).

[28] O.A.Fathalla, W.A.Zaghary, H.H.Radwan,
S.M.Awad, M.S.Mohamed; Arch.Pharm.Res., 25,
258 (2002).

[29] O.A.Fathalla, S.M.Awad, M.S.Mohamed;
Arch.Pharm.Res., 28, 1205 (2005).

[30] Y.Ding, J.Girardet, K.L.Smith, G.L.Prigaro, J.Z.Wu,
N.Yao; Bioorg.Chem., 34, 26 (2006).

[31] J.Goerdeler, H.W.Pohland; Chem.Ber., 94, 2950
(1961).

[32] J.Goerdeler, D.Wieland; Chem.Ber., 47, 100
(1967).

[33] A.Jezewski, J.Jurczak, Z.Lidert, C.M.Tice;
J.Heterocyclic Chem., 38, 645 (2001).

[34] P.J.Bhuyan, H.N.Borah, K.C.Lekhok, J.S.Sandhu;
J.Heterocyclic Chem., 38, 491 (2001).

[35] J.Quiroga, M.Alvarado, B.Insuasty; J.Heterocyclic
Chem., 36, 113 (1999).

[36] S.El-Bahaie, A.El-Deep, M.G.Assy; Die Pharmazie,
46, 26 (1991).

[37] V.Dorkhov, A.Komkov, S.Baranin; Arkivoc, 14,
178-186 (2003).

[38] H.H.Sayed, A.H.Moustafa, N.M.Yousif, M.G. Assy,
M.A.Abdel-Halim; Phosphorus.Sulfur. and Silicon,
183, 2318-2319 (2008).

[39] M.Read, M.Braendvang, P.Miranda, L.Gundersen;
Bioorg.and Med.Chem., 18, 3885-3897 (2010).

[40] S.Allameh, M.M.Heravi, M.M.Hashemi,
F.F.Bamoharram; Chinese Chemical Letters, 22,
131-134 (2011).

[41] D.Font, M.Heras, J.Villalgordo; Tetrahedron, 64,
5226-5235 (2008).

[42] G.H.Jin, H.J.Lee, H.J.Gim, J.Ryu, R.Jeon;
Bio.Org.and Med.Chem., 22, 3301-3304 (2012).


